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Abstract
Elucidation of the distinctive microbial taxonomic profiles of tropical fruit peels is the indispensable component of investigations
aimed at the detection of microorganisms responsible for the post-harvest loss. The objective of the present work was to dissect
the bacterial and fungal community of five tropical fruit peels (banana, guava, mango, papaya, and passion fruit) in wild (non-
cultivated) and conventionally produced samples from Brazil. To that end, 16S rRNA–encoding gene and ITS rDNA amplicon
analysis of the five tropical fruit peels were performed to discriminate the bacterial and fungal communities, respectively. The
result showed that bacterial communities of the five types of fruit peels were by far more diversified than that of fungal
communities, independent of the type of production system involved. Among the investigated fruits, non-cultivated papaya
peels hosted the most diversified bacterial community while the least bacterial community diversity was found in the conven-
tionally produced papaya fruit peels. The gene amplicon analysis clearly discriminated the bacterial community into their
respective classes, while fungal communities were better classified in their phyla, yet with clearer component discrimination
of fungal community based on the type of cultivation system practiced. Conventionally produced banana and non-cultivated
passion fruit peels were characteristically dominated by fungal and bacterial groups, respectively. Overall, in conventionally
produced fruit peels, bacterial community was mainly composed of Proteobacteria, Actinobacteria, and Bacilli. The result
provided a broad microbial diversity profile that could be used as an important input for seeking alternative fruit spoilage control
and post-harvest treatments.
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Introduction

Tropical fruits are indisputably the most popular fruits con-
sumed around the world. Banana (Musa acuminate), guava
(Psidium guajava), mango (Mangifera indica), papaya
(Carica papaya), and passion fruit (Passiflora edulis) are
some of the tropical fruits making the top list destined for
export and/or domestically consumed in countries in the tro-
pics [1]. As fruit peels harbor diverse populations of microor-
ganisms, tropical fruit post-harvest diseases such as
anthracnosis pose serious problems to perishable fruits des-
tined for exportation [2, 3]. Despite the increasingly striving
modern post-harvest management technologies, post-harvest
diseases are, however, still responsible for a reasonable yield
loss of tropical fruits. Studies of disease prevalence and the
extent of yield loss of conventional and non-cultivated fruits
due to post-harvest diseases, on the other hand, have immense
importance in deciphering economically important microbes.
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Secondary metabolites in the fruit peels contribute to fruit
texture, quality, and storage [4], and in fact, fruit peels host
different kinds of epiphytic and endophytic microorganisms
[5]. Therefore, studies involving microbial diversity profiling
and downstream identification of species of significant agri-
cultural and medical importance (among the others) have
enormous research interest. Furthermore, investigation of the
dynamics of natural microbiota in fruit peels could be consid-
ered as one of the convenient strategies to unveil the fruit
microbial community, as peel microbial colonization is easily
detectable compared with systemic infections.

Unlike non-cultivated fruits (grown wild, with no hu-
man intervention), cultivation of conventionally produced
fruits depends on the intensive application of chemical
pesticides (such as fungicides) to prevent post-harvest loss
mainly due to bacterial and fungal contaminations. Most
of the fruit microbial diversity studies conducted so far
are focused on the identification and screening of some
specific microbial species colonizing conventionally pro-
duced fruits. On the other hand, gene amplicon analysis of
microbial diversity colonizing fruit peels from conven-
tionally and non-conventionally cultivated samples would
provide a broad and rigorous understanding of fruit peel
microbial communities for best post-harvest disease man-
agement practices. Furthermore, natural microbiota profil-
ing of fruit peels provides detailed insights to establish the
diversity and relative abundance of different microbial
communities colonizing non-cultivated and conventional-
ly produced fruit peels. Compared to non-cultivated fruits,
the incidence of pathogen infestation and eventual loss of
yield due to post-harvest disease is pervasively evident
and demandingly appealing further studies in convention-
al fruit production. Equally important is the taxonomic
identification of bacterial communities associated with
fungal species strongly linked to fruit spoilage, which is
poorly understood or scantily explored.

To unveil the molecular fingerprint of fruit peel micro-
bial community, gene analysis is the most reliable and has
been an increasingly applied tool in such endeavors of
taxonomic profiling. As bacteria and fungi are the two
major components of fruit peel microbiota, 16S rRNA
encoding gene [6] and rDNA internal transcribed spacer
(ITS) [7] DNA region are the most commonly used mo-
lecular fingerprints to differentiate bacterial and fungal
taxa, respectively. Besides, the gene amplicon analysis
of fruit peel microbiota in conventionally cultivated fruits
as compared with those from non-conventionally (wild)
produced fruit peel microbiota would generate valuable
data of the microbial community at the post-harvest stage.
Considering these aspects, the objective of the present
study was to conduct a comparative analysis of fruit peel
microbial community in five tropical fruits taken from
conventional farms and non-cultivated areas.

Materials and methods

Plant material

All fruit peel samples of five tropical fruits (Banana,
Musa cavendish var. Nanica; guava, Psidium guajava
var. Pedro Sato; mango, Mangifera indica var. Tommy
Atkins; papaya, Carica papaya var. Solo; and passion
fruit, Passiflora edulis var. Gigante Amarelo) were taken
once (without seasonal variation as a parameter) from
areas in the Federal District Region, which surrounds
the capital Brasilia, Brazil. All conventionally produced
fruit samples were collected once from CEASA (Central
Supply of Horticultural Products) in March 2014, while in
the same way, non-cultivated samples were collected once
from wild areas within f ive dis t inguished si tes
(Supplemental Table 1). Collection of non-cultivated sam-
ples was made in November and December of 2013. For
all the five fruit peel samples, data were randomly collect-
ed in such a way that three replicates were considered for
both samples from conventional farms and from non-
cultivated collection areas. Ripened fruits just before har-
vest were carefully collected for all the five fruits for
robust discrimination of bacterial and fungal diversities
colonizing fruit peels that could ultimately result in post-
harvest spoilage. Sample collection was as follows: fruit
samples were collected, put in plastic bags, and brought to
the laboratory where the peels were immediately removed
for the DNA extraction. Similar procedures were carried
out with the purchased fruits, where random sample col-
lections were considered at the supermarket stage.

DNA extraction and gene amplicon analysis

DNA extraction and PCR

The fruit peel samples were collected in three replicates
from conventional farms and non-cultivated areas. For all
the five tropical fruits considered in this study, fruit peels
were collected in such a way that 15 representative fruits
were randomly taken from both conventional and non-
cultivated samples, stored under freezing temperature (−
18 °C) until DNA extraction. Accordingly, 5-g peel sam-
ples were homogenized in liquid nitrogen followed by
7 mL CTAB DNA extraction buffer. Such protocol [8]
had the chloroform/alcohol cleaning performed twice,
and the final genomic DNA samples with a minimum
concentration of ≥ 5 ng/μL were used for further down-
stream applications.

Bacterial 16S rRNA gene was amplified using the uni-
versal primer pair 534f-CS1 (5′-CCAGCAGCCGCGGT
AAT-3′) and 783r-CS2 (5′-GGTCTACC MGGGTATCT
AATCCKG-3 ′) [9]. Fungal rDNA ITS region was
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amplified with ITS1-CS1 (5′-CTTGGTCATTTAGA
GGAAGTAA - 3 ′ ) a n d 5 . 8 S - C S 2 ( 5 ′ - G G T C
TAACTTTYRRCAAYGGATCWCT-3′) primer pair [10].
Both primers were linked to CS1 (ACACTGACGAC
ATGGTTCTACA) and CS2 (TACGGTAGCAGAGA
CTT) adaptors (Fluidigm Co., USA). PCR reactions and
library construction with Fluidigm were performed at
Genome Quebec Co., Canada.

Amplicon sequencing and analysis

PCR products with their specific barcodes and adapters
(Fluidigm Co., USA) were also sequenced by Illumina
MiSeq platform at Genome Quebec Co., Canada, to gen-
erate the metagenome data. The library constructed from
the index PCR data of the bacterial 16S rRNA gene was
subjected to sequence assembly, followed by metagenome
assay using Galaxy software (https://usegalaxy.org) and
the remaining bioinformatics analysis by CloVR pipeline
(http://clovr.org) [11]. For fungal ITS data, the QIIME
pipeline (http://qiime.org) [12] was applied. Chimera
was checked by USEARCH 6.1 [13]. QIIME software
was also used to assess the relative abundance of OTUs,
microbial diversity (Shannon–Wiener, Chao and Simpson
diversity indexes), and principal coordinate analysis
(PCoA) followed by the Bray–Curtis dissimilarity in the
five different kinds of tropical fruit peels. OTU clusters
were defined by a 97% identity threshold, and the data
sets were submitted to rarefaction analysis before diversi-
ty analysis. Furthermore, the genetic features, represented
by the abundance of OTU, were chosen by hierarchical
feature engineering (HFE) [14] and then the feature selec-
tion was performed and their effects were verified by the
random forest and the principal component analysis
(PCA). The quality filtering was applied at a Phred score
≥ Q20. The taxonomy base analysis was accessed by
Ribosomal Database Project (RDP) classifier supplement-
ed with BLAST and Mothur v 1.32.1 [15]. Differences in
the relative abundance of OTUs among samples and di-
versity indexes were estimated by analysis of variance
(ANOVA) after checking the normality distribution with
the Shapiro–Wilk test. Metagenome sequences were reg-
istered at DNA Data Bank of Japan (DDBJ).

Results

The total number of sequences obtained from all fruit
samples were 2,131,220 (71,040 ANR (average number
of reads)) for 16S rRNA encoding gene and 2,321,071
(77,369 ANR) for rDNA ITS. These reads were subjected
to filtering based on a Phred quality score of ≥ 20. It
resulted in the assignment of 2,028,998 16S rRNA

(95%) sequences to bacteria and 2,042,542 rDNA ITS
(88%) sequences to fungi and their discrimination at class
and phylum taxonomic levels, respectively.

Fruit peel bacterial community

The bacterial community analysis indicated that fruit peel
samples from both cultivated and non-cultivated areas
harbored Gammaproteobacteria, Alphaproteobacteria/
Actinobacteria, and Acidobacteria in order of their rela-
tive abundance (Fig. 1). Deinococci was detected in all
but the non-cultivated banana in both conventional and
non-cultivated samples in different abundances. Overall,
most classes were detected in all the samples with differ-
ent relative abundance. Unlike the other bacterial commu-
nities, the relative abundance of Bacilli was affected by
production system and fruit type. A similar trend was
de tec ted in Agar icomyce tes , Dothideomyce tes ,
Sordaryomycetes, and Ustilaginomycetes relative abun-
dance (Supplemental Table 2). The number of OTUs ob-
served in non-cultivated papaya sample was by far greater
than the one observed in the conventional sample and all
the other samples as well (Fig. 2). Except in papaya, the
number of OTUs in conventional and non-conventional
fruit peel samples was less than 1500 units and was com-
parable as observed from the rarefaction curve.

As revealed by the diversity indexes, bacterial commu-
nity diversity for each fruit type in both conventional and
non-cultivated areas had no significant difference, except
in papaya in which the diversity was increased in non-
cultivated fruit peel sample. The bacterial diversity detect-
ed by the three index analyses was, however, well differ-
entiated in non-cultivated fruit peels of papaya, and in
fact, this diversity was the highest compared with all sam-
ples (Table 1 and Supplemental Table 2). The diversity
index analysis and the number of OTUs observed in
non-cultivated papaya were complementary and worth
further detailed discrimination of bacterial community at
the lowest taxonomic level. Bacterial community PCoA
had an overlapping distribution for all the samples
(Fig. 3 and Supplemental Table 3). As the proportion of
the bacterial components were dispersed along the com-
ponent coordinate, the proportion of bacterial classes were
evidently distributed indiscriminately in both convention-
al and non-cultivated fruit peels in all the fruits investi-
gated. Bacterial community relative abundance in the non-
cultivated fruit peels was distinguished as compared to
samples from conventional counterparts (Supplemental
Fig. S1). Accordingly, a diversity of bacterial species
was found in most of the fruit peels in both convention-
ally produced and non-cultivated samples. One of the re-
sults worth mentioning here was the higher relative
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abundance of Streptomyces mashuensis in non-cultivated
passion fruit peels (Supplemental Table 4).

Fruit peel fungal community

For all samples from both conventional and non-cultivated
areas, the main fungal communities detected were
Sordariomycetes and Dothideomycetes in their order of rela-
tive abundance (Fig. 4). The relative abundance of unidenti-
fied Basidiomycota was negligible in all conventionally pro-
duced fruit samples of all fruit types. The relative abundance
of this phylum was higher in non-cultivated guava, papaya,
and banana fruit peel samples. The effect of both system and
fruit type was mostly observed in Agaricomycetes,
Dothideomycetes, and Sordaryomycetes (Supplemental
Table 2).

The number of fungal OTUs was the highest in con-
ventionally produced mango when compared to all the
other four fruit types, independent of the cultivation prac-
tice involved (Fig. 5). Despite the highly abundant fungal

OTUs in both conventional and non-cultivated samples in
all the fruit types, the abundance in conventionally pro-
duced samples was comparable to that of non-cultivated
samples for all the five fruit types except in mango and
guava, where a significant difference was observed for
conventionally produced and non-cultivated fruit peel
samples. Among the fungal diversity index analysis ap-
plied, Shannon diversity index detected a remarkable dis-
tinction in the diversity of the fungal community in con-
ventional and non-cultivated peel samples of mango and
papaya (Table 2 and Supplemental Table 5). While fungal
community diversity was by far higher in conventionally
produced mango peels, as compared with the diversity in
non-cultivated samples, the diversity in papaya was oth-
erwise. However, using the diversity index analyses, the
diversity of the fungal community in guava peels was
slightly greater than in papaya collected from non-
cultivated samples. The results from the diversity index
analysis for the rest of the fruit types vis-à-vis their re-
spective sample source was generally comparable.

Fig. 1 Distribution of bacteria classes on five kinds of tropical fruit peels taken from conventional and non-cultivated areas
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The most distinguished fungal diversity output was detect-
ed by PCoA, by which a clear separation of a fungal constit-
uent was established (Fig. 6 and Supplemental Table 5).
Fungal components for all the five fruit types were well dif-
ferentiated into conventional and non-cultivated clusters
based on their constituent fungal phyla (Supplemental Fig.
S2). Except in mango, all conventionally cultivated fruits
showed similar composition in their fungal community.
Detailed insight into fungal relative abundance fingerprint
demonstrated the dominant genera characterizing each of the
fruit types and their production systems involved. It followed
that the fungal genera fingerprint indicated that most of the
fungal communities belong to the pathogenic groups as was
the case in the bacterial community (Supplemental Table 6).
Another microbial genus of scientific interest is the character-
istic abundance of Penicillium in conventionally produced
banana fruit peel. Moreover, this same sample hosted the
highest number of fungal genera fingerprints abundantly oc-
cupied by fungal pathogens.

Discussion

The microbiome of plants is a major factor in plant health and
yield as the diversity and load of microorganisms are critical
components of post-harvest disease management. Therefore,
shifts in the plant microbiome diversity can alter the reaction
to biotic and abiotic stresses and the quality of end product
[16]. From the consumer end point of view, diagnosis of the
presence of microbes, differentiation of their diversity, and
quantification constitutes maintenance of fruit health to the
desired levels [17]. In the present study, relative abundance,
diversity, and composition of microbial communities were
found to be affected by the type of fruit peel and the produc-
tion system involved. Bacterial concentration of fruit peels
was distinct in abundance and almost twice more abundant
than that of fungal phyla, making the bacterial community
crucially important for post-harvest management measures,
including decisions to determine the right type of biological
control to neutralize the most adversary microorganisms.

Fig. 2 Number of OTUs within the 16S RNA gene sequences on five kinds of tropical fruit peels taken from conventional and non-cultivated areas

Table 1 Mean (standard error) of
bacterial diversity according to
Shannon–Wiener, Chao, and
Simpson index on five kinds of
tropical fruit peels taken from
conventional and non-cultivated
areas

Chao Shannon Simpson

Conventional Non-
cultivated

Conventional Non-
cultivated

Conventional Non-
cultivated

Banana 5479.7 (528.8) 6771.3 (496.5) 2.6 (0.3) 3.7 (0.4) 0.32 (0.01) 0.08 (0.01)

Mango 6296.1 (726.9) 6757.9 (987.6) 4.0 (0.4) 3.0 (0.3) 0.07 (0.01) 0.32 (0.01)

Guava 5001.3 (499.7) 5684.7 (658.5) 3.8 (0.3) 3.6 (0.3) 0.05 (0.01) 0.08 (0.01)

Passion
fruits

6731.0 (235.9) 6112.0 (350.9) 4.1 (0.5) 3.3 (0.4) 0.05 (0.01) 0.18 (0.01)

Papaya 6284.5 (232.7) 8300.0 (852.0) 2.1 (0.3) 4.2 (0.5) 0.42 (0.01) 0.08 (0.01)
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Among the compared fruits, banana and guava contained a
relatively higher number of OTUs as compared with the
others. The estimated microbial diversity for both bacteria
and fungi indicated that the diversity was generally higher in
non-cultivated fruits than in the conventionally cultivated
ones. The overall data suggest a strong presence of antagonis-
tic microbes to pathogens in non-cultivated fruits, especially
with higher relative abundance in passion fruit peel.

Bacterial community

Actinobacteria along with Alpha-, Beta-, and Gamma-
proteobacteria were dominating all the fruit peels investigat-
ed. These taxa are known in colonizing flowers of vegetables
and fruit peels of different tropical fruits including watermelon
[16, 18, 19]. Proteobacteria and Actinobacteria were also
reported to be among the main endophytic prokaryotes in rice
root [20]. The relatively higher abundance of Bacillus species
in conventionally cultivated fruits (percentage relative
abundance as seen in the band size of the bar graph, Fig. 1)
showed a similar trend for all five fruit types. This is an indi-
cation of the importance of Bacilli in conventional farms,
where routine pesticide chemicals are intensively applied.
Also, the presence of Bacillus, Cytophagia, and Alpha-,

Beta-, and Gamma-proteobacteria across the investigated
samples, independent of the cultivation and fruit types, was
an indication that these bacterial phyla are retained as the
major components for fruit spoilage as reported in other fruits
[21, 22] or lead to the colonization by the secondary microbes.
The diversity of the bacterial community is dependent on the
type of fruit, growing location, fertilizer used, the pesticide
used, and other farming inputs applied [23]. The relatively
higher relative abundance of Bacillus species in convention-
ally produced fruit peels in all the fruit types could be attrib-
uted to the possible inclusion of Bacilli in the organic pesti-
cides used during farming practice [19].

The application of agrochemicals in conventional farming
(as could be the case in our conventionally produced samples)
could have favored the elimination of natural enemies to
Bacillus species that intrinsically exist in the non-
conventionally produced fruit peels of tropical fruits. In addi-
tion, it is of worth noticing the higher relative abundance of
Actinobacteria species in conventionally produced fruit sam-
ples (except in banana). This could be attributed to one of the
important traits of Actinobacteria, their well-known source of
bioactive compounds [24] that could have helped them de-
grade agrichemicals applied as pesticides, thereby providing
them a competitive survival advantage over the others. Fruit

Fig. 3 Principal coordinate analyses based on 16S rRNA gene sequences on five kinds of tropical fruit peels taken from conventional and non-cultivated
areas. B—banana, G—guava, Ma—mango, Pa—papaya, PF—passion fruits, C—conventional, NC—non-cultivated
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peels from wild banana samples could be used as a source of
different species of Actinobacteria (as the maximum abun-
dance was harbored in this sample), some of which bioactive
compounds could be targeted for industrial applications in-
cluding saccharification. Banana fruit peels were reported as

important sources of bioactive compounds of industrial im-
portance [25, 26] as was saccharification using bioactive com-
pounds of actinobacterial species too from a recent report [27].
Non-cultivated papaya fruit peels were dominated by the max-
imum diversity of the bacterial community, which could be

Fig. 5 Number of OTUs within the ITS rDNA sequences on five kinds of tropical fruit peels taken from conventional and non-cultivated areas

Fig. 4 Distribution of fungal classes on five kinds of tropical fruit peels taken from conventional and non-cultivated areas
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considered as a bacterial reservoir for other studies aimed at
the identification of bacterial species of agronomic and indus-
trial importance. The in-depth taxonomic fingerprint identifi-
cation of bacterial community revealed the importance of wild
passion fruit peels as one of the main sources of
S. mashuensis, for further search of bioactive compounds of
antibacterial role. Further analysis of sequenced amplicons
revealed bacterial species abundance fingerprints characteriz-
ing each of the five fruit types in their respective production
systems (Supplemental Table 5).

Fungal community

The relative abundance of Ascomycota (Sordariomycetes and
Dothideomycetes) was relatively low in conventionally pro-
duced fruits unlike their dominance in non-cultivated fruit
peels of banana, guava, mango, and passion fruit.
Ascomycetes are generally known to colonize fruit peels [22,
28]. These results were contrary to a study of fungal diversity
from strawberry matured fruit, where Basidiomycota and
Ascomycota were the dominant taxa, despite the application

Fig. 6 Principal coordinate analyses based on ITS rDNA sequences on five kinds of tropical fruit peels taken from conventional and non-cultivated areas.
B—banana, G—guava, Ma—mango, Pa—papaya, PF—passion fruits, C—conventional, NC—non-cultivated

Table 2 Mean (standard error) of
fungal diversity according to
Shannon–Wiener, Chao, and
Simpson index on five kinds of
tropical fruit peels taken from
conventional and non-cultivated
areas

Chao Shannon Simpson

Conventional Non-
cultivated

Conventional Non-
cultivated

Conventional Non-
cultivated

Banana 726.8 (53.8) 814.7 (79.5) 3.8 (0.3) 4.6 (0.4) 0.77 (0.06) 0.89 (0.09)

Mango 776.1 (82.9) 618.9 (82.6) 5.0 (0.4) 1.1 (0.1) 0.92 (0.07) 0.23 (0.02)

Guava 741.1 (72.9) 834.9 (87.6) 3.1 (0.3) 5.3 (0.4) 0.76 (0.07) 0.94 (0.08)

Passion
fruits

812.0 (73.9) 718.0 (75.9) 4.0 (0.5) 2.6 (0.2) 0.85 (0.06) 0.69 (0.07)

Papaya 657.5 (63.7) 757.8 (81.0) 1.2 (0.2) 4.2 (0.4) 0.24 (0.02) 0.88 (0.08)

746 Braz J Microbiol (2019) 50:739–748



of routine chemical pesticides [5]. The reduced relative abun-
dance of overall fungal diversity in the conventionally pro-
duced fruits could be attributed to the intensive use of broad-
spectrum fungicidal chemicals. Similar reports were made
from strawberry flower and leaves, in which the application
of chemical fungicide was reported to lower fungal diversity
[29, 30]. As Basidiomycetes were detected with more abun-
dance in fruit peels with no history of agronomic management
practice, this intact fungal community could be of great scien-
tific interest in searching for unique species with characteristic
products applicable to a broad range of industry.

Among the industrial applications, enzymes from
Basidiomycetes are used for the degradation of various kinds
of polysaccharides in the paper industry and bioremediation
studies [31]. Besides, the relatively higher abundance of
Basidiomycetes could also be further exploited for the identifi-
cation of some species of medical and nutritional importance.
Nutritive and medical importance of Basidiomycetes has al-
ready been reported from edible mushroom species [32]. In
the present study, probably of great importance is the domi-
nance of Penicillium genera in the conventionally produced
banana peel samples. As the production and availability of this
fruit is at the lowest economic cost, it could be of great research
interest for isolation and commercialization of new variant
compounds of medical importance. Of comparable importance
is the discrimination of bacterial communities at species level
although the discrimination of fungal communities was just
possible at phylum and genus levels in the present study. The
use of 16S rRNA gene for the discrimination of bacterial com-
munity at species level was demonstrated in another similar
study [33], while the use of ITS rRNA gene for the discrimina-
tion of fungal communities at genera level is more reliable than
at species level [34]. As the present study was based on the
analysis of sequenced DNA amplicons, a culture-based micro-
biological investigation should be conducted to determine the
load of fruit peel microorganisms, thereby supplement the pres-
ent analysis. Such a comprehensive and thorough investigation
of microbes colonizing fruit peels is also very important in
improving post-harvest disease control.

In conclusion, we demonstrated the microbial diversity and
the complexity in discriminating into their respective taxa in
five common tropical fruit peel samples. Even though the
same gene region sequence was analyzed across the investi-
gated samples, bacterial communities colonizing fruit peels
were better studied and documented than their counter fungal
communities. The present study was able to differentiate the
bacterial community at the class level and that of fungal di-
versity at the phylum level. In addition to the other impor-
tance, medical and industrial importance of the identified mi-
crobes indicates the need for further discrimination of the di-
versity beyond species level. The molecular data generated
from sequenced amplicons were better in revealing clearer
discrimination of microbial communities into their respective

phyla in both conventional and non-cultivated samples. As the
present work was entirely based on gene amplicon sequence
analysis, the results obtained and the conclusions thereof need
further study involving culture-based fruit peel microbial di-
versity profiling.
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