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“Black soldier fly; BSF”

* BSF found in native of the
tropical and warm temperate
zone.

* BSF is not considered as
the vector and plant pests.

O.@

source: https://betterorigin.co.uk/2021/05/black-soldier-fly-guide/
(Wan helomi., 201‘




i “Saprotrophic insect”

M

« BSFL consumed and decompose
various organic matter.

. . .
rich in proteins and fats.
source: https://checksammy.com/blog/5-benefits-of-organic-
D recycling-and-why-its-important/

(Kliiber et al., 2022)

6 @changed to high value biomass ) ,,
[

N




Black soldier fly larvae; BSFL

source: https://animalmicrobiome.biomedcentral.com/articles/10.1186/s42523-
. 023-00261-9/figures/1

“Microbe-rich
environments”

* As the BSFL is found in 7
decaying environments,

which contain various of .
microorganisms. Pathogenic

source: https://www.undp.org/india/stories/hail-black-
(Nayduch and Burrus 2017; Rotheray 2019) soldier-fly-tuming-waste-animal-feed



Bacterial diversity and importance ° @
@ o

* Hydrolytic
activities

P~ AR AP
{\ * BSFL | digestion,
S digestion ! detoxification

source: icrobi i i 10.1 123-00261-9ffigures/1

| enzyme synthesis

* Promoted growth | insect immunization
and development supplement

(Tegtmeier et al., 2021)



Bacterial diversity and importance

Gorren et al. (2021)

* Providencia spp. — playing a role in protein &
. Klebsiellaspp. " lipid conversion in gut.

* Klebsilla supplemented. (Lietal., 2023)
\




BSFL in Thailand ‘%
. Enhance the efficiency of BSFL’s utilization
1) for food & feed.

ource: https://www.dubideli.com/products/black-soldier-fly-larvae-large

-There has been no study on the bacterial diversity
& classification of bacterial communities
in the gut of BSFL in Thailand. 33




, =
@ Objectives O q

W Identify bacteria in the BSFL’s gut.

¥ Evaluate their enzyme production
for selecting beneficial microbes to
supplement BSFL feed.




Methodology

in the BSFL’s gut.

t
05 Identify bacteria diversity- - ~.

©"“The study of bacterial- -’
enzyme production.
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Methodology 0‘“ = [l

0 BSFL sample collected

« The collection of 5" BSFL from farms in 6/8 provinces.

Q culture

0 non-culture

Nakhon Pathom; NPT#©
Ratchaburi;: RBR%©
Roi Et.; RET%O
Surin; SRN#

Maha Sarakham; MKM Chiang Mai; cMI ©

Chonburi; CHB %O
Chumphon; CPN%




. 10
Methodology 0St = [l

» BSFL’s gut samples dissection.

 Cut off the rear end and
longitudinal incision along
the body to expose the gut.




Methodology QSt -

» BSFL’s gut samples dissection.

« Extract the gut & rinse with « Grind the gut using

ethyl alcohol 2-3 times. a pellet pestles in solution.
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Methodology o
a Bacterial culture method

Spread the gut sample using
the spread-plate technique
on 3 types of medias:

NA

’ Incubate in 27°C, 1-2 days

(Kiiiber et al., 2022)

Observe the colony growth
on medias including:

+ Size * Margin
» Shape * Elevation
* Texture < Color

+Gram staining

Circular Irregular Filamentous Rhizoid

source: https:/microbeonline.com/colony-morphology-bacteria-describe-bacterial-
colonies/

12
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Methodology 05
a Bacterial culture method

Q Bacteria DNA

Extraction _ Jarget gene: 16s
modified from rDNA region o
Invitrogen PureLink™  PCR
Genomic DNA Mini kit Specific primers

o 27F (5-AGAGTTTGATCMTGGCTCAG-3")
Nucleotide sequencing * 1513R (5 -ACGGYTACCTTGTTACGACTT-3)

1 L“  BLASTNn
o Bacterial identification
& classification

\//l

(Kliiber et al., 2022)
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Methodology QSt B

a Bacterial non-culture method

Q Gut DNA e modified from

Extraction Invitrogen PureLink™ Genomic DNA Mini kit
Nucleotide sequencing analysis == éﬁ 4
“16s rDNA gene” ¥
(V3+V4 region) Metagenomics

o Bacterial identification sequencing

& classification
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Methodology Gnd = O

* The study of bacterial enzyme production.
aCeIIuIase production test

Stain with 1% Congo red
solution for 30 minutes,
rinse the surface with 1 M
NaCl solution.

_ _ o Measure the diameter of the
Incubate in 37°C, 72 hr. clear zone. e
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Methodology a"d = [l

aAmyIase production test

Stain with lodine solution
| for 1 minutes and rinse off.

Starch agar ‘_ _ _ . Measure the diameter of the
Incubate in 37°C, 48 hr. clear zone. e




Results & Discussion



Results & Discussion...

\Ov Bacterial culture method

@

Total of 4,120 bacterial isolates.

Isolates were classified into

15 groups based on colony
characteristics.




Results & Discussion...

Bacterial culture method

\
- -» Bacterial colony

White Ofange
Circular, Entire, Flat and Smooth

Light orange

Clear yellow

Circular, Entire
Raised and
Mucoid

~  Circular, Entire,
.~ Umbonate and
Mucoid



Results & Discussion... . .
Bacterial culture method

\
- -» Bacterial colony

White
Irregular,

~_ Undulate
and Flat
. ,‘y"ih . 57

Whiteream White smoke Pink

Irregular, Undulate, Irregular, Entire, Irregular, Notch, Irregular, Entire,
Flat and Rough Flat and Smooth Flat and Rough Flat and Mucoid

Cream
Rhizoid, |
Entire and Flat ' Notch, Flat

and Mucoid




Results & Discussion... ° ‘
Bacterial culture method ‘

\ -
- -» Bacterial identification

NPT: 9 isolates >98% similarity with the

RBR: 7 isolates :
58 isolatc [ osequences in the database.
' 1,358 — 1,486 |
SRN: 8 isolates base pairs

CHB: 10 isolates
CPN: 13 isolates




Results & Discussion...

2 :
Q Bacterial culture method :Bacterial community in Phylum

RET
NPT
e@d\\\“s
S CPN

[2]
e
3

E MM'WM"CFOCOccus CPN

RBR * RET

§ o

S/?,v
e
SRN el °r
Ru! CPN

o

T S

Q (L)z NPT S
RBR RET

2 phyla

* Firmicutes
= 6 farms

* Actinobacteria
= 2 farms; RET&CPN

21




Q Results & Discussion...
9 .
Bacterial culture method :Bacterial community in Genus

o 5 genera

NPT ieeeeeeen,

* RET, CHB & CPN
= highest diversity

CHB

Acinosacir

Firmicuteg

éewcrococc:?' = e Bacillus

‘ ey * Rummeliibacillus
" = had a higher

SRN l R %relative abundance

RBR %

g

T S

©& ner S
RBR RET

22



Q Results & Discussion... 23
9 .
Bacterial culture method :Bacterial community in Species

o Species

17 species

-

» Bacillus cereus
(18.97%)

BBacillus altitudinis ~ ® RummeliibaCi”US

B Priestia megaterium

OBacillu thylo trophi " .
asaciusveiemnsis  St@DEKISIi (20.69%)
BBacillus siamen sis

B Microco ccus luteus

80

60

W Bacillus tequilen sis

mBacillus subfilis

mBacillus pumilus

mBacillus cereus

mBacillus oleron ius

B Rummeliibacillus stabekisii

B Bacillus paramyco ides (] N PT & RET
B Bacillus lichen iformis

B Stap hylo coccus epidermidis

spmmemenin e = highest diversity

Relative abundance (%)

20
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1
1
1
1
1
1
1
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1
1
1
1
1
1
1
1
1
1
1
1
/

RBR N__REL_/ SRN
BSFL’s gut sample

~_NRT_




Results & Discussion...

Bacterial culture method

* Phylum Firmicutes is the most abundance.

» Genus Bacillus & Rummeliibacillus
are more commonly found in each locations.

Gold et al. (2022); Tegtmeier et al. (2021) Pei et al. (2022)

4 genus Bacillus,
Rummeliibacillus and

Y4 Bacillus spp. can produce enzyme

for degrade organic substrates or
Staphylococcus from
BSFL gut.

BSFL's diets and stimulate
nutrients absorption.




Results & Discussion...

A% Bacterial culture method

o Tegtmeier et al. ¥ genus Bacillus & Rummeliibacillus
(2021) are classified as the core microbiome.”

Staphylococcus spp. was found in low abundance.
« Itis a common microorganism in the environment and animal gut.
* Reported to compete with pathogens and help maintain microbial

balance in the digestive system.
(Gold et al., 2022)

25



#~ Results & Discussion... 26

> Bacterial non-culture method :Bacterial diversity

Table 1 Diversity indices of bacterial community in BSFL’s alimentary tract from six locations..

Sample Number of reads Alpha diversity
Locations Rawreads Cleanreads Choa1 Shannon Simpson
NPT1" 80,032 73,922 400.05 5.82 0.96
NPT2 79,939 73,929 486.15 4.55 0.85
RBR1 79,966 73,108 329.04 589 "~ 097 RBR2 showed
RBR2 79,789 74,603 717.00 -~ 6.07 0.97 the highest
RET1 70 024 73,600 228.00 4.94 0.94 number of choa1
RET2 Number of reads 75,613 379.00 542 0.95 index.
MKM2 73,108 to 75,871 74,987 378.00 4.64 0.93
CMI1 75,871 98.04 3.51 0.86
CMI2 79,827 75,329 174.05 3.55 0.86
CHB1 80,221 74117 220.25 4.77 0.93

CHB2 79,917 75,100 318.00 3.93 0.82

YNPT; Nakhon Pathom, RBR; Ratchaburi, RET; Roi Et., Maha Sarakham, CMI; Chiang mai and CHB; Chonburi.




Results & Discussion...

Bacterial non-culture method :Bacterial diversity

800

Operational Taxonomic Units
B o
o =3
o o

N
=3
=3

NPT1

NPT1, 400

27

< . RBR2 had the highest number
o of OTUs =717 OTUs.
NPT2, 486
RET2, 379 MKM2, 378
RBR1, 329 Kwm1, 339

CHB2, 318

M
RET1, 228 CHB1, 220
CMI2, 174
CMI1, 98

NPT2

RBR1

RBR2

RET1 RET2 MKM1  MKM2 cMmi1 cMmi2 CHB1 CHB2

BSFL's gut samples




' Results & Discussion...

> Bacterial non-culture method :Bacterial diversity

Table 1 Diversity indices of bacterial community in BSFL’s alimentary tract from six locations..

Sample Number of reads Alpha diversity
Locations Rawreads Cleanreads Choa1 Shannon Simpson
NPT1V 80,032 73,922 400.05 5.82 0.96
NPT2 79,939 73,929 486.15 4.55 0.85
RBR1 79,966 73,108 329.04 5.89 0.97
RBR2 79,789 74,603 717.00 6.07 0.97
RET1 79,831 73,600 228.00 4.94 0.94
RET2 79,909 75,613 379.00 5.42 0.95
MKM1 79,929 74,996 339.16 4.52 0.93
MKM2 79,997 74,987 378.00 4.64 0.93
CMI1 79,707 75,871 98.04 3.51 0.86
CMI2 79,827 75,329 174.05 3.55 0.86
CHB1 80,221 74,117 220.25 4.77 0.93
CHB2 79,917 75,100 318.00 3.93 0.82

28

NPT1 & RBR1-2

YNPT; Nakhon Pathom, RBR; Ratchaburi, RET; Roi Et., Maha Sarakham, CMI; Chiang mai and CHB; Chonburi.

showed the
highest number
of Shannon &
Simpson index.



Relative abundance (%)

Results & Discussion...

29

Bacterial non-culture method:Bacterial community in Phylum

75

50

25

0

Phylum

relative abundance 2 10%

* Proteobacteria
R * Firmicutes

!

NPT1 NPT2 RBR1 RBR2 RET1 RET2 MKM1 MKM2 CMI1 CMI2 CHB1 CHB2
BSFL's gut samples

 Bacteroidota
Rormeotacteria = had a higher

oz Firmicutes

o Desulfobacterota
o Campylobacterota
m Bacteroidota

m Actinobacteriota

mFusobacteriota  ralative abundance.



Results & Discussion...
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w Bacterial non-culture method:Bacterial community in Genus

Relative abundance (%)

100

75

50

25

Bothers
Genus munclassified bacterium PM53
Bunclassified Tannerellaceae
Dunclassified Orbaceae
Ounclassified Dysg ono mo nadaceae
Ounclassified Burkholderiales
DOunclassified Beutenbergiaceae
OOrbus
B Sphingo bacterium
B Sedimentibacter
B Pseudomonas
O Provid encia
“OProtéus
O Protein iph ilum
O Paraclostridium °
m Paenalcalig enes
m Oligella
= Myroides o
O Mo rganella
OLimosilactobacillus
OLigilactobacillus L4
B Lach noclostrid ium
B Kleb siella
B [g natzschin eria
B Erysipelothrix
® Enterococcus
B Enterobacter
B Dysgon omonas
ODesulfo vibrio
O Campylo bacter
BR1 RBR2 RET1 RET2 MKM1MKM2 CMI1 CMI2 CHB1 CHB2 o Breznakia
BSFL's gut samples B Bacteroides
u Actino mvces

Nakhon Pathom; NPT
Rep.1-2

Lachnoclostridium
Providencia
Campylobacter

relative abundance 2 10%
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2 Bacterial non-culture method:Bacterial community in Genus

Relative abundance (%)

100

75

50

25

Results & Discussion...

NPT1 NPT2:

.
tannnnnanns

Genus

ET1 RET2 MKM1MKM2 CMI1 CMI2 CHB1

BSFL's gut samples

Bothers

Bunclassified bacterium PM53
Bunclassified Tannerellaceae
Dunclassified Orbaceae
Ounclassified Dysg ono mo nadaceae
DOunclassified Burkholderiales
DOunclassified Beutenbergiaceae
OOrbus

B Sphingo bacterium

B Sedimentibacter
BPseudomonas

OProvidencia

OProtein jphilum

@ Paraclostridium °
m Paenalcalig enes

m Oligella

= Myroides L]
O Mo rganella
OLimosilactobacillus
OLigilactobacillus

B Lach noclostrid ium
B Kleb siella

B g natzschin eria

CHB2

B Enterococcus
B Enterobacter

B Dysgon omonas
ODesulfo vibrio

O Campylo bacter
O Breznakia

B Bacteroides

B Actino mvces

Ratchaburi; RBR
Rep.1-2

Dsygonomonas
Sedimentibacter
Oligella

B Erysipelothrix relative abundance 2 10%

30
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2 Bacterial non-culture method:Bacterial community in Genus

Relative abundance (%)

100

75

50

25

Results & Discussion...

NPT1 NPT2 RBR1 RBR2

Genus

BSFL's gut samples

Z.'MKM1 MKM2 CMI1 CMI2 CHB1

CHB2

Bothers

Bunclassified bacterium PM53
Bunclassified Tannerellaceae
Dunclassified Orbaceae
Ounclassified Dysg ono mo nadaceae
DOunclassified Burkholderiales
DOunclassified Beutenbergiaceae
OOrbus

B Sphingo bacterium

B Sedimentibacter
BPseudomonas

OProvid encia

[ Proteus

OProtein jphilum

@ Paraclostridium °
m Paenalcalig enes

m Oligella

= Myroides L]
O Mo rganella

OLimosilactobacillus
OLigilactobacillus L4
B Lach noclostrid ium

B Kleb siella

B g natzschin eria

B Erysipelothrix

B Enterococcus

B Enterobacter

B Dysgon omonas

ODesulfo vibrio

O Campylo bacter

O Breznakia

B Bacteroides

B Actino mvces

Roi Et.; RET
Rep.1-2

Campylobacter
Lachnoclostridium
Actinomyces

relative abundance < 10%

30



Results & Discussion...

30

2 :
2 Bacterial non-culture method:Bacterial community in Genus

Relative abundance (%)

100

75

50

25

Genus

NPT1 NPT2 RBR1 RBR2 RET1 RET2°MKM.1 M}

BSFL's gut samples

,'CMI1 CMI2 CHB1 CHB2

Bothers

Bunclassified bacterium PM53
Bunclassified Tannerellaceae
Dunclassified Orbaceae
Ounclassified Dysg ono mo nadaceae
DOunclassified Burkholderiales
DOunclassified Beutenbergiaceae
OOrbus

B Sphingo bacterium

B Sedimentibacter
BPseudomonas

O Provid encia

OProtein jphilum

@ Paraclostridium o
m Paenalcalig enes

m Oligella

= Myroides L]
O Mo rganella

OLimosilactobacillus
OLigilactobacillus L4
B Lach noclostrid ium
B Kleb siella

B g natzschin eria

B Erysipelothrix

B Enterococcus

B Enterobacter

B Dysgon omonas
ODesulfo vibrio

O Campylo bacter

O Breznakia

B Bacteroides

B Actino mvces

Maha Sarakham; MKM
Rep.1-2

Proteus
Providencia
Enterococcus
Pseudomonas

relative abundance 2 10%
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2 Bacterial non-culture method:Bacterial community in Genus

Relative abundance (%)

100

75

50

25

Results & Discussion...

NPT1 NPT2 RBR1 RBR2 RET1 RET2 MKM1 MKMZ: cMI1 CM|2 HB1 CHB2
BSFL's gut samples ™....uuuus

Bothers

Bunclassified bacterium PM53
Bunclassified Tannerellaceae
Dunclassified Orbaceae

Ounclassified Dysg ono mo nadaceae

DOunclassified Burkholderiales
DOunclassified Beutenbergiaceae

OOrbus

B Sphingo bacterium
B Sedimentibacter
BPseudomonas
_OProvid encia

OProtein jphilum

O Paraclostridium

m Paenalcalig enes

m Oligella

= Myr oid es

O Mo rganella
OLimosilactobacillus
OLigilactobacillus

B Lach noclostrid ium
B Kleb siella

B g natzschin eria

B Erysipelothrix

B Enterococcus

B Enterobacter

B Dysgon omonas
ODesulfo vibrio

O Campylo bacter

O Breznakia

B Bacteroides

B Actino mvces

Chiang Mai; CMI
Rep.1-2

* Providencia
+ Campylobacter
 Enterococcus

relative abundance 2 10%
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2 Bacterial non-culture method:Bacterial community in Genus

Relative abundance (%)

100

75

50

25

Results & Discussion...

BSFL's gut samples

Genus

-------------------------u,

CCLTTTETT N

Bothers

Bunclassified bacterium PM53
Bunclassified Tannerellaceae

= Dunclassified Orbaceae

= Ounclassified Dysg ono mo nadaceae
= Ounclassified Burkholderiales

: DOunclassified Beutenbergiaceae
= OO0rbus

H lSphmgo bacterium

- B Sedimentibacter

H = BPseudomon as

= OProvidencia

rotein iph ilum
: OParaclostridium o
e Paenalcalig enes
i Oligella
- = Myroides L]
= OMo rganella
= OLimosilactobacillus

: OLigilactobacillus L4
= B Lach noclostrid ium
B Kleb siella °

B g natzschin eria
B Erysipelothrix
B Enterococcus
B Enterobacter

B Dysgon omonas
ODesulfo vibrio

O Campylo bacter
O Breznakia

B Bacteroides

B Actino mvces

relative abundance

Chonburi; CHB

Rep.1-2

Klebsiella
Enterococcus
Paraclostridium
Morganella

210%

30
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w Bacterial non-culture method:Bacterial community in Genus

Relative abundance (%)

100

75

50

25

Results & Discussion...

Genus

NPT1 NPT2 RBR1 RBR2 RET1 RET2 MKM1MKM2 CMI1 CMI2 CHB1 CHB2
BSFL's gut samples

Bothers

Bunclassified bacterium PM53
Bunclassified Tannerellaceae
Dunclassified Orbaceae
Ounclassified Dysg ono mo nadaceae
Ounclassified Burkholderiales
DOunclassified Beutenbergiaceae
OOrbus

B Sphingo bacterium

B Sedimentibacter

B Pseudomonas

O Provid encia

OProteus

OProtein jphilum

@ Paraclostridium -——-

m Paenalcalig enes ,

m Oligella

@ Myroid es
O Mo rganella
OLimosilactobacillus
OLigilactobacillus

B Lach noclostrid ium
B Kleb siella

B [g natzschin eria

B Erysipelothrix

® Enterococcus

B Enterobacter

B Dysgon omonas
ODesulfo vibrio

O Campylo bacter

O Breznakia

B Bacteroides

B Actino mvees

* Providencia

* Enterococcus
« Campylobacter
* Morganella

* Proteus

* Klebsiella

= had a higher

relative abundance.

30
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Q Results & Discussion... PPN
9 : :
Bacterial community by non-culture method

Callegari et al. (2020) (¥ Phylum  Proteobacteria, Firmicutes,
allegari et al. (2020) Actinobacteria & Bacteroidota.

found in all farms, but-——'/‘ .

low relative abundance Each phylum was found in different
(Schrevenetal., 2021)  amounts depending on the farm locations.

J

7
[ S———

% “The phyla of bacteria found are classified
as the core microbiome.” (Klammsteiner et al., 2021)
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Results & Discussion... 32

Bacterial community by non-culture method

genus Providencia, Enterococcus, Klebsiella,
Morganella, Proteus, Pseudomonas, Actinomyces,
Dysgonomonas, Lachnoclostridium, Campylobacter

Tanga et al. (2021); Li et al. (2023); Klammsteiner et al. (2020)

/7

/
~— - —

“The genera of bacteria found are classified
as the core microbiome.” (silvaraju et al., 2024)

v
~—
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Results & Discussion...

Bacterial community by non-culture method

“The phyla & genera of bacteria found
are classified as the core microbiome.”

/

7
~— = —

It was consistently detected under
various conditions for larval rearing.
* Environmental

* Feeding types

* Locations

(Klammsteiner et al., 2020)

33



Q Results & Discussion...
> J

(Tanga et al., 2021)

Campylobacter spp.
Providencia spp.
Morganella spp.

(Klammsteiner et al., 2020

Bacterial community

T

..I

are considered opportunistic
bacteria that can cause disease
in humans and animals.
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The study of bacterial enzyme production.
‘-« Bacterial Cellulase enzyme test

,~--- Bacillus subtilis
= had the highest cellulase production.

1.02¢ 1.19bc

3 ’
B
E
P 2.06a
S 2
N 1.47bc 1.38bc 1.47bc
3 1
(8]
1
0
G - .
é° . \(‘9 6\9\9
o &
0 A é& &
W W ° N
g & & &*
0%

Bacterial isolates



Results & Discussion... 36

‘-« Bacterial Amylase enzyme test

—_-. Bacillus siamensis
* ,_{ = had the highest amylase production.
3.14ab ) 3252 |/ 2.90ab "\
£ 255 ,---B. altitudinis, B. velezensis
£ : ’ ‘e
e, & B. subtilis = had a lower amylase
o 157¢ production.
81 1.10c
0 \, v, N;
2 ) ) o2 ) ) ) o S
@@éo R & 0@"’0" a;@ &é@ ; & .5@0&\ 3 é@é (pa‘_e
[2) M KX @ ~ )
&"9 é)@"o ‘oe q”&o é}‘\»; cPoo @‘&Q & & ,,p‘\&
& &* & &* ‘xl\éo S & 5

& « q
>
Bacterial isolates & N .




Results & Discussion... 36

‘-« Bacterial Amylase enzyme test

—-__ Bacillus siamensis
/ = had the highest amylase production.

w

,~—-B. altitudinis, B. velezensis

& B. subtilis = had a lower amylase

1.57c production.
1.16c - 1.10¢

Clear zone (mm)
N

1

Pei et al. (2022)

~+ Bacillus spp. play an important role in the gut
& and growth performance.

& ° stimulating digestion and nutrient absorption.

>’ &
R >
& @
Bacterial isolates @ . Q
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. Conclusion.....
000

Bacteria diversity in BSFL's gut

* Culture method
RET had the highest bacterial diversity.

- phylum Firmicutes
genus Bacillus & ]»in all farm sites.

Rumeliibacillus

Non-culture method ~N
RBR2 had the highest bacterial diversity.
R phylum Proteobacteria, Firmicutes
& Bacteroidota

genus Providencia, Enterococcus, Campylobacter,
\_ Dysgonomonas, Morganella, Proteus & Klebsilla )

]- in all farm sites.
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000

Bacterial enzyme production

* Bacillus subtilis
/"= had the highest cellulase production.

« Bacillus siamensis
= had the highest amylase production. |
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@ Recommendation...

As information for precautions regarding

beneficia & pathogenic during the processes of
breeding, harvesting, and utilization of BSFL. &

Further works... 0

Effect of bacteria supplementation.
on BSFL’s growth. '
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