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attention from researchers, and a large number of research papers and works have been
published. However, the systematic bibliometric analysis of insect gut microbiota remains to be
carried out. [Objective] To understand the history, hotspots, and trends of the research on insect
gut microbiota at home and abroad. [Methods] We searched the China National Knowledge
Infrastructure (CNKI) and Web of Science (WOS) with insect gut microbiota as the topic, and
analyzed the keywords using the bibliometric tools VOSviewer and CiteSpace. [Results] The
global research publications in this field showed an increasing trend during 1991-2022, and the
research focuses and directions gradually expanded. The keyword clustering anchored three
emerging research areas: insect meal, secondary metabolites, and biodegradation. [Conclusion]
Bibliometric studies provide a rapid and intuitive understanding of the foundations, frontiers,

and trends of the research on insect gut microbiota.

Keywords: insect gut microbiota;
biodegradation
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Figure 2 Map of research cooperation network between countries in the field of insect gut microbes in

WOS. Visualization: 1.05; Labels: 0.5; Lines: 0.5.
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Table 1 Top 3 literatures by citation frequency of insect gut microbes field based on WOS database
Rank Title Author Journal Year Frequency
1 Insect gut bacterial diversity determined by Yun JH Applied and 2014 421
environmental habitat, diet, developmental stage, and Environmental
phylogeny of host Microbiol ogy
2 A simple and distinctive microbiota associated with honey Martinson VG Molecular Ecology 2011 354
bees and bumble bees
3 Do diet and taxonomy influence insect gut bacterial Colman DR Molecular Ecology 2012 339
communities?
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HESLAE: )2 HAG #i 8 ; Martinson 25U F 2011 4
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Figure 4 Research direction of insect gut microbes field involved in top 10 published papers based on WOS database.
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BKY5 Cluster No.  JCHlA] Keywords

#0 4% Biology

#1 Z FEPE Diversity

#2 16S rRNA

#3 %18 Intestinal tract

#4 P25 Drug resistance
#5 1% B & ## Intestinal flora
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Figure 7 Keywords clustering of 16S rRNA (#2) in CNKI.

Lol

&

( -y

® §HHA Fluorine stress

o {3 % #f Dominant flora

m i Cudrania

W L[ Fungi

m 27 Type

B 353U Probiotic effect

m AR # Hybrid advantage

1 IEE Function

m 2L Influence mechanism
m i/ Symbiosis

B 0| Mulberry leaf

m 5 Identification

B HUER Y Anti-disease protection
I tio 2 nps

i 72 5k Differences

El8 CNKI F“ifiE” X iR E#H3)
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A
m Fatty acids u Co-occurrence network u [nsect meal
@ Pre pupae meal u Hermetia illucens u Nutrition
B Replacement = Food ® Black soldier fly
® Health H [ntestinal microbiota W Escherichia coli
® Feed = Immune response © Soybean meal
- Microbes u Diptera stratiomyidae u Chitin
® Growth performance = Aquaculture ® Performance
= Trout Oncorhynchus mykiss ® Tenebrio molitor m Disease resistance

m Edible insects

B
u Rickettsia u Arbuscular mycorrhizal fungi u Mating preference
“ Microbial ecology u Apis mellifera ligustica u Secondary metabolites
® Establishment ® Temperature ® Plant
m Fall armyworm ® Colonization ® Fungi
m 16S rRNA amplicon sequencing = Bee © Horizontal transmission
 Bacterial symbionts u Adaptation = Gut
® Taxonomy u Beetle W Lepidoptera noctuidae
m Host plant
C
® Metabolism u Biodegradation u Quality
= Insect larvae u Fiber u Hymenoptera
H [actic acid bacteria ® Degradation ® Gut microbiome
m Polystyrene u [n vitro ® [mpact
® Honey bee = Moth © Gut microbial community
© Antimicrobial activity u Growth 5 Adult
H [arvae # Mineralization

14 WOS ¥4z B 2022 £/7 3 X527
Figure 14 Top 3 keywords in 2022 on WOS database. A: #0 insect meal. B: #1 secondary metabolites. C: #2
biodegradation.
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£3 2011-2022 &£ WOS HIEEXERARL
Table 3 WOS database keyword explosion in 2011-2022

Keywords Year Strength Begin time Endtime  2011-2022
Species nova 2011 4.33 2011 2014 f—
Phylogenetic diversity 2011 3.96 2011 2015 f—
16S rRNA 2011 3.95 2011 2016 f——
Gut 2011 3.92 2011 2013 f——
Soil 2011 3.43 2011 2016 f——
H, plus CO, 2011 3.31 2011 2012 f——
Treponema primitia 2011 2.83 2011 2015

Evolution 2012 6.08 2012 2016

Sequence 2012 3.36 2012 2018

Pachnoda ephippiata 2012 3.12 2012 2015 —
Rhodnius prolixus 2012 3.09 2012 2016 —
Gut bacteria 2012 3.08 2012 2017 —
Vector 2012 2.96 2012 2016
Acyrthosiphon pisum 2012 2.89 2012 2014 —
Hindgut 2013 9.33 2013 2016 ——
Endosymbionts 2013 3.37 2013 2017 o
Identification 2011 3.19 2013 2014 ——
Honey bees 2014 3.58 2014 2018 e
Wolbachia 2011 2.60 2014 2015

Innate immunity 2015 6.20 2015 2019

Bumble bees 2015 3.04 2015 2018

Mosquito 2015 3.01 2015 2016

Community structure 2015 2.98 2015 2017

Chagas disease 2015 2.88 2015 2016

Genus nova 2015 2.81 2015 2018

Gene 2015 2.66 2015 2017

Larvae 2015 2.65 2015 2016

Manduca sexta 2016 3.46 2016 2017 ——
Lactic acid bacteria 2017 3.72 2017 2018 o
Genome sequence 2014 2.86 2017 2018

Antibiotics 2017 2.83 2017 2018
Environment 2018 3.76 2018 2019
High-throughput sequencing 2018 3.56 2018 2019

Populations 2012 3.04 2018 2019

Health 2018 2.99 2018 2019

Nitrogen fixation 2015 2.89 2018 2019 .

(154%)
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Keywords Year Strength Begin time Endtime  2011-2022

Chain fatty acids 2018 2.84 2018 2020

Hemiptera 2014 2.67 2018 2019

Fitness 2019 4.01 2019 2022

Genome 2016 3.85 2019 2020

Intestinal tract 2016 3.58 2019 2020

Larval midgut 2017 3.16 2019 2020

Ceratitis capitata 2018 2.70 2019 2020

Insect meal 2019 2.63 2019 2022

System 2019 2.59 2019 2022

K, Hib species nova % A& B B Ry, N 4.33,
2015-2017 4, 16S rRNA. soil. evolution.

Rhodnius prolixus. gut bacteria . vector. hindgut.
endosymbionts . mosquito. community structure .
chagas disease. gene. larvae il Manduca sexta
), H, hindgut K50 E R, 4 9.33; H
I evolution, Z&KIRIEN 6.08, 2017-2019 4,
sequence ., honey bees. innate immunity . bumble
bees. genus nova, lactic acid bacteria, genome
sequence . antibiotics ,environment . high-throughput
sequencing ., populations health , nitrogen fixation
F1 Hemiptera &%, H:* innate immunity %% &
SREF AT, N 6.20, 2019-2022 4F, chain fatty
acids. fitness. genome. intestinal tract. larval

midgut, Ceratitis capitata. insect meal F system

g, Hp fitness B AL, N 4.01,
3 &b

31 EA
ARXHFTF CNKI fil WOS 4 F2 a1 Jiit T

1991-2022 4 L HU 38 S A= 4 S5 3 A 56 SCFE Y
LRGBS RIRRIE . B BoR, R AUE e i
BATRAET— AT B . BN AME SO0 2R
wahn, & ERFE B BRIz i VIR

Yo CHEIRINT IR AT AL SE SRR, = NS
HERE . AMPE L R MRk, IR R
HRR . WERE . MsEr i e XaE . Phin
PPN BT % 8 42FR Trypanosoma cruzi (57
[CHEH) | insect meal (B2 HIKE) . Apis mellifera
(% 1%) . polystyrene R Z M) . aphids (8f H).
high-throughput sequencing (/& i &= I ¥ ) .
sterile insect technique (R A F i R) | invasive
insect (Af= B HU) M H B

FEAR A BRI [ A B S 1 AR ) S0
BR A R Rt A B (B] ) HE RS T AR Ak, (H S w5 | 2
RYSCEETE, AN fitness (@), insect meal (2 H
R, system (£ %). chain fatty acids (5% 15
Jili?) . genome (F&[F4]) . intestinal tract (Jif).
larval midgut (174 H) . Ceratitis capitate (3
rh g S ) FR A AT RE R AR R I ST B
3.2 FINEBHERER

F @l — . Insect meal, MBI S5 R Rk
WZ IR EY G L. D5 B AL G Y 0 A
i . HBeACut, DA H A4 B N+ Fn 44
F AR AS ) () 5% ST BRI R B2 IR 2 A
Xof 9 385 fi S A TR A AR 7 AR AR S N, an sl ok
5853 B R B T g Y ) B HR M 1 PR 1 1 3L Ak
SRR, DT A 2 P T A R
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FE RPN B R 5T 017 1 AR 0 A 1 R
AL R4 JE WY B R T8 U 2 ek ST
TSI LSS

F /. Secondary metabolites, i TIL[H]
i, FHErRREA THEY T, JHREEEY)
M RS EYRIRICE SR . BAREYIE
SR R B R R R R, (H H Rk
P05 v IR AT 4 9 100 A B AL AR 22 X Rh sk Ak
TE T EUE Y HCHT 7 R U IR AR 7 A Y 2
Ze B, R R S A ) A AR AR AR
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P g TE AL RS0 . B HUA Al I AR
AIREAE AR S AR TR 3 48 L IR kb 5 3K
T — RGPk 2 B A AL LAY $0 B R R
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VeI AE T B EE B PRI AT SR AR A, ROk
T L RKEIRAN TR LAGR AL,

F /1= . Biodegradation., 4FEK¥IRILIIE
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