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Abstract

Now is the time to turn waste from a source of environmental pollution into a treasure of abundance throughout the world, these concerns
are even more important when alternative feed ingredients, new product developments and innovative feeding trends, like insect-meals,
are considered. The black soldier fly is the key to our food secure future, mainly as an alternative protein source. The research on transfer of
contaminants from different substrates to the insects, as well as the possible occurrence of toxin-producing fungi and contaminated bacteria in
the gut of non-processed insects are very limited. Accordingly, we investigated the impact of the substrate/diet on the intestinal microbiota of
H. illucens larvae. The results were Impressive to make us sure that this incredible insect lead us for the way of our food secure. We had found
many fungai which can decay harmful bacteria and toxin-producing fungi as Ascomycete fungi and Pichia fungi. Moreover, many species bacteria,
and fungi for the first time they were isolated from the larvae of the black soldier fly for example, the bacterium Ignatzschineria larvae, species
of fungi Pichia sporocuriosa, Pichia cecembensis, and Candida thaimueongensis have not been isolated from the intestines of the larvae before.
So, in this paper you will find the answers of the most two important questions: first, Do the feeding food that the larvae fed on affect the micro
biotic community within the larval intestines?

Second, how diverse are these microbes inside the intestines, whether fungi or bacteria? I wish an enjoyable and interesting reading of the rest of

the research paper that opens the horizon for you to continue after us the road to the future of food security for the whole world.
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Introduction

The past decade has seen the rapid expansion of the indus-
trial insect rearing sector in response to the global increasing
demand in high-quality protein for human consumption [1]. One
of the economically most important and most promising farmed
insect species is the black soldier fly (Hermetia illucens; Diptera:
Stratiomyidae). The black soldier fly (BSF), Hermetia illucens (L.),
is a promising insect for organic waste management. BSF larvae
(BSFL) can be reared on a large scale and feed on various organic
wastes, such as animal manure, plant materials, and food waste
[2]. Recently, they have been used globally for recycling organ-
ic waste into insect biomass [3]. The BSFL has a life cycle which
comprises five stages. These are namely, egg, larvae, pre-pupae,
pupae, and adult. In fact, the entire life cycle of the BSFL is prin-
cipally contributed by both stages of the larval and pupal. On the
other hand, according to [4], the adult and egg hatching stages of

the BSFLlife cycle are characterized by being comparatively short.
The feeding activity of BSFL remarkably reduces huge volumes of
organic waste and environmental pollutants [5,6]. Treating live-
stock manure with BSFL significantly reduces the numbers of
pathogenic bacteria, such as Salmonella [7] and Escherichia coli
[8] in feces.

As a saprotrophic insect, the BSF lives in environments that,
in general, have high microbial loads. How the BSF defends itself
against pathogenic microorganisms and interacts with intestinal
microbes remains largely unknown. Jeon et al. first reported the
intestinal bacterial community of BSF fed with food waste using
pyrosequencing [9]. Zheng et al. [10] analyzed the dynamic chang-
es of bacterial diversity in the gut of BSF for the first time and
showed that the most dominant bacterial phyla associated with
the BSF are Bacteroidetes and Proteobacteria. Bacteria in the gen-
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era Bacteroides, Dysgonomonas, Providencia, Sanguibacter, and
Sphingobacterium were found in larvae, prepupae, and pupae.
Providencia spp. were probably transmitted vertically as they
were present in all life stages of the BSF. As reported in different
studies, the bacterial compositions in the so-called core microbi-
ome of BSF were different. Nevertheless, how do we define the
core microbiome in the guts of BSFL, and do these microbes play
important roles in BSF growth and development? Using bacteria
isolated from different insects, Zheng et al. showed that bacteria
might influence the attraction and oviposition of the adult BSF
[11].

There are currently only a few studies describing the effect
of BSFL on the fungal component of substrates. Thus, the my-
cobiome of chicken manure fermented by BSFL has been inves-
tigated by [12] the rearing of BSFL results in a sharp decrease
in the abundance of phytopathogenic and endophytic fungi. We
assumed that such changes would be even more pronounced in
the substrates with a predominance of plant components. Such
substrates are commercially attractive for the industrial rearing
of BSFL. However, the abundance of adverse endophytic fungi of
genera such as Alternaria, Pyrenophora, Ustilago, and Nigrospora
can significantly complicate the practical use of BSFL biomass and
the processed substrates. The thorough sterilization of substrates
represents a major and difficult task, which is very expensive and
time consuming. A lot of microorganisms (including yeasts) are
also beneficial as probiotics for the subsequent use of composts.
Therefore, it seems extremely important to receive comprehen-
sive data on the fungal community, not only regarding the larval
biomass but also representatives of the fungal community should
be attributed to the species level (usually obtained in metabar-
coding) which can be achieved by either shotgun sequencing or a
combination of metabarcoding and culture based techniques [13].

The culture media

With all these benefits and environmentally friendly features, the
BSF is the most exploited species worldwide in the growing insect
farming industry [14].

When the idea of this research paper was manifested, the first
aim was recognizing the variation between the microbial load in
the larval feeding media and in the larval gut. Second to ensure
that these larvae are clean and that they are a safe source of feed
and food, whether for poultry, animals or even humans, and that
they help effectively build a new thought and a new food culture
for all countries around the world, which will change people’s
view of new food sources, even if they are from an unfamiliar in-
sect source, especially in the Middle Eastern countries, including
Egypt. The impact of this study is starting actual projects based
mainly on the production of black soldier fly larvae to spread
a new food culture that God has blessed us with from a simple
source but infinitely rich in many outputs that will also be based
on many vital and important industries for our people and the
whole world.

Materials and Methods
Insect rearing

The Black Soldier Fly has been bought from another research-
er at faculty of agriculture from Alexandria university and reared
at department of applied entomology and zoology in September
2020. The larvae reared on plastic plates at 27-30°C and 60-65%
humidity. The prepupal stage featured by auto harvest to anther
dry plates to prepare itself for the pupal stage that has been trans-
ferred to 40*40cm cage. When the adults get emerged the cage
get supported by cotton socked on water, attractive media for
females, wooden sticks with interspace 1-1.5cm as an egger. The
egg was collected every day and transfer the clutches to wet brane
1-1.5 brane to water in a plastic plate.
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Figure 1: The basic ingredients of the four-culture media. (A) chicken feed. (B) rotten fish mixed with chicken feed (30% A- 70% rotten fish).
(C) nonedible chicken parts mixed with chicken feed (30% A- 70% nonedible). (D) kitchen wastes without any protein resources.
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Four different media were used during these experiments.
The first medium (A) is chicken feed from Al-Iman Feed Compa-
ny, with 21% protein content. The second medium (B) was rotten
small tilabia fish from the waste of fish farms, mixed with medium
A 70% rotten fish and 30% medium A. The third medium (C) is the
chicken parts which are not suitable for human use e.g., noned-
ible meat parts and guts mixed with medium A 70-30% respec-
tively, and I bought them from poultry sellers in the residential
area where the researcher lives. The last medium (D) is kitchen
waste free from protein sources (meat - poultry - fish) which the
researcher used to save from the home kitchen waste. The follow-
ing figure shows then main components of each type of waste.
(Figure 1)

Biological experiment

The feeding of larvae was initially on different food environ-
ments starting from the second larval stage, as it is the first larval
stage that can be discerned with the naked eye. Five replicates
were made for each treatment. Each replicate contains 20 larvae
placed in small transparent plastic dishes, 6 cm in diameter and 3
cm in height and they are covered with black cloth. The food pre-
sented with a weight of 7 g/replicate in each treatment starting
from the second larval age and is increased until the sixth larval
age toreach 14 g food. The symbol (A") was given to the larvae that
fed on the first medium, which is chicken feed, while the symbol
(B*) was given to the larvae that fed on the second medium, which
is a mixture of rotten fish and poultry feed, while the symbol (C")
was given to the larvae that fed on the third medium, which is the
mixture between rotten chicken meat and poultry feed, and finally
the symbol (D) was given to the larvae that fed on the kitchen
waste medium devoid of any source of protein.

Microbial community isolation from the larval gut and differ-
ent feeding media

BSFL sterilization: Twelve larvae were collected from each
food environment at six instars. They were washed from the
outside with sterile distilled water and then with 70% alcohol
to ensure that there is no contamination of the intestine caused
by any external bacteria. Then, they were dissected by binocular
dissecting microscope at 4x magnification power, where the body
wall of the larva was cut from both sides. After that the larva was
fixed from the front and end of the body with a dissection pin, and
the upper layer of the body wall was removed, then the digestive
tract was removed from its two ends (the first at the esophagus
after the oropharyngeal cavity and the second from the end of
the rectum at the colon). Finally, 12 digestive canals are isolated,
crushed, and placed in the LB medium.

Bacterial community isolation: A LB medium (Luria Broth)
was prepared by dissolved 4 grams of LB: 200 ml of distilled wa-
ter. They were distributed equally into eight glass flasks of 120ml
volume, so that each flask contains a 25ml LB medium. Then this
medium was sterilized in an autoclave for 20minutes at 121°C.
Next, the media was left in incubation for 72 hours until it is en-

DOI: 10.19080/AIBM.2023.17.555958

sured that we follow good sterilization procedures. Then, the lar-
val guts (A", B', C', and D) and a sample of the feeding media (A,
B, C, and D) of sterilized of BSFL was transferred to the flasks that
contain the LB media under sterilized conditions in a laminar air
follow caped. Then, the eight groups were inculpated at 28°C for
48 hours as to allow the growth of bacterial communities as to be
ready to DNA extraction.

Fungal community isolation: A Potato Dextrose Agar (PPA)
environment was prepared by a 20 grams of potato Dextrose agar
was mixed with 75ml of sterile distilled water, and they were ster-
ilized. Then we made 250ml environment rent they were poured
into eight Petry dishes and left in the incubator for 72 hours to en-
sure that no contamination would occur and the safety of the envi-
ronment before transplanting. Then, the larval guts (A", B', C’, and
D) and a sample of the feeding media (A, B, C, and D) of sterilized
of BSFL was transferred to PPA media and they have been incu-
bated for one week at 28°C. After this period, the fungi growing on
the media then, were isolated in 1.5ml Eppendorf tubes and the
DNA of the fungi growing in the liquid environment was isolated
by following protocol B from the kit’s instruction book.

DNA metabarcoding of the microbial communities in the lar-
val gut and the feeding media

Genomic DNA Extraction was made using G-spin™ Total DNA
Extraction Kit according to manufactory instructions of protocol
B for the bacterial community and fungal community grown on
LB media and PPA respectively for ether the larval gut or the feed-
ing media. The purity and concentration of the resultant DNA was
determined using a Nanodrop 2,000/2,000c spectrophotometer
(Thermo Fischer Scientific, Wilmington, United States). PCR, and
Sequencing of the media Before being rinsed with distilled water,
each individual insect larva was surface sterilized with 70% al-
cohol. The Isolate II Genomic DNA Kit (Bioline, London, and the
United Kingdom) was used to extract genomic DNA in accordance
with the instructions provided by the manufacturer.

PCR was performed to amplify the 16s rRNA region for bacte-
rial DNA and ITS barcode region for fungal DNA in a total reaction
volume of 20pL containing 2x topsimple dymixntaq (enzynomics),
10pmol/pl of primers16s515FGTGCCAGCMGCCGCGG, 16s907R
CCGTCAATTCMTTTRAGTTT, ITSF CTTGGTCATTTAGAGGAAGTAA
and ITS R TCCTCCGCTTATTGATATGC as shown at table 1 and
50ng/pl of DNA template in a peqlab primus 25 advanced ther-
mal circular Machin (Germany). The following cycling conditions
were used: initial denaturation for 5 min at 95°C, followed by 40
cycles of 1 s at 95°C, 1 s annealing at 52°C, extension for 1 min at
72°C, and a final elongation step of 10 min at 72°C. Purified PCR
products were shipped to Macrogen Europe BV (Meibergdreef,
Amsterdam, Netherlands) for bi-directional sequencing. Each PCR
product for each sample was sequenced by two different sequenc-
ing reactions to identify the two most prominent microbes in
each sample. Retrieved sequences were aligned to NCBI database.
(https://www.ncbi.nlm.nih.gov) using a nucleotides blast suite
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(blast in) from blast tools (Basic Local Alignment search tool) for
identifying the most prominent species to microbial community
either bacteria or fungi on larval gut and feeding media.

Phylogenetics analyses
Four Phylogenetics trees were constructed.

a) The most prominent bacterial species of the bacterial
community on the feeding media.

b) The most prominent bacterial species of the bacterial
community on the larval gut.

c¢) The most prominent fungal species of the fungal com-
munity on the feeding media.

d) The most prominent fungal species of the fungal com-

munity on the larval gut.

e) Combined the most prominent fungi and bacteria had
been found in this study.

Using the MEGA11 software (molecular evolutionary genetics
analysis) as to analyze the Phylogenetic relationship between the
microorganisms in each group. The evolutionary history was in-
ferred using the UPGMA method [15]. The evolutionary distances
were computed using the Maximum Composite Likelihood meth-
od [16] and are in the units of the number of base substitutions
per site. This analysis involved 8 nucleotide sequences. All ambig-
uous positions were removed for each sequence pair (pairwise
deletion option). There was a total of 440 positions in the final
dataset. Evolutionary analyses were conducted in MEGA11 [17].

Table 1: 16S and ITS barcoding primers for DNA metabarcoding for bacterial and fungal communities.

Annealin Total Base
N Target Gene | Primer Name Primer Primer Sequence (5’ - 3’) Bases Count g Count/Target
Temperature
Gene
2 16F 515F Forward GTGCCAGCMGCCGCGG 16 52 36
907R Reverse CCGTCAATTCMTTTRAGTTT 20 52
3 ITS ITS1F Forward CTTGGTCATTTAGAGGAAGTAA 22 52 42
ITS4R Reverse TCCTCCGCTTATTGATATGC 20 52
Total Base Counts 115
Results with chicken feed). The most defined bacterium was Xenorhab-

The feeding media bacterial core

The most prominent bacterial species of the bacterial com-
munities in the four different feeding media were identified by
using 16S rRNA sequence alignment shown in table 1 as follows
Starting with the first medium in which the larvae were fed, the
most defined bacterium is Escherichia coli with sequence identity
of 99.20%. The second kind of bacteria at the same medium A is
Enterobacter cloacae that identified with 89.20%. In the feeding
medium B (which was a rotten fish unfit for human use mixed

dus thuongxuansis that is a genus of gram-negative, motile bacte-
ria that belong to the Morganellaceae family. When moving to the
third feeding medium on which the larvae feeded, we find the two
types Calostridium cochlearium and Caloramator fervidus They
are the most defined in the feeding medium with rates of 86.54%
and 82.37% respectively, which was a mixture of rotten chick-
en unfit for human use and chicken feed. the last medium is the
kitchen food waste without any protein resources and the most
identification bacteria were Cronobacter sakazakii and Fodinicur-
vata halophic with 90.41% and 77.94% respectively according to
(Table 2 & Figure 2)

Table 2: The most recognizable larval intestinal bacteria in each treatment. (A) is chicken feed, (B) was rotten fish mixed with medium A ‘70% rotten
fish and 30% medium A, (C) chicken parts 7, which are not suitable for human use mixed with medium A'70-30% respectively’, (D) is kitchen waste free

from protein sources (meat - poultry - fish).

Feeding Media :;I::l:;l::zl R(:ll;)tsisg Phylum Family C:;Zsstsﬁ)e;a;:e Identity %

Escherichia coli Proteobacteria Enterobacteriaceae KP772048.1 99.2
A Enterobacter cloacae Proteobacteria Enterobacteriaceae KM10853301 89.2

B Xenorhafgrl:ssizhuongx- Pseudomonadota Morganellaceae 94.92
Proteus mirabilis Proteobacteria Morganellaceae MN620383.1 98.91

; CIOStriZi’;ITmCOChle' Bacillota Clostridiaceae NR_044717.2 86.54

Caloramator fervidus Bacillota Clostridiaceae NR_025899.1 82.37

Fodinicurvata halophic Pseudomonadota Rhodospirillaceae NR_137248.1 77.94

b Cronobacter sakazakii Proteobacteria Enterobacteriaceae NR_113347.1 90.41
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Figure 2: Phylogenetic tree of most recognizable bacteria in each feeding media. (A) is chicken feed, (B) was rotten fish mixed
with medium A ‘70% rotten fish and 30% medium A’, (C) chicken parts which are not suitable for human use mixed with medium
A’70-30% respectively’, (D) is kitchen waste free from protein sources (meat - poultry - fish).
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The intestinal larvae core bacteria

We have found some verities between the different treatments
in the gut core bacteria which almost belong to Pseudomonadota
and Proteobacteria phyla as showed at Table 3. Four groups of
samples were identified by using 16S rRNA sequence alignment
as follows: the group of treated larvae A® was identified as Patoea
agglomerans with 88.80% identity, Morganella morganii with
88.74% identity, and Proteus vulgaris with 88.61% identity. While

DOI: 10.19080/AIBM.2023.17.555958

the treated larvae’s B* samples showed 90.73% identity for Wohl-
fahritiimonas larvae and 89.49% for Ignatzschineria larvae and it
is the first time isolate this bacterium from the BSFL gut. In the
group of treated larvae’s C' sample, the bacteria Proteus mirabilis
was identified with 98.05% and 97.77% identity for Proteus al-
imentorum. The last sample D was also identified with Proteus
mirabilis as in larvae treated with treatment C* but with 86.10%
identity and Proteus vulgaris as in larvae treated with treatment
A’ but with 85.91%. (Table 3 & Figure 3)
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Figure 3: Phylogenetic tree of most recognizable larval intestinal bacteria in each treatment. (A") the larvae fed on the chicken feed, (B)
larvae fed on the second medium, which is a mixture of rotten fish and poultry feed, (C") larvae fed on the third medium, which is the mixture
between rotten chicken meat and poultry feed, (D) larvae fed on the kitchen waste medium devoid of any source of protein.
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Table 3: The most recognizable larval intestinal bacteria in each treatment. (A") the larvae fed on the chicken. feed, (B") larvae fed on the second medium,
which is a mixture of rotten fish and poultry feed, (C) larvae fed on the third medium, which is the mixture between rotten chicken meat and poultry
feed, (D") larvae fed on the kitchen waste medium devoid of any source of protein.

Feeding larvae ggf;;:;:l R(:ll:tsisg Phylum Family Cztiisstsﬁ)e;al::e Identity %

Morganella morganii Proteobacteria Morganellaceae CP066132.1 88.74

A Proteus vulgaris Proteobacteria Morganellaceae KP219419.1 88.8
Pantoea agglomerans Pseudomonadota Enterobacteriaceae MH497589.1 90.73

- Wohlf(Zl:‘ILiLmonas Pseudomonadota incertae sedis MZ707635.1 90.73
Ignatzschineria larvae Pseudomonadota incertae sedis MW602513.1 89.49

R Proteus mirabilis Proteobacteria Enterobacteriaceae MN620382.1 98.05

¢ Proteus alimentorum Proteobacteria Morganellaceae MT731295.1 97.77

. Proteus mirabilis Proteobacteria Enterobacteriaceae MN620383.1 86.1

P Proteus vulgaris Proteobacteria Morganellaceae CP090064.1 85.91
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The feeding media fungal core

Four groups of samples were identified by using ITS rRNA
sequence alignment shown at (Table 1) as follows: As shown in
table 4 the most identification at feeding medium A fungi were
Cyphellophora phylostchydis and Pichia sporocuriosa with 100%
identity ratio and 95.43% for Pichia sporocuriosa. Then, Aspergil-

lus fugnigatus in treatment B and C with identity ratio 99.83% and
98.48% respectively. Then at treatment B we had found Penicilli-
um ornatum that belong to Family Trichocomaceae with identity
ratio 90.23% and 88.60% respectively and Hamigera brevicom-
pacta in feeding media C 88.60% identity ratio. Finally, the Pichia
paraexigua we had found it at medium D with 97.87% and 96.72%
identification ratio respectively (Table 4 & Figure 4).

e N
0,00
Aspergillus fugnigatus
0,00
1.0 K !
0,03 —— Aspergillus fugnigatus
0.0
073 D ﬁﬁﬂﬁl‘ﬂ”ll]ﬂ ﬁF!r'|I|"|-[]F.IlJFiEr'I&r'IF|R
0.03 s
Pericillium ornatum
Q.0 n.on  |0.03
—— Hamigera brevicompacta
% i
— Fichia sporocuriosd
0,15 0,10 Lo )
» Fichia paraexigua
Cyphellophora phyloste hydis
183
Figure 4: Phylogenetic tree of most recognizable fungi in each feeding media. (A) is chicken feed, (B) was rotten fish mixed with medium
A “70% rotten fish and 30% medium A’, (C) chicken parts which are not suitable for human use mixed with medium A'70-30% respectively’,
(D) is kitchen waste free from protein sources (meat - poultry - fish).
\ J

Table 4: The most recognizable biowastes fungal funa. (A) is chicken feed, (B) was rotten fish mixed with medium A ‘70% rotten fish and 30% medium
A, (C) chicken parts which are not suitable for human use mixed with medium A'70-30% respectively’, (D) is kitchen waste free from protein sources

(meat - poultry - fish).

Biowastes Groups g::;g::{? R(:ll:tsifnse; Phylum Family Cxlscisstsﬁ)e;a]::e Identity %
A Gp helloij :;l;g phylost- Ascomycota Chaetothyriaceae NR_158393.1 100
Pichia sporocuriosa Ascomycota Pichiaceae NR_153281.1 95.43
B Aspergillus fugnigatus Ascomycota Trichocomaceae NR_121481.1 99.83
Penicillium ornatum Ascomycota Trichocomaceae NR_138306.1 90.23
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Aspergillus fugnigatus Ascomycota Trichocomaceae NR_121481.1 98.48
C i icom-
Hamigera brevicom Ascomycota Trichocomaceae NR_160208.1 88.6
pacta
Aspergillus oe‘rlm— Ascomycota Trichocomaceae NR_138362.1 97.46
D gausenensis
Pichia paraexigua Ascomycota Pichiaceae NR_173270.1 96.72

The intestinal larvae core fungi

According to table 5 the larvae that reared on treatment A’
had two most identified fungi Pichia sporocuriosa and Candida
thaimueongensis with 95.43% and 95.27% identification ratio,
both belong to Ascomycota phylum and pichiaceae and Saccha-
romycetaceae family respectively and they are first time isolated
from the Black Soldier Fly Larval gut. But if we talk about the ge-
nus of pitchia which has been repeated by different species in all

treatments it is a genus of yeasts in the family Pichiaceae. First
the Pichia kudriazevii that that had been found at each group of
treated larvae B’, C', and D* with identity ratio 93.32%, 97.46%
and 91.70% respectively. Second the Pichia cecembensis not only
repeated at each group of treated larvae B', C’, and D" with high
identity ratio 96.40%, 94.44% and 89.81% respectively but al-
though first time isolated from the Black Soldier Fly Larval gut
(Table 5 & Figure 5).

e N
— Pichia kudriazevii. B
0.00
I.I s
0.01 —— Pichia kudriazevii
0, 00
Pichia kudriazevii
0.06
— Pichia cecembensis B
0.08 8 b —— Pichia cecembensis
L 0 I'I — 1 =
—— Pichia cecembensis )
0.07 : ’ :
Candida thaimueongensis
Pichia sporocuriosa A"
Figure 5: Phylogenetic tree of most recognizable larval intestinal fungi in each treatment. (A") the larvae fed on the chicken feed, (B") larvae
fed on the second medium, which is a mixture of rotten fish and poultry feed, (C") larvae fed on the third medium, which is the mixture
between rotten chicken meat and poultry feed, (D") larvae fed on the kitchen waste medium devoid of any source of protein.
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Table 5: The most recognizable larval intestinal bacteria in each treatment. (A") the larvae fed on the chicken feed, (B") larvae fed on the second medium,
which is a mixture of rotten fish and poultry feed, (C*) larvae fed on the third medium, which is the mixture between rotten chicken meat and poultry

feed, (D") larvae fed on the kitchen waste medium devoid of any source of protein.

croups | frocium(Coest | piyum

Pichia sporocuriosa Ascomycota Pichiaceae NR_153293.1 95.43

A C“”didget:;im“e"”' Ascomycota Pichiaceae NR_111358.1 95.27

Pichia kudriazevii Ascomycota Saccharomycetaceae NR_131315.1 93.32

B Pichia cecembensis Ascomycota Pichiaceae NR_164078.1 96.4

Pichia kudriazevii Ascomycota Pichiaceae NR_131315.1 97.46

¢ Pichia cecembensis Ascomycota Pichiaceae NR_164078.1 94.44

Pichia kudriazevii Ascomycota Pichiaceae NR_131315.1 91.7

b Pichia cecembensis Ascomycota Pichiaceae NR_164078.1 89.81

Discussion been rationalized; However, with regard to the study of mammal’s

The feeding media bacterial core

In the feeding medium B which was a Rotten fish unfit for hu-
man use mixed with poultry feed the most defined bacterium was
Xenorhabdus thuongxuansis that is a genus of motile, gram-nega-
tive bacteria from the family of the Morganellaceae. The flowing
studies explained how the feeding media containing many ento-
mological pathogenic bacteria, The biological control agents used
against Aedes mosquitoes include Bacillus thuringiensis israelen-
sis or B. sphericus and their toxins and Xenorhabdus/Photorhab-
dus [18,19] Xenorhabdus and Photorhabdus have potential for
the biological control of Aedes mosquitoes. These entomopatho-
genic bacteria are used in the control of mosquito larvae [20,21].
Xenorhabdus and Photorhabdus have been successfully used to
reduce the development of several insect pests in laboratory con-
ditions [22]. The Calostridium species are obligate or facultative
anaerobic bacteria, producing endospores that are highly resis-
tant to heat and other environmental factors [23,24]. Some Clos-
tridium species are well-known pathogens [25]. The Cronobacter
sakazakii which before 2007 was named Enterobacter sakazakii
[26,27] is an opportunistic Gram-negative, rod-shaped, pathogen-
ic bacterium that can live in very dry places, otherwise known as
xerotolerance. Fodinicurvata halophic a Gram-stain-negative, rod-
shaped, facultatively anaerobic, moderately halophilic bacterium
the genus Fodinicurvata belongs to the family Rhodospirillaceae,
within the order Rhodospirillales [28] of the class Alphaproteo-
bacteria.

The intestinal larvae core bacteria

The microbes in the fly larvae gut have multiple functions that
are important to larval development [6] The functions of gut mi-
crobiota impact the development, pathogen resistance, nutrition,
and physiology of the host. Insects’ unique intestinal biotransfor-
mation system is poorly understood, particularly in terms of how
the various symbiotic microorganisms in the intestine function.
The potential science and application values, as well as the rela-
tionships between insects and symbiotic microorganisms, have

gut bacteria [29] there remains much room for development con-
cerning the compounds from insect gut microbes.

We now move on to the treated larvae groups which had been
fed on the feeding media we talked about earlier. The Patoea ag-
glomerans that a gamma proteobacterium of plant origin, pos-
sesses many beneficial traits that could be used for the preven-
tion and/or treatment of human and animal diseases, combating
plant pathogens, promotion of plant growth and bioremediation
of the environment. It produces a number of antibiotics (herbicol-
in, pantocins, microcin, agglomerins, andrimid, phenazine, among
others) which could be used for combating plant, animal and hu-
man pathogens or for food preservation [30]. In accordance with
our study, the scientist Zhu and others confirmed the significance
of larval gut microorganisms in the degradation of biowaste, the
strains of P. agglomerans could also be useful in the acquisition of
energy from various alternative sources, such as waste recycling.
An example is the salt-tolerant P. agglomerans BH-18 strain isolat-
ed by Zhu et al. [31] from mangrove sludge, which possesses the
ability to produce hydrogen.

The authors proposed using this strain for the biological
treatment of marine aquaculture wastewater and marine or-
ganic waste, associated with the production of biohydrogen that
represents a promising alternative source of energy due to its
reproducibility, non-polluting nature, and high energy yield. In
a subsequent study, the authors demonstrated that the yield of
hydrogen could be significantly greater (by 36.94%) if the P. ag-
glomerans BH-18 strain is used in a mixed culture with a Candida
tropicalis BH-6 salt-tolerant strain, which had been isolated from
the same mangrove ecosystem[32] be noted that we have found
the genes candida within the fungal load rang in A larval intestinal
tested by its primer Candida thaimueongensis which explain the
interaction between the gut microbes. the acidic antibiotics called
agglomerins which are moderately active against a wide variety
of anaerobic bacteria (including Clostridium difficile, C. perfrin-
gens, Propionibacterium acnes) and weakly active against aero-
bic Gram-positive bacteria (including Streptococcus pyogenes, S.
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pneumoniaz [33]; the pseudopeptide antibiotic andrimid which
is active against both Gram-negative and Gram-positive bacteria,
including methicyllin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant Enterococcus (VRE) and Klebsiella pneu-
moniae, and displays also limited antiproliferative activity against
human tumor cell lines [34].

D-alanylgriseoluteic acid (AGA), a potent phenazine antibi-
otic produced by P agglomerans strain Eh1087 which reveals a
broad spectrum of antimicrobial activity and is particularly active
against Gram-positive pathogens, such as Streptococcus pneumo-
niae [35,36]. the recently isolated in Korea phenazine antibiotic
from P. agglomerans apple strain R190, active against various
spoilage bacteria, including Pectobacterium carotovorum subsp.
carotovorum, Clavibacter michiganensis, and Burkholderia andro-
pogonis, as well as against foodborne pathogens such as Esche-
richia coli 0157:H7 and Salmonella enterica, and other human
pathogens such as Klebsiella pneumoniae and Yersinia enteroco-
litica [37]. To review the rest of the results of the bacteria, these
bacteria can be considered to explain to us how the different types
of bacteria found in organic waste are digested and it is also a con-
firmation that the larvae of the black soldier fly are amazing in
treating organic waste.

Now we will discuss the species of the genus Proteus, which
were common in the intestines of larvae that fed on the four en-
vironments of organic waste and the extent of their importance
for the insect to digest the pathogens in these wastes, which are a
source of environmental pollution and thus negatively affect hu-
man and animals’ health. Microorganisms belonging to the genus
Proteus were first described in 1885 by a German microbiologist
Gustav Hauser, who had revealed their ability to swarm on solid
surfaces. The name Proteus came from Homer’s BOdyssey” and
its character Proteus, who could change his shape and had an
ability of endless transformation. Hauser described two species
of the genus: Proteus vulgaris and Proteus mirabilis [38]. It is pos-
tulated that human intestines are a reservoir of Proteus bacteria,
especially those belonging to prevailing P. mirabilis species, and
they are members of natural fecal microflora of several percent of
human population so [39] reported the presence of Proteus spp.
bacteria (one P. mirabilis and one P. vulgaris strain) in fecal sam-
ples from 4 % of healthy Spanish volunteers. [40] explained that
not only rats but also many wild and domestic animals (mammals,
birds, reptiles, amphibians, insects, and Seafood) are the hosts of
Proteus spp. bacteria. At the same time, P mirabilis protects the
larvae from harmful microorganisms because it is antagonistic to
some bacteria that maggots remove from wounds [41].

One of the most interesting kind of bacteria was Ignatzschine-
ria larvae that first time isolated from BSFL and not discussed its
importance to BSFL well yet [42]. Describe the Ignatzschineria spp
as a genus of aerobic, gram-negative, non-sporeforming, non-he-
molytic rod-shaped bacteria that belongs to the class Gammapro-
teobacteria. Three recognized species: I indica, I larvae, and L
ureiclastica which are commonly recovered from the larvae of
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parasitic spotted flesh fly Wohlfahrtia magnifica found in Europe,
Asia, and North Africa [43]. The Ignatzschineria spp. thrive in the
digestive tract of the larvae with Providencia [43]. Ignatzschiner-
ia is a recently identified genus of bacteria that has been isolated
from the digestive tract of multiple flies associated with decom-
posing tissue. Species within this genus are rarely implicated in
human disease, and less than 10 cases worldwide have been doc-
umented in the literature. So, we can say that this bacterium is
benefit to both larvae and humane health and recovery.

The Wohlfahrtiimonas larvae has been isolated to the first
time in 2014 by the scientist lee [44] and he said that A novel,
Gram-negative, facultative anaerobic, motile and short rod-shaped
bacterium, strain KBLOO6T was isolated from the larval gut of
Hermetia illucens, Black soldier fly The description of genus Wohl-
fahrtiimonasis followed: Gram-negative, straight, short-rod shape.
Catalase and oxidase reactions are positive. Main fatty acids are
C18:1andC14:0. Main polar lipids are phosphatidylglycerol, phos-
phatidylethanolamine, and phosphatidylserine [44]. demonstrat-
ing the significance of the bacteria in the larval gut for human
health as well as for larvae, the research Maggot Wound Therapy
Associated with Wohlfahrtiimonas chitiniclastica. Blood Infection
by [45] who tested that the Maggots secrete defensins which are
proteins like those produced by circulating human white blood
cells that may result in the potential antimicrobial properties of
maggot therapy.

The relationship between the bacterial load on feeding me-
dia and larval gut

The relatively abundant bacteria and the dynamics of bac-
terial compositions during the development of BSFL fed with a
food waste diet and an oil waste diet were different compared
with BSFL fed with a chicken feed diet. Imputation of metabol-
ic pathways indicated that metabolic capability might be the
key factor for the changes of intestinal bacteria [46]. Unlike the
other studies, no significant differences among the gut microbi-
ome of BSFL fed with 3 different diets (chicken feed, freshly cut
grass, and fruit/vegetables) were observed, indicating that a core
microbiome (Actinomyces, Dysgonomonas, Enterococcus, and
another unclassified Actinomycetales) exists in the gut of BSFL
Klammsteiner et al. [47]. A survey of the dynamic changes of bac-
teria in the intestinal tract of H. illucens showed that the gut micro-
biome was relatively stable over the course of larval development,
whereas the microbiome in the feed residue changed significantly.
The core microbiome includes Citrobacter, Enterobacter, Klebsiel-
la, Morganella, Proteus, and Providencia. Dysgonomonas was also
dominant, except in the early larval stage.

Among the 6 bacteria studied, Proteus (BSF4) was the excep-
tion. The larval and prepupal weights of BSF inoculated with this
bacterium were even less than those of the germ-free group. The
prepupae and eclosion rates were also very low. The durations
of the larval and pupal stages were even longer than those of the
germ-free BSF indicating that this bacterium did not promote BSF
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growth and development. This result conflicts with a study on the
management of chicken manure with the combination of BSF and
Proteus, in which Proteus promoted BSFL weight gain Mazza et
al. [48]. The differences may be linked to the distinct diets or sub-
strates used in the 2 different studies. The interactions between
Proteus and the complicated microbial community in chicken ma-
nure may be beneficial for BSF growth and the biotransformation
process. Previous studies have shown that the microbes in the
guts of BSFL interact with the microbial community in the sub-

strate after feeding to form a new intestinal microbial communi-
ty [49]. This new community was beneficial to BSFL growth and
development and the biotransformation of the substrate [50, 51].
Our study support strongly This phenomenon provides further
evidence that the interactions between BSFL and their feeding en-
vironment led to the formation of a specific microbial community
structure, which might be beneficial for BSF growth and develop-
ment [46] (Table 6).

Table 6: Pathogenic and non-pathogenic bacteria that have been isolated from the feeding media and the larval intestinal for humans and insects.

Feeding Media Core Bacteria Larval Gut Core Bacteria
Bacterial Human Human Beneficial Beneficial Bacterial Human Human Beneficial Beneficial
Name Pathogen Beneficial | for Human for Insect Name Pathogen Beneficial | for Human for Insect
Escherichia Morganella
coli v X v X morganii X v X v
Entero- Proteus
bacter v X N X . v X X N
vulgaris
cloacae
Xenorhabdus Pantoea ae-
thuongxu- v X v X lomerané; X v X v
ansis §
Wohl-
P'rote%ls. X J X J fahritii- X J X J
mirabilis monas
larvae
Clostridium le-
. v X v X natzschiner- X v X v
cochlearium ia larvae
Caloramator Proteus
fervidus v X v X mirabilis X v X v
Fodinicurva- Proteus ali-
ta halophic v X v X mentorum v X X v
Cronobacter
sakazakii v X v X

The intestinal larvae core fungi

Then we noted the existence abundance and remarkably the
Ascomycete fungi that attack bacteria and produce these fungi an-
tibiotic penicillin and is used during organ transplantation to pre-
vent cellular rejection and the manufacture of cheese Roquefort
produces important enzymes in the dairy industry and food pres-
ervation. Yeasts of the genus Candida, one of the largest genera in
terms of numbers of species, are widely distributed in nature. Spe-
cies of this genus have been isolated from various sources in ter-
restrial and aquatic habitats [52-54]. Reported that the name Can-
dida thaimueangensis sp. nov is proposed to accommodate these
new strains. But if we talk about the genus of pitchia which has
been repeated by different species in all treatments it is a genus of
yeasts in the family Pichiaceae with spherical, elliptical, or oblong
acuminate cells. Pichia is a teleomorph, and forms hat-shaped,
hemispherical, or round ascospores during sexual reproduction.

Pitchia sporocuriosa is first time isolated from the gut of BSFL.
Pichia kudriavzevii is an eurybiont, involved in the fermentation
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of many natural substrates. It is not a typical pathogen, although it
has been reported previously that, in rare cases, this yeast has tak-
en part in candidal vaginitis, mastitis, and candidal arthritis [55].
Finally we would like to refer to the larval hemolymph exerts an-
timicrobial effects on various pathogens [56]. BSFL extracts, con-
sisting of homogenized larvae with buffer, were shown to inhibit
the growth of several Gram-negative bacterial pathogens includ-
ing Neisseria gonorrhoeae, Klebsiella pneumoniae, and Shigella
sonnei [57]. These bacteria were among the bacterial load in the
media that the larvae fed on in our study. Both aqueous and meth-
anol-based BSFL extracts exhibited antimicrobial effects against
both Gram-negative and Gram-positive human pathogens [58].

The relationship between the fungal load on feeding media
and larval gut.

The fungi composition may change in this type of environ-
ment through time due to the composting process [59]. they found
constancy in the dominance of Candida in most of the environ-
ments and larval guts. These results harmonized with previous
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analyses of the gut fungal community composition of BSF larvae
that were fed on agricultural waste [60,61] and of the community
composition of the compost environment that was treated with
BSF [13]. In these cases, the most abundant fungal generium in
the BSF was Pichia which were abundant in our study. This study
suggests that the fungal community structure is affected from a
‘core’ fungal community as found in related studies of the bacteri-
al community composition of the BSF [62, 63]. We found that only
Pichia presented a high relative abundance and prevailed across

all the substrates; the rest of the identified fungal communities
were highly substrate specific. The high prevalence and domi-
nance of Pichia in this study as well as in that of [60]. points to-
ward a stable association with BSF larval gut. P. kudriavzevii, the
most prevalent species found in our samples, has been reported to
encode the antibacterial toxin RY55 that is active against several
human pathogens such as E. coli, Enterococcus faecalis, Klebsiella
sp., Staphylococcus aureus, Pseudomonas aeruginosa and Pseudo-
monas alcaligenes [60] (Table 7).

Table 7: Pathogenic and non-pathogenic fungi that have been isolated from the feeding media and the larval intestinal for humans and insects.

Feeding Media Core Fungi Larval Gut Core Fungi
Fungal Human Beneficial Insect Beneficial Fungal Human Beneficial Insect Beneficial
Name Pathogen | for Human | Pathogen for Insect Name Pathogen | for Human | Pathogen | for Human
Cyphello- o
phora phy- X v X v Pichia 'spo X v X v
) rocuriosa
lostchydis
Pichia spo- Candida
SP X v X v thaimueon- v X X Vv
rocuriosa .
gensis
Aspe.rglllus J X J X P1§h1a . X J X J
fugnigatus kudriazevii
Penicillium J X J X Pichia ce- X J X J
ornatum cembensis
Hamigera
brevicom- v X v X
pacta
Aspergillus
oerlin- N X v X
gausenensis
Pichia par-
aexigua v X X

When verifying the results in the rest of the transactions ac-
cording to (Figure 3 & 5) we find the presence of the same genera
and even the same types of fungi inside the stomach of the larvae,
which confirms the stability of the fungus community inside the
intestines, unlike the bacterial environment, in which the genera
and species varied, and this makes us seek to link these results to
each other to understand what is the importance of this variation
for the larvae? Does it affect the composition of fats and proteins
of larvae? Is it this diversity of bacteria and the persistence of fun-
gi that magnifies the value of these larvae and the richness of their
precious outputs, which humans have not yet exploited for the
richness of the world?
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Our interpretation as researchers for this research paper is
that yes, all of the above studied on larvae and bloom for us these
differentiated results of the bacterial community and similar to
the fungus community is what gives these larvae their value and
distinguish their outputs and their ability to convert surplus or-
ganic waste from human or animal use and polluting the environ-
ment into wealth from an insect source and to realize that we as
humans have within our intestines bacterial and fungal communi-
ties that serve our biological development and help us enjoy good
health and without them or even the occurrence of any defect In
its rates inside our intestines we become sick we suffer from dys-
function of our bodies as well as the insect (Figure 6).
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Figure 6: Phylogenetics tree of the most recognizable bacteria and fungi had been recognized in this study. (A) is chicken feed, (B) was
rotten fish mixed with medium A ‘70% rotten fish and 30% medium A’, (C) chicken parts which are not suitable for human use mixed with
medium A'70-30% respectively’, (D) is kitchen waste free from protein sources (meat - poultry - fish), (A’) the larvae fed on the chicken
feed, (B’) larvae fed on the second medium, which is a mixture of rotten fish and poultry feed, (C") larvae fed on the third medium, which
is the mixture between rotten chicken meat and poultry feed, (D") larvae fed on the kitchen waste medium devoid of any source of protein.
N J
Conclusions lives and recognize their value. This research and previous studies

We have found out how miraculous it was to introduce organic
rich waste in bacterial and fungi pathogens, whether for the insect
itself or for humans and animals, or even as source of polluting
emissions for the environment and digested into rich source of
protein and oils that has potential in food and pharmaceutical
industry. The results indicated that intestinal bacteria influenced
BSF growth and development significantly and provided insights
into using these beneficial microbes to promote BSF applications
in the waste management industry. We hope in the coming peri-
od to expand worldwide in the form of productive farms of these
amazing larvae full of Treasures that have not yet been appreciat-
ed by humans, which will make a big progress in the field of nat-
ural industry once we pay attention to them and use them in our
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of this insect are an encouraging a powerful start with great crea-
ture such as this insect for a clean, healthy, and rich environment.
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