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The Diversity of Hind-Gut Bacterial Microbiome of House Rats and
Cockroaches: An indication of Public Health Risk for Residents of Semi-
urban and Urban Morogoro, Tanzania

Bernadetha Richard Kimwaga®3, = Alexanda Mzula?®™, “= Ladslaus Mnyone?

1Sokoine University of Agriculture, Department of Veterinary Medicine and Public Health,
P. O. Box 3021, Morogoro, Tanzania.
2Sokoine University of Agriculture, Department of Microbiology, Parasitology and Biotechnology, P.O. Box 3019,
Morogoro, Tanzania.
3Sokoine University of Agriculture, Institute of Pest Management, P.O. Box 3021, Morogoro, Tanzania.

ARTICLE INFO ABSTRACT
Received: 30/12/2023 House rats (Rattus rattus) and cockroaches (Periplaneta americana) are
Accepted: 18/08/2024 important reservoirs of zoonotic bacterial diseases. Understanding these
animals' gut bacteria composition is crucial for monitoring and preventing
DOI: 10.5281/zenodo.13621379 infections. This study aimed to determine the hindgut bacteria composition
and diversity of the two hosts sampled from Kilosa and Morogoro districts, in
=Corresponding Author: amzula@sua.ac.tz Tanzania. A cross-sectional study design was employed, A total of 114 house
rats and 57 cockroaches were caught. The hind guts of trapped host species
Keywords were dissected and pooled to obtain four pools (two pools represent the
hindgut of R. rattus and P. americana from Morogoro municipal and two
Bacterial composition pools for the hindgut of R. rattus and P. americana from Kilosa district).
Gut bacteria_ ) Genomic DNA was extracted from the pooled samples which was then used
Metagenomic sequencing in metagenomics sequencing. The observed Shannon and Chao 1 indices
Periplaneta americana indicated higher bacterial species diversity in rats of the Kilosa district and
Rattus rattus cockroaches of Morogoro municipal. The microbiome diversity in Morogoro
municipal was higher for cockroaches than for rats, but it was not statistically
Cite this article as: Kimwaga BR, Mzula M, Mnyone L. significant (p>0.05). In Kilosa district, the microbiome diversity was higher
2024. The diversity of hind-gut bacterial microbiome of for rats than for cockroaches, but it was not statistically significant (p>0.05)
house Rats and Cockroaches: An indication of public Proteobacteria and Bacteroidetes were the most abundant phyla in the hindgut
health risk for residents of semi-urban and urban samples of both animals. However, abundances differed among the host
Morogoro, Tanzania. International Journal of Veterinary species and areas sampled. Proteobacteria were the most abundant phylum
and  Animal  Research, 7(2): 31-39. DOL: from Rattus rattus from Kilosa district, P. americana and R. rattus from
10.5281/zenodo.13621379. Morogoro municipal, comprising 48%, 41%, and 40%, respectively.

Bacteroidetes were plentiful from P. americana from Kilosa district (48%).
Bacterial diversity was observed to be higher for R. rattus from Kilosa district
and P. americana from Morogoro municipal. Potential pathogenic bacteria
were also observed; the highest relative abundance of pathogenic bacteria was
observed from P. americana of Kilosa, followed by R. rattus from the
Morogoro district. Therefore, this study highlights the composition of hindgut
bacteria carried by P. americana and R. rattus, which gives an insight into the
different bacteria carried, including the pathogenic ones. This study suggests
surveillance of these pests to minimise outbreaks and transmission of zoonotic
diseases. Since this study did not focus on factors influencing microbiome
composition and diversity, further studies are recommended to be conducted
to see the influence of those factors on the gut microbiome.

INTRODUCTION widespread urban pest species. Both pests inhabit a wide
The house rat (Rattus rattus) and cockroach (Periplaneta range of habitats including human and animal habitats.
americana) are among the world's most prolific and The R. rattus and P. americana gut microbiome comprise
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horizontally transmitted and vertically transmitted
microbes. Both of their guts harbour a variety of
microorganisms, which play an important role in the health
and fitness of host animals. The microbes contribute
positively to the development and growth of the host by
participating in food digestion, host nutrition, protection
against pathogens and increasing the immune response
(Engel and Moran, 2013a; Huang et al., 2013; Yang et al.,
2017). They protect the host against pathogens by
inhibiting colonisation and enhancing their immunity
(Engel and Moran, 2013a). As reported by (Engel and
Moran, 2013b; Brune and Dietrich, 2015; Claus et al.,
2016) certain toxins such as pesticides can be metabolised
by the gut microbiome. Moreover, recent studies have
shown that the microbiome can impact different host
behaviours, including frequency of social interactions,
mate choice, hyperactivity, anxiety, depression and others
(Tinker and Ottesen, 2016).

The assemblage and composition of the bacteria
community inhabit the three sections of the alimentary
canal, but many studies reported that the hindgut has the
highest bacterial density and diversity (Cruden and
Markovetz, 1987; Schauer et al., 2012; Bauer et al., 2015;
Kakumanu et al., 2018). Like in other animals, the gut
microbiome in P. americana and R. rattus is dictated by
the interplay of host genetics, early environment, and
immediate environment (Tinker and Ottesen, 2016).
Typical examples of a host’s environment that can cause a
major impact on the microbiome include temperature
(Sepulveda and Moeller, 2020), diet (Turnbaugh et al.,
2009), and/or housing conditions (Ericsson and Franklin,
2015; Caruso et al., 2019). Arguably, the interaction
between these and other domestic pests also influences the
composition and diversity of the gut microbiome.

Understanding the gut microbial communities is
essential as it contributes to understanding their biology
and clinical relevance since they are engaged in
disseminating pathogens (Kakumanu et al., 2018). Based
on the aforementioned, studies have emphasised the urge
to acquire an in-depth understanding of host-microbiome-
parasites interactions. These interactions are critical for
disease transmission. As such, the accrued knowledge will
not only establish mechanisms via which gut-microbiome
modulates the host’s (P. americana and R. rattus) ability
to transmit and/or harbour bacterial and possibly other
pathogens but also may reveal symbiotic microbes that
may be exploited to achieve transmission blocking in
disease vectors/reservoirs. Several symbionts have been
identified as potential strategies for reducing disease
transmission, for example, Wolbachia, Sodalis,
Wigglesworthia, Rhodococcus and Serratia (Weiss and
Akoy, 2011).

This study aimed to assess the composition of the
hindgut bacteria microbiome of cockroaches and house
rats since little is documented, especially in Tanzania,
about the hindgut bacterial composition of these two pests
to ascertain their potential for disease transmission.

MATERIALS AND METHODS

The Ethics Statement

The Ethical approval for the study was given by the ethical
committees of Sokoine University of Agriculture,
Tanzania, with reference No SUA/AMD/R.1/8/763,
approved on 5 January 2022.

Description of the study area

This study was conducted in Morogoro Municipal and
Kilosa district (Fig. 1), in the Morogoro region, Tanzania.

Morogoro Municipal covers an area of 260 km?2 The
district has an average minimum and maximum
temperature of 16°C and 33°C, respectively. The annual
rainfall ranges from 821-1505 mm (Ernest et al., 2017).
The main economic activities include subsistence and
commercial farming, small-scale enterprises and trade.
Kilosa district covers an area of 14,245 km? and
experiences rainfall from November to May. The dry
season occurs from June to October. The average annual
temperature is 24.6°C (Chipwaza et al., 2015). The main
economic activities include agriculture and livestock
keeping. Both districts experience a high infestation of
rodents and cockroaches.
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Figure 1. A map showing the selected study sites

Study Design

The study followed a cross-sectional design and was
conducted from January 2022 to April 2022. Laboratory
analyses for both cockroaches and rodents were conducted
mainly in Sokoine University of Agriculture (SUA)
laboratories.

Sampling procedures and sample processing

P. americana and R. rattus were collected from four
randomly selected wards, two from each district. A total of
57 P. americana and 114 R. rattus were trapped from 62
randomly selected households, 22 A. americana from
Morogoro Municipal and 35 from Kilosa District, while 54
R. rattus were from Morogoro Municipal and 60 from
Kilosa District. P. americana were manually caught and
stored in sterile containers, while R. rattus were trapped in
wire cages.

Trapped P. americana and R. rattus were identified
based on their morphological features with the guidance of
identification keys (Happold et al., 2013; Picker et al.,
2004). Both P. americana and R. rattus were sacrificed
with  chloroform.  Periplaneta  americana  were
individually placed in tubes with 5ml of normal saline
(0.9% NaCl) and shacked manually to dislodge bacteria
from their body surface; after that soaked in 90% ethanol
for 5 minutes and dried to further decontaminate their
external body surface. They were then rewashed with
sterile normal saline to remove traces of ethanol. Both P.
americana and R. rattus were dissected aseptically using
scissors to remove the hindgut. The hindgut contents were
collected in sterile tubes containing maximum recovery
diluent media, stored in a sterile cool box with ice cubes,
and transported to Sokoine University of Agriculture for
further laboratory analysis.
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In aseptic conditions, the hindguts of fifty-seven P.
americana and 114 R. rattus from Morogoro municipal
and Kilosa district were dissected and pooled. Four pools
were obtained (two representing the hindguts of P.
americana and R. rattus from Morogoro municipal, and
two representing the hindgut of P. americana and R. rattus
from Kilosa district). The pools have been abbreviated
using the following key: PA1; P. americana from
Morogoro district, PA2; P. americana from Kilosa district,
RR1; R. rattus from Morogoro district, RR2; R. rattus
from Kilosa district.

DNA extraction

DNA was extracted from the hindgut content stored in
buffered peptone water. Genomic DNA was extracted
using the Quick-DNA universal extraction kit (Zymo
Research, USA) protocol per the manufacturer’s
instructions. The quantity and quality of gDNA were then
measured using a NanoVue Plus spectrophotometer at a
wavelength of 260nm (Aze0/A2s0). A ratio between 1.8 and
2.0 indicated a high-quality gDNA.

Library preparation and sequencing

The MinlON sequencing techniques of Oxford Nanopore
technology were used in this study. The MinlON
sequencing libraries were generated using the DNA
sequencing-barcoding kit (SQK-PCB109-Oxford
Nanopore Technologies) following the manufacturer’s
protocol.

Bioinformatics analysis

Firstly, the raw reads were subjected to quality trimming
using Cutadapt V3.4 to remove low-quality reads and trim
barcode and adopter sequences. The trimmed reads were
then assembled using Megahit VV1.2.9 to generate contigs
representing the genetic material in the metagenomic
samples. These contigs were subsequently binned into
individual microbial genomes using Metabat2 V2.15 after
aligning the reads to assembled contigs using Bowtie2
V2.5.1; Metabat2 utilises sequence composition and
coverage information. The resulting metagenomic bins
were annotated using Prokka V1.14.6, which predicted and
annotated protein-coding genes within the bins by
leveraging the Prodigal gene prediction tool and the NCBI
non-redundant database. To determine the taxonomic
composition of the metagenomic samples, we performed
metagenomic taxonomic classification using Kraken2
V2.1.3 with the RefSeq database.

Statistical analysis

R-studio software (V 4.2.3) was used for statistical
analysis; whereby descriptive statistics was used to
analyse the relative abundances of bacteria. The Phyloseq
package was used for diversity analysis. The Chi-square
and t-test were used to compare the abundance and
diversity of bacteria genera between the host species and
areas sampled. Differences were considered to be
significant at the level of p<0.05.

RESULTS

The general characteristics of the sequencing data set are
shown in Table 1. The data set consisted of 65 633 and 772
874 sequences for R. rattus and P. americana samples
collected from Morogoro municipal, and 437 465 and 50
859 sequences for R. rattus and P. americana from Kilosa
district. A total of 404 575 818 bases were sequenced from

four pooled samples, most of which were from R. rattus
from Kilosa (235 119 094) and fewer from P. americana
from Kilosa (19 708 309).

Table 1. General characteristics of each sequencing data
for each host species collected

Sample Reads Bases (bp)  Number
of bins
RR1 65633 23120071 9
PA1 772874 126628344 19
RR2 437465 235119094 29
PA2 50859 19708309 7

Key; RR1; Rattus rattus from Morogoro municipal, PAL;
Periplaneta americana from Morogoro municipal, RR2; Rattus
rattus from Kilosa district, PA2; Periplaneta americana from
Kilosa district

Bacterial Community

Taxonomic analysis was performed to identify the hindgut
bacterial community of the two host species sampled. A
total of 27 bacterial phyla were identified Proteobacteria
and Bacteroidetes were the most abundant phyla among all
host species sampled. Proteobacteria was abundant from
R. rattus from Kilosa district (48%) and P. americana
(41%) and R. rattus (40%) from Morogoro municipal.
Bacteroidetes were also highly abundant from P.
americana from Kilosa district (48%) (Fig. 2A & B). To
further explore the hind-gut bacterial community of R.
rattus and P. americana, the bacterial community at the
genus level was analysed and 806 genera were identified.
Fifty-one genera with sequence reads above 15 were
presented in Table 2. Five bacteria genera shared by pool
samples in the two host species (R. rattus and P.
americana) were Proteus, Fusobacterium, Escherichia,
Citrobacter and Bacteroides.

A chi-square test was performed to determine the
significant differences in the number of sequences of
bacterial genera that were shared between the two host
species (R. rattus and P. americana). From Kilosa district,
the results showed that the number of sequences of Proteus
(p<0.001), Fusobacterium (p<0.001), Escherichia
(p<0.001), Citrobacter (p<0.001) and Bacteroides
(p<0.001) were significantly higher in R. rattus compared
to P. americana. For Morogoro municipal, the number of
sequences of Bacteroides (p<0.001), Citrobacter
(p<0.001) and Proteus (p=0.01) were also significantly
higher in R. rattus compared to P. americana. The number
of sequences of Escherichia (p=0.449) and Fusobacteria
(p=0.087) showed no significant differences between R.
rattus and P. americana.

The significant differences in sequences of shared
genera were also determined between the two districts
sampled (Kilosa and Morogoro district). The results
showed that the number of sequences of Bacteroides
(p<0.001), Citrobacter (p<0.001), Escherichia (p<0.001)
and Proteus (p<0.001) were significantly higher in R.
rattus from Kilosa than that from Morogoro district but
Fusobacterium  (p=0.414) showed no significant
difference. The number of sequences of Bacteroides
(p<0.001), Citrobacter (p<0.001), Escherichia (p<0.001),
Fusobacterium (p<0.001) and Proteus (p<0.001) were
significantly higher for P. americana from Morogoro
district than those from Kilosa district.
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Figure 2. Bacterial composition of different host species (A) and at phylum distribution (B)

Table 2. Taxonomic classification of bacteria at genus level from pools of the two host species sampled

Number of sequences

Taxonomy (Phylum; Class; Family; Genus) Kilosa Morogoro

RR2 PA2 PA1 RR1
Proteobacteria, Betaproteobacteria, Alcaligenaceae, Achromobacter 15 - - -
Proteobacteria, Gammaproteobacteria, Moraxellaceae, Acinetobacter 203 - 17 -
Proteobacteria, Gammaproteobacteria, Aeromonadaceae, Aeromonas 16 - - -
Verrucomicrobia, Verrucomicrobiae, Akkermansiaceae, Akkermansia 274 - - -
Proteobacteria, Betaproteobacteria, Alcaligenaceae, Alcaligenes 390 - 60 -
Bacteroidetes, Bacteroidia, Rikenellaceae, Alistipes 240 - - -
Firmicutes, Clostridia, Lachnospiraceae, Anaerotignum 30 - - -
Firmicutes, Bacilli, Bacillaceae, Bacillus 28 - 26 -
Bacteroidetes Bacteroidia, Bacteroidaceae, Bacteroides 1838 667 972 456
Firmicutes, Clostridia, Lachnospiraceae, Blautia 29 - - -
Fusobacteria, Fusobacteriia, Aeromonadaceae, Bordetella 73 - - -
Proteobacteria, Alphaproteobacteria, Caulobacteraceae, Brevundimonas 17 - - -
Proteobacteria, Gammaproteobacteria, Enterobacteriaceae, Citrobacter 537 86 263 42
Firmicutes, Clostridia Comamonadaceae, Peptostreptococcaceae, Clostridioides 15 - - -
Firmicutes, Clostridia, Clostridiaceae, Clostridium 135 - 126 18
Proteobacteria, Betaproteobacteria, Comamonas 85 - - -
Proteobacteria, Deltaproteobacteria, Desulfovibrionaceae, Desulfovibrio 70 - 25 -
Proteobacteria, Gammaproteobacteria, Enterobacteriaceae, Enterobacter 239 - 38 17
Firmicutes, Bacilli, Enterococcaceae, Enterococcus 23 - 62 -
Proteobacteria, Gammaproteobacteria, Enterobacteriaceae, Escherichia 302 88 178 164
Firmicutes, Clostridia, Ruminococcaceae, Faecalibacterium 27 - - -
Bacteroidetes, Flavobacteriia, Flavobacteriaceae, Flavobacterium 20 - - -
Firmicutes, Clostridia, Ruminococcaceae, Flavonifractor 75 - - -
Fusobacteriota, Fusobacteriia, Fusobacteriaceae, Fusobacterium 290 210 354 310
Firmicutes, Clostridia, Peptostreptococcaceae, Intestinimonas 44 - - -
Proteobacteria, Gammaproteobacteria, Enterobacteriaceae, Klebsiella 265 - 60 18
Firmicutes, Bacilli, Planococcaceae, Kurthia 23 - - -
Firmicutes, Clostridia, Lachnospiraceae, Lachnoclostridium 327 - 41 -
Firmicutes, Bacilli, Lactobacillaceae, Lactobacillus 272 - 63 30

Key; PA1; Periplaneta americana from Morogoro district, PA2; Periplaneta americana from Kilosa district, RR1; Rattus rattus from
Morogoro district, RR2; Rattus rattus from Kilosa district. “- “not found.
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Table 3. Continued

Number of sequences
Taxonomy (Phylum; Class; Family; Genus) Kilosa Morogoro
RR2 PA2 | PA1 RR1
Firmicutes, Bacilli, Streptococcaceae, Lactococcus 18 - - -
Firmicutes, Bacilli, Bacillaceae, Lysinibacillus 109 - 205 43
Proteobacteria, Gammaproteobacteria, Morganellaceae, Morganella 203 - 70 -
Bacteroidetes, Bacteroidia, Muribaculaceae, Muribaculum 30 - - -
Bacteroidetes, Flavobacteriia, Flavobacteriaceae, Myroides 225 - 18 -
Bacteroidetes, Bacteroidia, Odoribacteraceae, Odoribacter 40 - - -
Firmicutes, Clostridia, Oscillospiraceae, Oscillibacter 24 - - -
Bacteroidetes, Bacteroidia, Tannerellaceae, Parabacteroides 250 - 105 -
Proteobacteria, Gammaproteobacteria, Morganellaceae, Proteus 396 144 371 306
Proteobacteria, Gammaproteobacteria, Morganellaceae, Providencia 543 - 139 27
Proteobacteria, Gammaproteobacteria, Pseudomonadaceae, Pseudomonas 352 - 27 -
Proteobacteria, Gammaproteobacteria, Moraxellaceae, Psychrobacter 98 - - -
Proteobacteria, Gammaproteobacteria, Enterobacteriaceae, Salmonella 28 - 19 -
Proteobacteria, Gammaproteobacteria, Yersiniaceae, Serratia 50 - 53 -
Proteobacteria, Gammaproteobacteria, Shewanellaceae, Shewanella 49 - 98 -
Bacteroidetes, Sphingobacteriia, Sphingobacteriaceae, Sphingobacterium 60 - - -
Firmicutes, Bacilli, Staphylococcaceae, Staphylococcus 17 - - -
Proteobacteria, Gammaproteobacteria, Xanthomonadaceae, Stenotrophomonas 288 70 48 -
Firmicutes, Bacilli, Streptococcaceae, Streptococcus 16 - - -
Actinobacteria, Actinobacteria, Streptomycetaceae, Streptomyces 19 - - -
Proteobacteria, Gammaproteobacteria, Vibrionaceae, Vibrio 16 - - -
Firmicutes, Clostridia, Peptostreptococcaceae, Acetoanaerobium - - 66 -

Key; PAL; Periplaneta americana from Morogoro district, PA2; Periplaneta americana from Kilosa district, RR1; Rattus rattus from

Morogoro district, RR2; Rattus rattus from Kilosa district. “- “not found.

Potential Pathogenic Bacteria

Potential pathogenic bacteria were identified from the
pooled samples of two host species. Only bacteria genera
and species with sequence reads above 15 were presented.
Twenty-four pathogenic genera were identified with
common pathogenic genera, as shown in Table 3. Among
pathogenic genera identified, five genera (Proteus,
Fusobacterium, Escherichia, Citrobacter and
Bacteroides) were shared by all host species collected
from two areas sampled. Relative abundances of
pathogenic bacteria carried by the two host species from
each sampled site were observed. The highest relative
abundance of pathogenic bacteria was observed from P.
americana from Kilosa followed by R. rattus from
Morogoro district (Fig 3). Pathogenic bacteria were further

explored at the species level, as shown in Table 4, where
Escherichia coli, Citrobacter freundii, and Proteus
mirabilis were found in all host species. Klebsiella
pneumoneae was found in all hosts except in P. americana
from Kilosa. Salmonella enterica was also found only in
P. americana from Kilosa and R. rattus from Morogoro
district.

Each bar represents the relative abundance of each
bacterial taxa (A). (B). A heatmap representing
abundances of bacterial taxon depicted by colour intensity
(B). Key; PAL; P. americana from Morogoro district,
PA2; P. americana from Kilosa district, RR1; R. rattus
from Morogoro district, RR2; Rattus rattus from Kilosa

district.

Table 4. Common potential pathogenic bacteria genera found in the pooled samples

of two host species

RR1 PA1

RR2

PA2

Bacteroides
Citrobacter

Bacteroides
Citrobacter

Clostridium Clostridium
Enterobacter Enterobacter
Escherichia Enterococcus
Klebsiella Escherichia
Fusobacterium Klebsiella
Proteus Proteus
Pseudomonas
Salmonella

Bacteroides
Citrobacter
Clostridium
Enterobacter
Enterococcus
Escherichia
Klebsiella
Proteus
Pseudomonas
Salmonella

Fusobacterium
Staphylococcus
Streptococcus
Vibrio

Fusobacterium

Bacteroides
Citrobacter
Escherichia
Fusobacterium
Proteus

Key; PAL; Periplaneta americana from Morogoro district, PA2; Periplaneta americana from
Kilosa district, RR1; Rattus rattus from Morogoro district, RR2; Rattus rattus from Kilosa

district
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Table 5. Some potential pathogenic bacteria species found in the pooled samples of two host species.

RR1 PAl

RR2

PA2

Bacteroides cellulosilyticus  Citrobacter freundii

Citrobacter freundii Clostridium botulinum
Escherichia coli Escherichia coli

Klebsiella pneumoniae
Proteus mirabilis

Klebsiella pneumoniae
Proteus mirabilis

Salmonella enterica

Citrobacter freundii
Bacteroides cellulosilyticus
Clostridium botulinum
Enterobacter hormaechei

Citrobacter freundii
Escherichia coli
Fusobacterium ulcerans
Proteus mirabilis

Escherichia coli

Klebsiella pneumoniae
Proteus mirabilis

Pseudomonas aeruginosa

Fusobacterium ulcerans
Salmonella enterica

Key; PA1; Periplaneta americana from Morogoro district, PA2; Periplaneta americana from Kilosa district, RR1; Rattus rattus from

Morogoro district, RR2; Rattus rattus from Kilosa district.
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Figure 2. Relative abundances of potential pathogenic
bacteria from the pooled samples of two host species. Key;
PAL; Periplaneta americana from Morogoro district,
PA2; Periplaneta americana from Kilosa district, RR1;
Rattus rattus from Morogoro district, RR2; Rattus rattus
from Kilosa district.

Next, an alpha diversity on all samples was performed.
Alpha diversity refers to the diversity of a specific region
or ecosystem. The observed Shannon and Chao 1 indices
indicated higher species diversity in rats of the Kilosa
district and cockroaches of Morogoro municipal (Fig. 4).
The microbiome diversity in Morogoro municipal was
higher for cockroaches than for rats. However, it was not
statistically significant (p>0.05). In Kilosa district, the
microbiome diversity was higher for rats than for
cockroaches, but it was not statistically significant
(p>0.05) (Fig. 5) as well.

In comparing the two districts, the microbiome
diversity was high in Kilosa district compared to
Morogoro municipal, though the difference was not
statistically pronounced (Fig. 6). When beta diversity was
assessed. The finding showed that variation of microbial
communities between samples existed. However, the
composition was similar between cockroaches from
Kilosa district and rats from Morogoro municipal (Fig. 7).

The closer the two sample points are, the more similar
the bacterial composition of the two samples. Key; PAL;
P. americana from Morogoro district, PA2; P. americana
from Kilosa district, RR1; R. rattus from Morogoro
district, RR2; R. rattus from Kilosa district.
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Figure 3: Alpha diversity of collected samples

Key; PAL; Periplaneta americana from Morogoro district, PA2;
Periplaneta americana from Kilosa district, RR1; Rattus rattus
from Morogoro district, RR2; Rattus rattus from Kilosa district.
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Figure 4: Alpha diversity of collected host species

Key; PA; Periplaneta americana from Morogoro district and
Kilosa district, RR; Rattus rattus from Morogoro district and
Kilosa district.
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Figure 5: Alpha diversity of collected host species from
two sampled areas.
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Figure 6: Non metric dimensional scaling (NMDS) using
Bray-curtis dissimilarity

DISCUSSION AND CONCLUSION

The animal gut contains many bacterial communities with
a complex composition comprising over 500 species.
Intestinal microbes are a complex and dynamic ecosystem
that coevolves with their host (Han et al., 2020). Previous
studies have shown that gut microbiome composition may
differ among species based on, diet, environmental factors,
genetics and location (Han et al., 2020; Lee et al., 2020).
Results showed that the composition of the microbiome
did not differ between the hosts collected from the two
areas, but their abundances were varied. Proteobacteria
and Bacteroidetes were the most abundant phyla compared
to other phyla.

Findings from this study regarding the composition of
gut microbiome between P. americana and R. rattus are
similar to other previous studies, which showed similar
bacteria phyla from P. americana and R. rattus (Tinker
and Ottesen, 2016; Debebe et al., 2017; Han et al., 2020;
He et al., 2020). Other previous studies reported on the
influence of geographical location on the composition of
the gut microbiome (Goertz, Menezes, et al., 2019; Wang,
2022). Findings from this study also revealed that
geographical location could influence gut microbiome
composition as it was found that Proteobacteria and
Bacteroidetes were the most abundant phyla from hosts
collected from Kilosa district than that of Morogoro
municipal. However, there are other factors reported by

several findings which have more influence on the gut
microbiome, including species identity (host genetic), sex,
diet, gut pH, age and others (Vicente et al., 2016;
Kakumanu et al., 2018; Goertz et al., 2019; Wang, 2022;
Tinker and Ottesen, 2016; ).

Recently, there have been ongoing studies regarding
gut microbiomes since they provide insight into both
culturable and non-culturable microbiomes. As reported
by several previous studies, symbiont bacteria can be used
for pest control, several tactics including manipulation of
microbial symbionts have been documented, which results
in either minimising pest population or reducing their
chance of transmitting pathogens (Shapiro-ilan and
Gaugler, 2002; Noman et al., 2019; Pan et al., 2020). For
instance, Dillon & Dillon, 2004; Arora and Douglas, 2017
reported that symbiont microorganisms may be genetically
modified and in turn, become pathogens and induce effects
on the targeted pest. Several bacteria, including
Enterobacter species (Arora and Doglas, 2017), Klebsiella
species, Proteus species and others (Dillon and Dillon,
2004; Noman et al., 2019) were reported to be involved in
the control of various insect pests.

The microbiome diversity observed was higher for
species from Kilosa district (the rural area) compared to
that of Morogoro municipal (urban area); however, it was
not statistically supported. The variation in this diversity is
perhaps supported by the fact that in our study area, those
hosts collected from rural environments had a
heterogeneous environment compared to urban
environments. These findings are similar to other previous
studies, which also found that hosts from rural areas had
higher microbiomes compared to those from urban
environments (Aimeric et al., 2018; Gurbanov et al.,
2022). This is perhaps due to the fact that in rural areas,
there is a diversification of food materials, plus the
hygienic status of rural areas is not much improved; thus,
hosts are likely exposed to more microbes compared to a
host of the urban environment.

Findings from this study also showed the diversity
within the district sampled whereby in Morogoro
municipal, the microbiome diversity was observed to be
higher for P. americana than R. rattus; this is perhaps
because of the fact that P. americana of urban areas have
a wide range of habitats which is supported by their body
size compared to R. rattus thus enable them to consume a
wide variety of food sources (Kakumanu et al., 2018). On
the other hand, rats in Kilosa district had a higher
microbiome than cockroaches. This may be supported by
the fact that the environmental structure of rural areas
favours rats more than cockroaches; thus, rats can easily
access a wider variety of food.

This study also presents the pathogenic bacteria
carried by the host species sampled. The relative
abundance of pathogenic bacteria was high in P.
americana of Kilosa, followed by R. rattus of Morogoro
district. Some pathogenic bacteria species reported by
several previous studies to cause human and animal
diseases identified from this study include E. coli, C.
freundii and P. mirabilis. Also, other species were S.
enterica, K. pneumoneae, and C. botulinum. These
findings are similar to previous reports highlighting
pathogenic bacteria found in the gut of P. americana and
R. rattus (Kakumanu et al., 2018; He et al., 2020;
Gurbanov et al., 2022). Several studies in Tanzania have
also demonstrated that rats are potential environmental
source of zoonotic bacteria and some isolates having
multidrug straits (Kimwaga et al. 2023; Ndakidemi et al.,
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2023; Mkopi et al., 2024). This is because their biology,
behaviours, and habitats contribute to their effectiveness in
spreading diseases. These two host species have been
numerously reported to be found in indoor environments,
and various studies have reported on the potentially carry
pathogenic bacteria in their gut and external surfaces.
Thus, there is a great chance of these pathogenic bacteria
being transmitted to humans and animals through direct
contamination and faeces droppings. Controlling their
populations is crucial for preventing the spread of
infectious diseases. This includes maintaining clean
environments, proper waste management, sealing entry
points to buildings, and using appropriate pest control
methods. Additionally, public awareness and education
about the risks associated with these pests are essential for
reducing their impact on human health (Kimwaga et al.
2023; Ndakidemi et al., 2023; MKkopi et al., 2024).

Limitation of the Study

The gut microbiome composition observed from this study
focused only on the geographical area where the two host
species were collected. Other factors, such as species
genetics, diet, host parameters, and environmental
parameters, which are claimed to impose more influence
on the gut microbiome, were not assessed.

This study summarises the composition of the bacteria
microbiome between P. americana and R. rattus collected
from two districts (Morogoro municipal, which is an urban
area, and Kilosa district, which is a rural area). The
bacteria composition was more or less similar to the host
species collected from the two areas sampled. Also, the
study revealed pathogenic bacteria and symbiont bacteria.
This study suggests surveillance of these pests to minimise
outbreaks and transmission of zoonotic diseases. Since this
study did not focus on factors influencing microbiome
composition and diversity, further studies are
recommended to be conducted to see the influence of those
factors on the gut microbiome.
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ABSTRACT

Canine otitis externa (OE) is a common inflammatory disease that is
frequently complicated by secondary bacterial and/or yeast infections. The
otic microbial population is more complex than appreciated by cytological
methods and aerobic culture alone. In the present case report a dog with
recuurent OE and newly diagnosed otitis media was enrolled. Due to previous
unsuccessful treatment trials with immunosupressive agents and antibacterial
choices, with polypharmacy, we decided to perform manupilation of the
microbiome in an attempt to investigate otic microecology. For this purpose
first author gave his opinion for frontier knowledge and several years of
experience for microbiome transplantation. Given literature data regarding ear
canal microbiome among dogs with OE, is easily distinguishable to that of
healthy ones, we decided to perform otic microbiome transplantation (omT).
Microbiome samples were taken prior to and thereafter 10th days of omT,
were collected and sent to MiDOG Limited Liability Company (LLC) service
for next generation sequencing. Following omT, clinical signs were resolved
and regressed, even starting on day 3 with satisfactory results (exudate was
disappeared). Microbiome analytes showed Porphyromonas cangingivalis,
Peptoclostiridium sp., Pasteurella canis, Malassezia pachydermatis and
Aspergillus sp. with increased relative abundances, whereas no more
pathogen were evident 10 days after omT. Pathogens were switched and
substituted with new microorganisms with potential probiotic facilities.
Observed species were increased following omT [prior to omT 47 vs. after
omT as 98]. This case report for the first time, showed the efficacy of
changing microechology of otic microechology by omT. This treatment
modality would be developed by the resarcher aroup herein dedicated.

INTRODUCTION

Otitis externa (OE) and/or media, are unresolved
inflammatory recation for external ear canal and middle
ear cavity, respectively, among dogs (Doyle, 2004; de
Bellis, 2015; Koch, 2017; Pye, 2018; Bajwa, 2019;
Harvey, 2022). Altough veterinary surgeons cope with
OE, otitis media keeps its position namely a disease
condition that has been underrated in the vast majority
veterinary practices (de Bellis, 2015). Given ear canal
microbiome among dogs with OE, is easily distinguishable
to that of healthy ones (Bradley et al., 2020; Kasai et al.,
2020; Tang et al., 2020), we decided to perform otic
microbiome transplantation (omT) in a dog with recurrent
OE and newly diagnosed otitis media. Following first
authors several years experience of both fecal and skin
microbiota transplantation, he and his teammates decided
to transplate otic microbiome in an unresolved case with

several long duration of antibacterial trials and

polypharmacy.

MATERIALS AND METHODS

Case history

A 3 years old dog was referred to several different
veterinary private practices and finally the owner was
instructed to a veterinary clinic in which an academician
was in advisory board with a surgery certificate. However
at that clinic 3 different antibacterial choices were
prescribed, as was also the case in several clinics.
Previously ~ polypharmacy  included  antibiotics,
antihistaminics and immunosupressive drugs. On referral
there was bilateral exudate, rare head shaking and
decerased hearing. There was no facial nerve paralysis nor
Horner syndrome. Signs of OE were evident.
Inflammation of the ear canal was strikingly evident. Ear
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canal was nearly closed, denoting terminal staging of
inflammation. The owner also reported cutaneous adverse
food reaction for several months, in which referred
veterainary surgeons frequently offered and prescribed
diets (none of them were low glycemic index, nor low
carbohaydrates ratios).

Ethics statement

Both dogs participated at the present research study were
referred to the University of Adnan Menderes, Faculty of
Veterinary, Department of Internal Medicine. Both dogs
were subjected to physical examination. Matched
microbiome samples, 10 days apart prior to and thereafter
omT, were collected and used solely for this case report
with written owner consent. The present case report, as
part of another research/clinical trial was approved by the
local ethic committee of Aydin Adnan Menderes
University-HADYEK on October 27, 2021 with no:
64583101/2019/022.

Microbiome analytes

A total of 2 seperate cotton swab samples were taken from
middle ear, were analyzed. For sample collection, DNA
extraction, library preparation, and sequencing brief
explanation was follows. Samples were collected with
swaps that were prepared and sent previously by MiDOG
LLC service (including all neceesary instructions).
Following unboxing, aseptical sterile, DNA free swab was
handled and subjected gently to the middle ear of recipient.
Briefly twisting off and twirling the swab 2-3-times over
the ear charge and the swab tip was broken off into
previously purchased sterile, sample administration
material containing a DNA/RNA preservative, as was
previously described (Tang etal., 2020), similarly to preior
methodlogy (Ural et al., 2002; Ural et al., 2023) All
samples were then shipped for processing to the MiDOG
LLC testing center (Irvine, California). Genomic DNA
available through ZymoBIOMICS™-96 DNA kit (Cat.
No. D4304, Zymo Research Corp.) (Tang et al., 2020)
along with 16S rDNA V1-V3 region was focused against
bacterial analysis. Relative abundances regarding fungi
were detected suggesting an equivalency of one 16S rDNA
copy to one fungal ITS copy. Entire primer sequences were
ready on the MiDOG LLC Service facilities. Methodology
was previously determined (Tang et al., 2020).

Unenriched otic microbiome transplantation

This untold, entirely new technique was developed by the
first author (K.U.) for several stages of scientific
organization invoving  consideration,  planning,
preparation and application. For every single moment first
author tought like an engineer, who put measuring tape on
his shoulder. Donor was a known owner kept dog without
stress presentation, as was shown in table 1. Briefly omT
was shown in figure 1. With every stages of it. Cotton swap
was not subjected to any other condition, directly used fort
his purpose. Material was collected from the donor and
suddenly transferred to recepient.

Table 1. Stress interpretation, adopted from (Lloyd, 2017)
for dogs enrolled herein for omT.

donor  recipient

Clinical enterance 0 1
Following entrerance to practice 0 0
room at faculty

Figure 1. Otic microbiome transplantation in a dog with
recurrent otitis externa. A) preparation of cotton swap
ready for use, b) cotton swap was directed to external ear
canal and rotated for entire collection of presumably
healthy microbiome, c)material was withdrawn from
donor, d) recipient, namely a dog with recurrent otitis
externa, was just priorto otic microbiome transplantation,
e) cotton swap was directed to recipient’s external ear
canal and f) rotated for entire contact.

Assessing stress value for both donor and recipient dogs
during omT

In an attempt to analyze the stress levels of both donor and
recipeint dogs, assessment previously determined (Lloyd,
2017) was used by the reseracher team as follows.

This stress value was based on scoring from 0 [highest
friendly attraction, outgoing and mindful/concerned of
attention] to 5 [extreme presentation of stress; i., hiding,
barking, howling etc].

RESULTS

Photographic evidence of proof was shown below at
figure 2 also presenting both the donor and the recipient
(before and after omT).

Appearently healthy donor

Figure 2. Showing the donor with a healthy ear canal
(visible and easily seen/observed with an open tissue
appearance), whereas c-d) presented the recipient with
recurrent otitis externa that the ear canal is nearly be
closed, just prior to terminal stage of allergy. At the bottom
photograph recorded at 3rd day of omT. Ear canal was
visible and quite opened in contrast to referral day.
Inflammation was regressed.

Microbiome analytes

Table 2 and 3 presented all necessary data tabulated by
MiDOG LLC service located in USA. Figure 3 depicted
results of observed species belonging to microbiota
members before and after omT. Following omT Alpha
diversity was changed and new species were observed as
follows (Table 3)
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Figure 3. Depicting satisfactory results that was related to omT at ths
present case. Observed species belonging to microbiota members were
elevated from 47 to 98.

Table 2. Malassezia pachydermatis, Aspergillus sp., Acremonium hyalinulum relative abundaces were detected
as 0.2%, 0.1% and 0.0%, respectively.

Percentage Cells per sample Normal
ranges

Bacteria species detected with PriortoomT  After omT
potential clinical relevant disease

Porphyromonas cangingivalis 25% 2.2% 15.000.000 1.400.000 0-46853
Peptoclostiridium sp. 8.9% 0 5.400.000 O 0-0
Pasteurella canis 1.0% 0% 600.000 0 0-1725
Corynebacterium mastitidis 0.8% 0% 480.000 0 0-770
Truperella bernardiae 0.7% 0% 450.000 0 0-0
Fungi species detected

Malassezia pachydermatis 0.2% 17 0-22
Aspergillus sp. 0.1% 6 0-30
Acremonium hyalinulum 0.0% 2 0-0

Table 3. New fungal species that were absent prior to omT, which was existed
following omT.
New bacterial species (selected ones) observed following omT

Fusobacterium sp. 19%

(o) Fusobacteriales sp. 13%

Bacteroides plebeius 11.6%

f) Lachnospiraceae sp. 6.9%

Lachnoclostridium sp. 6.6%

Megamonas funiformis 5.2%

Streptococcus equinus-infantarius-luteiensis 4.8%

New fungal species (selected ones) observed following omT

Saccharomyces cerevisiae 21.4%

Cladosporium sp. 14.3%

(c)Eurotiomycetes sp. 7.1%

Lophodermium sp. 7.1%

Stereum complicatum 7.1%

Penicillium sp. 7.1%

Malassezia restricta 4.8%

Candida sake 4.8%
DISCUSSION AND CONCLUSION head shaking, rubbing/scratching the infected ear,
Clinical findings regarding otitis media among dogs appearent exudate within the ear canal) (Doyle, 2004;
enrolled were frequently accompany OE (shaking of Harvey, 2022; Koch, 2017, Pye, 2018). In the present
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case all aforementioned clinical signs were evident with
recurrent presentation, unresponsive to several treatment
trials of immunosuppressive and antibacterial choices.
Polypharmacy was not accepted by us, and at initial
referral with compaints of owner, whom was a teacher,
we advised and told her that ‘the past is no more
concern’. Hence we informed the owner what we tought
was ‘treat to target’ by omT. We, as reseracher group,
were luckily in that stress values for both donér and
recipient were acceptable, which prompted and
motivated us for better application. To our knowledge,
prior to transplantation procedure, veterinary surgeons
should be aware of stress value for dogs.

In a prior study hypothesized that regarding canine
OE; otic microbial echology is more compounded than
detected by cytology and aerobic culturing. In that study
30 dogs with OE compared to 10 healthy ears;
Staphylococcus spp.; Pseudomonas aeruginosa and
Malassezia spp. were isolated with Staphylococcus as
most abundant taxa (Bradley et al., 2020). Kasai et al.
(2021) investigated alterations within the ear canal
microbiota of dogs with OE. In that study ear swab
samples were taken from 23 dogs with OE and to those 10
healthy controls. 16S rRNA gene sequenced using
Illumina MiSeq and next generation sequencing revealed
that otic microbiota in diseased ones exhibited
significantly decreased alpha diversity. Elevated relative
abundance of the genus Staphylococcus along with other
relevant ones suggested that ear canal microbiota of dogs
with OE was differing from healthy ones (Kasai et al.,
2021). Relatively novel research identified microbiome of
healthy/diseased canine ear samples. Out of 589 canine
samples, 257 ear swab samples (128 healthy vs. 129
clinically affected) were subjected to next-generation
sequencing. According to the results of that research
overall loss of microbial diversity and altered
relative/absolute abundances of bacteria and fungi were
evident in diseased dogs. In comparison to healthy dogs,
78.3% of the diseased ear samples existed microbial
overgrowth [i.e. 69.8% bacterial overgrowth, 16.3%
fungal overgrowth, and 7.0% both with bacterial/fungal
overgrowth]. Within the vast majority taxa enriched in
diseased ears were Staphylococcus pseudintermedius,
Staphylococcus schleiferi, Malassezia pachydermatis
along with Finegoldia magna, Peptostreptococcus canis,
and Porphyromonas cangingivalis (Tang et al 2020). In
the present article altough only 1 case was involved, same
methodlogy was evident by MiDOG LLC testing center
(Irvine, California), denoted as next-generation
sequencing. In the present case, reported herein
Porphyromonas cangingivalis, Peptoclostiridium sp.,
Pasteurella canis were the most abundant bacterial species
with relative abundaces of 25, 8.9 and 1%, respectively.
On the other hand mycobiome revealed Malassezia
pachydermatis, Aspergillus sp., Acremonium hyalinulum
with relative abundaces of 0.2, 0.1 and 0.0%, respectively.
Afterwards omT resulted with observed species increased
from 47 to 98, as was shown in figure 3. Similar results
were deemed available at our case report and research by
Tang et al. (2020), in which following omT pathogen
bacteria and fungal species were lost, indicating the
efficacy of omT.

Regarding the significance and impact of this case
report, for the first time omT was applied at veterinary
field, alongwith comperative analyses of the otic
microbiota, might provide practical strategy for battling

OE and media and provide supportive data for the
appropriate treatment of otitis among dogs
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ABSTRACT

Endotracheal intubation is a common procedure performed during anesthesia
in cats. This report describes the diagnosis and treatment of iatrogenic tracheal
rupture following a dental scaling of a 4-year-old, female, neutered Scottish
Fold cat. Respiratory distress, subcutaneous emphysema and excessive air
under the skin in the cervical and head regions were noted on physical and
radiographic examination, respectively. The tracheal rupture was successfully
repaired using simple interrupted sutures.

INTRODUCTION

Various factors contributing to tracheal ruptures in cats
have been discussed in the veterinary literature. Dog bites
and motor vehicle accidents are the most common causes
of tracheal rupture. Tracheal ruptures associated with
intubation in cats have been rarely reported (Fenet et al.,
2022). Intubation-related traumatic tracheal injuries can
range from minor lacerations to complete ruptures, with
the latter causing life-threatening respiratory distress.
Partial or small ruptures may present with clinical
symptoms such as subcutaneous emphysema and
pneumomediastinum, which can be managed with medical
treatment (Fenet et al., 2022).

Surgical and medical treatment of tracheal injuries
varies depending on the size of the lesion and the severity
of clinical symptoms. In the case that the tracheal injury is
minor and presents with mild clinical symptoms,
conservative medical therapy may be indicated.
Conversely, in cases where the rupture is extensive and
associated with severe clinical signs, surgical intervention
is typically necessitated. The medical treatment regimen
includes vigilant monitoring of respiratory rate and effort,
enforcement of strict rest within a confined environment,
and supplemental oxygen. Additionally, the administration

of sedatives might be considered. Subcutaneous
emphysema can be detected via palpation in the cervical
region. It is noteworthy that while only mild clinical signs
may be evident initially in cases involving tracheal
rupture, there exists a potential for acute clinical
deterioration within a matter of days (White and Milner,
1995).

MATERIALS AND METHODS

This case report presents a 4-year-old, 3.5 kg neutered
female Scottish Fold cat, that was referred to Kirikkale
University Veterinary Faculty Hospital because its
breathing worsened after dental scaling procedure under
general anesthesia. According to the information we
received about the patient’s previous situation, clinical
examination and hematological parameters were within
normal limits before the dental scaling procedure. For
dental cleaning procedure, 0.2 mg/kg butorphanol
(Butomidor, Richerpharma ag, Austria), 20 p/kg
medetomidine (Domitor, Orion pharma, Finland) and
intermittent bolus of propofol (Propofol 2% Fresenius;
Fresenius Kabi, Austria) was administered. Atipamezole
(Antisedan, Orion pharma, Finland) was administered at
the end of the procedure to antagonize medetomidine. It
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was extubated when a cough reflex was observed.
Subsequent to the procedure, the initial clinical sign
observed was swelling of the cat's head and cervical
region. The animal was subsequently transferred to our
facility upon the onset of open-mouth breathing, an
occurrence which persisted despite the provision of
supplemental oxygen. In the clinical examination,
crepitation was observed on palpation of the head and
cervical region, and emphysema was observed in the
radiographic image (Figure 1).
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Figure 1. L/L radiographic images of subcutaneous
emphysema formation in the cervical and cranial regions
taken in the preoperative period.

0.2 mg/kg butorphanol (Butomidor, Richerpharma ag,
Austria) and propofol (Propofol 2% Fresenius; Fresenius
Kabi, Austria) were administered to the patient for the
surgical procedure. Lidocaine spray (Xylocaine,
AstraZeneca, India) was applied to the larynx for
desensitization. Intraoral examination revealed no
pathological findings in the larynx region, and the patient
was easily intubated and connected to an inhalation device
for isofluorane administration (I1zofloran, Adeka, Turkey).
After the patient's cervical region was shaved, the patient
was placed in the dorsal recumbency and a ventral cervical
midline incision was performed. After the trachea was
exposed, the area was filled with sterile saline to determine
the exact location of the tear. The endotracheal tube cuff
was deflated, and positive pressure ventilation was
administered while monitoring bubble egress. Following
aspiration of the administered fluid, the size and location
of the lesion were determined (Figure 2).

Figure 2. Intraoperative view of tracheal rupture.

The tear was identified dorsally along the trachea,
extending longitudinally over an approximate length of 3
cm. As the tear was longitudinal, no tracheal ring resection

was performed; instead, it was repaired using simple
interrupted sutures with 4-0 polydiaxanone (PDSII;
Ethicon). Subsequently, warm sterile saline was
reintroduced into the area, and air bubble formation was
monitored to check for leaks. Finally, the surgical site was
closed using a standard technique. After the end of surgery
subcutaneous air was aspirated by the needle.

RESULTS

The cat's breathing improved after the operation and
recovered without any complications. On the 10th
postoperative day, radiological examination revealed that
most of the subcutaneous emphysema had resolved. The
patient was discharged with full recovery (Figure 3a and
3b).

Figure 3. L/L (A) and V/D (B) radiographic images
showing resorption of subcutaneous emphysema in the
cervical and submandibular region on the postoperative
10th day.

DISCUSSION AND CONCLUSION

The reported rate of tracheal rupture in cats is very low.
Repositioning of the tube without cuff deflation or
movement of the patient with the cuff inflated are the two
most common risk factors of the rupture in cats.
Overinflation of the cuff, traumatic intubation with stylet,
type of endotracheal tube are the other related causes
(Michell et al 2000; Cabell Shannon, 2013). Tracheal
rupture is most often a non-letal injury, and medical
treatment including strict cage rest and oxygen support is
usually successful. Cases that do not respond to
conservative treatment should be treated surgically
(Bhandal and Kuzma, 2008). In this case, surgical
treatment was planned due to onset of clinical symptoms
shortly after extubation and worsening respiratory distress
despite oxygen therapy.

Itis advisable to disconnect the endotracheal tube from
the anesthetic circuit when repositioning an animal during
a dental procedure to avoid potential tracheal disruption
due to rotation of the tube and cuff (Mitchell S. L. et al.,
2000). In this case, referring veterinarian reported that the
was not connected to the anesthesia device. Possible
explanations of the tracheal rupture for this cat can be
overinflation of the endotracheal tube cuff or excessive
movement of the head during dental cleaning cause the
cuff damage the trachea.

Endotracheal intubation in cats requires knowledge
and experience. This procedure should only be attempted
if jaw tone is lost after induction of anesthesia. If the
procedures performed inappropriately it can cause a
swallowing reflex and intubation will be more difficult.
Cats are exhibit laryngospasm if forced during intubation,
making the procedure relatively challenging compared to
other pets. Local anesthetic may be used to reduce the
incidence of laryngospasm and facilitate endotracheal tube
placement. Direct laryngoscopy is useful and allows
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observation of movement of the arytenoids so that
intubation attempts can be made during inspiration.
Confirming tube position via direct laryngoscopy is
essential. Failure to adhere to these practices can
contribute to tracheal trauma and increase the risk of
tracheal rupture (Hofmeister et al., 2007). According to the
patient history, lidocaine was not applied to the cat's larynx
before intubation, and coughing occurred upon initial
insertion. This may have caused the cuff to move inside
due to cough and potentially contributing to rupture risk.
Transferring veterinarian mentioned that 3.5 size
polyvinyl chloride (PVC) high- volume low-pressure
intubation tube was used in this patient. The rigid and
inflexible structure of PVC intubation tubes may have
facilitated damage. Silicone rubber or armored
endotracheal tubes, which tend to be less stiff, may reduce
damage occurrence. However, both types of endotracheal
tubes are flexible. Endotracheal tubes can be used with a
stylet to increase rigidity, but should be used with caution
to prevent upper airway damage (Marty-Ane et al., 1995;
Mitchell et al., 2000; Hofmeister et al., 2007).

The main clinical signs of tracheal rupture include
subcutaneous emphysema, dyspnea, tachypnea, anorexia,
cough, lethargy, respiratory stridor, exercise intolerance,
cyanosis, vomiting, dehydration, hemoptysis, depression,
muffle heart sounds (Berkwitt and Berzon, 1985; Mitchell
et al 2000; Bhandal and Kuzma, 2008). The diagnosis of
rupture was made based on the worsening of respiration,
palpable crepitus in the head and neck region,
subcutaneous emphysema observed on radiographs, and
the onset of open-mouth breathing after awakening from
anesthesia in this case.

Tracheal rupture in cats occurs most frequently in the
extrathoracic trachea (Bhandal and Kuzma, 2008), less
frequently in the intrathoracic trachea, and rarely in the
bronchi (White and Oakley, 2001). Radiographic findings
associated with cervical or intrathoracic tracheal rupture
include subcutaneous emphysema, pneumomediastinum,
pneumoretroperitoneum, hyperinflated lung fields, gas-
filled pseudoairway at the rupture site, focal narrowing of
the tracheal lumen, and pneumothorax (Bhandal and
Kuzma, 2008). When these findings were recorded in
intubated cats, immediate radiography is warranted to
confirm the diagnosis, and it is concluded that radiography
is sufficient for diagnosis. Since the emphysema was
recorded in the head and neck regions and no
pneumothorax or pneumomediastinum was observed in
radiologic examination, it was thought that the tear was in
the cervical region.

In conclusion, it was thought that if respiratory
deterioration is observed after extubation of the intubated
cats, tracheal rupture should be considered, and if clinical
symptoms are very severe, surgical treatment should be the
first option to repair the tracheal rupture.
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ABSTRACT

Livestock industry has an indispensable position in providing a source of
protein for humans. It is vital for the future of humanity to produce healthy
animal products for the needs of the increasing world population and to offer
them for consumption day by day. However, so as to meet the request of
animal products rapidly, industrialization has been increased by developing
mass production methods, these changes in the sector have worried by some
consumers and reservations have even increased with disinformation.
Depending on this possible food safety and public health concern, people have
become conscious of nutrition with natural products in progress of time and
new searches have been embarked. On the other hand, due to the prohibition
of the inclusion of antibiotics as feed additives in animal nutrition diets,
alternative feed additives to antibiotics have been researched in order to
increase performance and eliminate diseases. The fact that the quality and
health of products such as meat, milk, eggs obtained from livestock are
directly related to nutrition provides a better understanding of the value of
feed and feed additives. Indeed, it is seen that the popularity of honey bee
product bee bread, which has been known to be used as a curative product
since ancient times, has increased in recent years in treatment with bee
products called apitherapy. Concordantly, the use of bee bread as an
alternative feed additive in animal health and nutrition has become
increasingly common in recent years. In this review, it is aimed to give
information about the possibility of using bee bread (perga), which has been
shown by scientific studies to be natural and rich ingredient, as an alternative
feed additive in poultry nutrition.

INTRODUCTION

The use of natural additives in nutrition is gaining
importance in animals as well as in human beings due to
increase for the demand of chicken meat and eggs from
animal foods and the awareness of healthy nutrition in
recent years. Although it is known that bee products,
which are natural additives, have been being used to
improve human, animal and plant health since ancient
civilizations, it is seen that their value has increased even
more nowadays. The treatment method made with
medicinal products such as honey, bee pollen, propolis,
bee bread, bee venom, royal jelly and beeswax, which are
the products of the honey bee (Apis Mellifera L.), is called
“Apitherapy” in the medical literature. Apitherapy, which
has accerelated since 2014, is a traditional practice that

supports and complements medical treatment in human
medicine. These bee products, which are known to have
many rich properties such as antioxidant, antibacterial,
antiviral, antifungal, anticarcinogenic, antirheumatic,
antitumoral, antiallergic, immunomodulator,
hepatoprotective, are also very important resources for
animal health and nutrition as well as human health. As it
is known, with the prohibition of antibiotics use as feed
additives in many countries in 2006, research on the using
of alternative natural feed additives has become
widespread. In this context, various studies are carried out
on different application forms, doses and mixtures for the
using of bee products in agriculture and food sectors
depending on the increase in the reliabilitiy of bee
products. In studies with bee products, it is seen that it has
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positive effects on performance by increasing the appetite,
live weight gain and feed efficiency of animals, and also
provides great contributions in terms of health. In this
review, studies on the use of bee bread (perga) as an
alternative feed additive in poultry nutrition, which has a
very special place among bee products, but is generally
confused with bee pollen and whose value is still not
understood enough were evaluated.

Poultry Digestive System and Nutrition

High performing and economical poultry production starts
with understanding the nutritional characteristics of the
animal, planning a diet suitable for production aspects and
characteristics, and having in-depth knowledge of the
animal's digestive system and physiology (Kutlu et al.,
2005). The digestive system of poultry, which is in the
category of granivores (or omnivores) in terms of
nutritional characteristics, is quite different from the
digestive system of ruminants and more resembles that of
reptiles. Poultry animals do not have teeth and their
digestive system consists of mouth, crop, stomach,
gizzard, small intestine and large intestine (Kutlu, 2015).
Even though their digestive systems are shorter than other
animals, they have crops and gizzards. It is also striking
that there are two large cecum in the digestive system.
Poultry with different anatomy and nutrition among other
farm animals are animals with higher metabolic rates and
energy requirements due to their body temperature of
average 41 °C (Cetingiil et al., 2018). Poultry animals are
more affected by stress factors because of their high
metabolic activity (Ozdogan and Sar1, 2001). The fact that
the diets of these animals, on which a concentrated feeding
program is applied, contain easily digestible, abundant and
various nutrients is due to these different characteristics
(Cetingiil et al., 2018). Digestion and absorption events are
the whole of digestive events that are affected by the
anatomical structure of the digestive system as well as the
structure of basic nutrients such as water, electrolytes,
proteins, carbohydrates, fats, minerals and vitamins in the
chemistry of the feed taken. On the other hand, benefiting
from a feed whose chemical content is known depends on
the efficiency of the digestion of the feed, the mechanical
and enzymatic breakdown in the digestive system, the rate
of intestinal transit and absorption, and the activation of
the intestinal microbiome (Kutlu, 2015). Poultry intestines
have a complex and energetic structure which mostly made
up of bacteria and called the microbiome (Diker and Kaya,
2015). The microbiome provides many affirmative
impacts on the host, acts as a protective barrier versus
transient bacteria, assists in nourishment breakdown and
energy gain from the meal, supplies nutritional
intermediates for enterocytes, and plays an effective role
in  modulating host immunity (Ackerman, 2017).
Commensal or pathogenic bacteria in the microbiome are
influenced by host elements as well as basal diet and
additives (Diker and Kaya, 2015). Thanks to various
additives added to the feed, the number of bacteria in the
microbiome can be changed in the direction of commensal
bacteria, and healthy animals can be raised by increasing
the feed efficiency (Sen, 2018).

Feed Additives and Alternative Solutions

Modern poultry farms are jammed and stressful
environments at the present time. Even the smallest yield
increases in such production areas can bring enormous
economic benefits to the herd. For this reason, so as to
achieve high productivity and profitability, it is necessary

to provide maximum benefit from the feed as well as to
protect animal health. Adding and using feed additives to
the diet serves to maximize benfits and improve animal
health (Kocabagli and Alp, 2015). The improvements,
expectations and strategies in recent years have created
changes in the use of growth promoting substances
supplemented to the diet. One of these is the forbidden of
using antibiotics for feed additives, and the other is the
common using enzymes that increase the nutritional value
of feed raw materials and reduce cost of feed (Ravindran,
2012). The determination of the harmful effects of
antibiotics and hormones now encourages countries to
protect human life and health at the highest level, so directs
them to regulatory steps that take into account animal
health and welfare, plant health and the environment.
Considering that the consumption of organic and natural
products for a healthy lifestyle is an unavoidable reality,
increasing productivity without having a negative impact
on human and animal health will affect both our health and
the livestock work economy. In this context, considering
the intense global search for alternative additives, it is
necessary to explore whether these additives can be used
as environmentally friendly additives (Oztiirk, 2009).
Decreasing supply and ever-increasing raw material prices
will make more pressure for getting per unit energy and
nutrients from feed ingredients. Accordingly, a series of
additives are supposed to play an increasingly important
role (Ravindran, 2012).

It is seen in studies that mostly aromatic plants,
probiotics, prebiotics, essential oils, organic acids, toxin
binders and enzymes are tested as alternative feed
additives. Besides it is also known that natural bee
products have been used to improve human, animal and
plant health since ancient times. Researches conducted in
the last few years indicate that bee products whose use in
human life (apitherapy) has increased, can be an
alternative natural feed additive for emphasized in terms
of both animal health and growth factors in the veterinary
field (Topal et al., 2015).

Beekeeping and Bee Products

Beekeeping is a profession that produces goods such as
honey, propolis, royal jelly, pollen, bee venom and living
things such as queen, pack and cluster by using bees, plants
and intensive labor for the purpose of health, nutrition,
protection and treatment since the birth of human beings
(Firathi et al., 2000). Beekeeping provides income,
employment and healthy nutrition opportunities for rural
populations in developing countries. Because of these
qualities, beekeeping has a special place in animal
husbandry and bee products which are food of animal
origin are undoubtedly precious for human’s health and
diet (Burucu and Giilse Bal, 2017). Tiirkiye is a country
with great potential for beekeeping because of its different
natural and climatic conditions, millions of hives, rich
lands, and genetic diversity of plant and bee species.
Beekeeping which has made rapid progress in Tiirkiye as
in other countries of the world is a rather particular field of
activity that ensures the balance of nature and the
sustainability and productivity of agriculture. The main
factors in bee breeding and production are climatic
conditions, geographical structure and honey vegetation,
and the presence of 75% of the currently seen honey plant
species and varieties in Tiirkiye is an enormous source of
natural wealth (Sirali, 2010). Bee products like bee pollen,
bee bread, honey, propolis, royal jelly, bee venom obtained
from beekeeping activities have antimicrobial,
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antioxidant, anticarcinogen, immune system stimulant etc.
qualifications has been wused for many vyears
(Premratanachai and Chanchao, 2014). Increasing
awareness of natural nutrition in recent years has led to an
increase in the attractiveness of the mentioned bee
products. Consumers are increasingly showing interest in
superfoods and functional foods on account of their great
nutritional value as well as their ability to raise and
improve human health and well-being. While there is no
question that bee pollen and bee bread qualify as
superfoods. However, more thorough investigation is still
required before bee pollen and bee bread can be used as
resources of antimicrobials in clinical exercise and make
health assertions (Didaras et al., 2020). There is a
requirement to increase the quantity and quality of
scientific research supported by the sector for the
identification, production, processing and use of bee
products in terms of animal health. Using bee products will
undoubtedly lead to healthier animal production (Topal et
al., 2015).

Chemical Structure and Biological Benefits of Bee
Bread

The realm of medicine advocates using as few drugs as
possible so that pathogenic microorganisms are less likely
to develop resistance. One of the best options in this regard
are natural foods that contain life-threatening substances
for these microorganisms. One of them is bee bread
(perga) whose value is not yet understood enough
(Karaman et al., 2016). Bees need food in order to continue
their lives, and they meet this directly from pollen and
nectar in nature. While bees use nectar to procure their
carbohydrate and energy needs, pollen is used to procure
their protein, vitamin and lipid needs. Worker bees need a
food which has especially characteristics of a winter food
source that has a higher nutritive protein and lipid value
than pollen. They produce this food namely bee bread by
combining pollen they collect from nature with their own
secretions and undergoing a series of biochemical changes
(Silici, 2015). This bee bread which is the most basic food
for the baby bees and the queen bee meets the first
nutritional needs of the baby bees for five days after the
pupa period, therefore, it is also called "Bee Baby Food"
(Karaman et al., 2017). Bee bread is actually a little-known
bee product that is often confused with pollen. Bee bread,
the main ingredient of which is pollen and known as
“Perga” abroad, is a hive product in the form of fresh
pollen mixed with nectar and bee secretions, fermented
naturally through different chemical processes depending
on the effect of certain enzymes, microorganisms, yeasts,
humidity and temperature, and stored in honeycomb cells
(Karaman et al., 2016; Karaman et al., 2017; Detry et al.,
2020; Karlidag et al., 2021). Little is also known about
how the fermentation process acts on bee pollen
ingredients when producing bee bread, and in particular
with regard to phenolics, which are the main components
of such bee products. There is still necessity for research
relating pharmacological ingredients with their
mechanisms of action to prove the effectiveness of these
nutritionally and medically important bee products (Baky
et al., 2023). As far as is reported that due to the presence
of lactic acid that provides fermentation, it’s acidity rate is
higher than pollen and its pH is between 3.8-4.3. Since the
pollen walls, which cannot be destroyed by gastrointestinal
fluids, are partially destroyed during the fermentation of
bee bread, the energy bioavailability and functionality of
bee bread is better than bee pollen with rich content

(Campos et al., 1997; Fatrcova-Sramkova et al., 2010).
Lactobacillus and Bifidobacterium bacteria which are the
most important representatives of lactic acid bacteria
widely used as probiotics in human and animal health were
isolated from digestive system of honey bees, bee bread
and pollen. Lactobacillus was the dominant bacteria of
90.9% of all bacteria in honey, 74.6% in pollen, 83.9% in
bee bread and 93.3% in royal jelly (Asama et al., 2015).
Bee bread stored in honeycomb cells is fixed to the hive
with honey and beeswax (Barene et al., 2014; Zuluaga et
al., 2015). The moisture content of bee bread may decrease
to 13-14% depending on post-harvest drying (Mutsaers et
al., 2005). Bee bread, which is a product resulting from the
lactic acid fermentation of pollen collected by bees from
different plant sources, ordinarily contains carbohydrates,
proteins, amino acids, fatty acids, organic acids, enzymes,
vitamins, phenolic compounds, minerals, phytochemicals,
carotenoids and volatiles (Baky et al., 2023; Simsek et al.,
2023). The chemical composition of bee bread may vary
based on botanical, geographical and seasonal origin. The
chemical and fatty acid composition of five citrus bee
bread samples obtained from various geographical regions
in Tiirkiye were examined, and the ash content was found
between 1.86-2.4%, moisture 11.0-16.4%, protein 18.6-
21.6% and fat 7.0-13.4%. Palmitic, arachidic, oleic,
stearic, erucic, linoleic, and eicosinoic acids were the most
common acids in all samples, and a total of 37 fatty acids
(FA) were identified. The ratios of unsaturated and
saturated fatty acids varied between 1.28 and 2.23. This
result showed that citrus bee bread is a good source of
unsaturated fatty acids (Kaplan et al., 2019). Ceksteryté et
al. (2008) determined 24 fatty acids in bee bread collected
in spring and summer, subsequently reported that the most
common unsaturated fatty acids were arachidonic and
oleic acids. Although polyunsaturated fatty acids (PUFA)
such as Alpha-linolenic (ALA), Eicosapentaenoic (EPA)
and Docosahexaenoic (DHA) are essential in the human
diet, the human body cannot synthesize these acids in the
digestive system (Maclean et al., 2004). Studies on the
beneficial effects of unsaturated fatty acids in humans have
been reported that ethyl esters of DHA and EPA reduce the
level of triglycerides in serum (Von Schacky and Harris,
2007). It has been stated that DHA and EPA which reduce
triglyceride and cholesterol in the blood, have anti-
inflammatory, cardioprotective, antiarrhythmic and
antithrombotic effects due to these abilities (Artemis and
Simopoulos, 2004). As it can be seen from the existing
literature studies, bee pollen and bee bread are excellent
sources of polyunsaturated fatty acids (PUFA) which are
very valuable for human dietary and cannot be produced
by the body. Bee bread which has a different chemical
composition compared to plant pollen (Silici, 2015)
contains simple sugars, amino acids, a wide variety of
vitamins and minerals, enzymes and plant hormones in its
basic structure apart from fatty acids. About 20-22%
protein, 1.6% fat, 24-35% carbohydrate, 35% sugar,
2.43% mineral, 1.6% lipid and 3.5% lactic acid are all
present in bee bread (Bildir et al., 2022). In addition to
essential amino acids that the human body cannot
biosynthesize, there are proteins, vitamins such as C, B,
B2, E, H, P, nicotinic acid, folic acid, pantothenic acid,
pigments, enzymes such as sucrose, amylase, phosphatase,
flavonoids, carotenoids and hormones. These complexes
are extremely effective and beneficial for the body's
immune system (Haydak and Vivino, 1950; Isidorov et al.,
2009). Bee bread proteins containing less protein than bee
pollen are easier to digest. Bee bread contains six times
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more lactic acid than bee pollen. This feature ensures its
own structure preserved and not yeast growth exposed as
in pollen. Moreover, bee bread which has better taste
qualities compared to bee pollen is easily absorbed through
the body (Mutsaers et al., 2005). Bee bread’s biological
active compounds content such as isorhamnetin, apigenin,
kaempferol, two forms of quercetin, p-coumaric were
carried out by means of high performance liquid
chromatography (HPLC) and gas chromatography-mass
spectrometry (GC-MS) analysis methods (Baltrusaityté et
al., 2007b; Isidorov et al., 2009). In addition to previously
referred compounds, Isidorov et al. (2009) identified little
amount of chrysin and naringenin, ferulic and caffeic
acids. Similarly, Markiewicz-Zukowska et al. (2013)
identified small amounts of phenol compounds such as
kaempferol and apigenin, Tavdidishvili et al. (2014)
identified quercetin, naringin and rutin as 20% of the total
flavonoids in Georgian bee bread, Suleiman et al. (2021)
identified totally nine phenolic compounds including
phenolic acids such as trans-ferulic acid, gallic acid,
caffeic acid, trans 3-hydroxycinnamic acid, caffeic acid, 2-
hydroxycinnamic acid, and including flavonoids such as
mangiferin, quercetin, apigenin, kaempferol via HPLC
analysis method. On the other hand, Hryniewicka et al.
(2016) determined lipophilic antioxidants such as
coenzyme Q10 and a-tocopherol which play essential
regulatory and metabolic functions in each cell of living
organisms. It has been showed that bee pollen and bee
bread of diverse botanic origins have different properties
and their antioxidant limit are more linked with certain
flavone and phenolic profiles rather than amount of entire
flavones (Almaraz-Abarca et al., 2004). Therefore,
flavonoids can severely represent as biochemical
identifiers of the spesific plant origins (Ceksteryté et al.,
2016). There have been various publications and reviews
addressing methodological studies and extraction
techniques on the chemical structure of beekeeping
products such as honey, bee pollen and propolis in recent
times (Gémez-Caravaca et al., 2006; Sulaiman et al., 2011;
Da Silva Frozza et al., 2013; Markiewicz-Zukowska et al.
2012; Mohdaly et al., 2015). However, the chemical
composition and antioxidant profile of bee bread samples
have still not been sufficiently determined and examined
homogeneously. Nevertheless, studies have clearly shown
so far that bee bread is characterized by different structure,
richer chemical composition, higher nutritional value and
better digestibility than pollen (Andelkovi¢ et al., 2012;
Habryka et al., 2016). Although research on bee bread has
been quite limited so far (Didaras et al., 2020), there has
been an increasing attention in the antimicrobial properties
of bee pollen and bee bread in recent years since
antimicrobial resistance emerging by pathogens. Bee
pollen or bee bread have been shown to own
hepatoprotective, immunomodulatory, anti-radiation,
adaptogenic (Bogdanov, 2015), antibacterial
(Baltrusaityté et al.,, 2007a; Abouda et al., 2011),
antioxidant (Nagai et al., 2004; Zuluaga et al., 2015;
Tomés et al., 2017), antitumoral (Markiewicz-Zukowska
et al., 2013; Sobral et al., 2017), anti-inflammatory,
antidiyabetic, antiobestic, anticancer (Aylanc et al., 2021)
characteristics in in vitro and in vivo studies. Bee bread
can be used more in the future not only in medicine and
pharmacology, but also in the food industry and nutrition.
Further studies are required to confirm its chemical
composition and biological beneficts, and in vivo tests to
evaluate the bioactive components and digestibility
properties stabily (Markiewicz-Zukowska et al., 2013;

Ivanisova et al., 2015). In summary, with developing
analysis techniques, the value of every bee product,
notably bee bread, will increase day by day as it is better
researched and discovered (Angil et al, 2023).
Researches on bee products show so far that they can be
used not only for humans but also for producing natural
animal foods and treating animals. The possibility of using
bee products in poultry has shed light on many studies and
created opportunities for new ones (Akin and Celen,
2019).

Use of Bee Bread in Poultry Nutrition

In a study conducted by Awad et al. (2013), the
supplementation of bee bread at levels of 0.5, 1.0, 1.5 g/kg
to the diets of experimental groups consisting of local
Sinai hens during laying period (24-47 weeks), it was
reported that bee bread can be used in the diet up to 1.5
g/kg as a growth supporter and natural antioxidant in order
to improve egg performance, egg quality, hatchability,
nutrient digestibility without negative effects on the
economic efficiency and viability. Arafa et al. (2016),
similar to previous study on laying hens, supplemented
different proportions of bee bread, bee pollen and their
mixtures as antioxidants to the diet of laying period (27-44
weeks). According to results of the study, it was recorded
that 0.2 % bee bread, 0.15 % bee bread, 0.1 % bee pollen,
0.1 % bee bread ratios can be used to improve production
performance, nutritional egg quality and welfare in Hy-
line hens. Fahim (2018) also examined semen quality and
fertilizing ability of Sinai cocks with the supplementation
as natural feed additive bee bread to the diet. During the
experiment (24-40 weeks of age), it was supplemented 0.5,
1.00, 1.50 g/kg to the diet of Sinai cocks and reported that
bee bread supplementation up to 1.5 g/kg to cock diet had
positive effects on sperm quality, reproductive
performance and hatchability of Sinai cocks.

Pavelkova et al. (2020) observed that the use of 2, 4, 6
mg/kg bee bread powder to the diets of Japanese quails
during 56-day feeding period had no positive impact on the
meat performance. They hence suggested that extra
alternative solutions to their application dose should be
tested for poultry species including quails. In another study
conducted on quails, Hanusova et al. (2021) stated that the
addition of bee bread of 2, 4, 6 g/kg into the diets of
Japanese quails during laying period (15-27 weeks)
positively affected the laying indicators concerning egg
quality. However, it was pointed out that the weight of
seperately egg albumen and yolk as well as the total egg
was meaningfully affected by the age of the quail.

CONCLUSION

Tirkiye, which is already in good condition in poultry
production, is even rich in bee breeding and production of
bee products. Despite this situation, let alone the use of
other bee products other than honey in apitherapy studies,
even their production has unfortunately not reached the
desired level. Nowadays, the importance of healthy and
natural nutrition is increasing day by day. More original
research is needed on the production and consumption of
residue-free bee products and their use in medicine,
veterinary and animal husbandry in Tirkiye. Thus, it will
be possible to benefit more from natural bee products that
are affordable, healthy and have no adverse effects (Topal
et al., 2015). In conclusion, Although it is seen that there
are positive effects of bee bread in the literature reviews
on the effect on poultry animals regarding both its
numerous chemical components and its high bioactive
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usefulness, the available information is limited. It is
thought that there are not enough studies on poultry
nutrition based in bee bread, therefore, new scientific
studies supporting previous similiar studies should be
conducted in a row and the use of bee bread as an
alternative natural feed additive should be clarified for
poultry. It had better not forget that the bee bread added to
the poultry diet is pure, natural and fresh, as well as the
amount, form and duration of use are of great importance
in obtaining the highest benefit.
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