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Effects of diet on the midgut morphology, digestive enzyme activity,
and microbial community structure of Antheraea pernyi larvae
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Abstract [Aim] To investigate the effects of different diets on the midgut morphology, digestive enzyme activity and
microbial community of 3rd instar Antheraea pernyi larvae. [Methods] Larvae were randomly assigned to a treatment and
control group. The treatment group (ADKD) was fed an artificial diet during the st instar stage and fresh leaves during the

2nd-3rd instar stages. The control group (CKKD) was fed fresh leaves during the 1st-3rd instar stages. The midguts of 3rd
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instar larvae were dissected, the midgut tissue was fixed and sectioned, DNA extracted and 16S rRNA sequencing was
performed. The activity of lipase, trypsin-like protease, a-amylase and trehalase, were measured. [Results] The midgut
morphology of 3rd instar ADKD larvae was not significantly different to that of the CKKD group. The activity of trypsin-like
protease and trehalase in the ADKD group was, however, significantly higher than in the CKKD group (P < 0.05), and lipase
activity was also higher. The diversity and composition of the intestinal flora of 3rd instar larvae in the ADKD group differed
from that in the CKKD group; the Ace index, Chaol index and Shannon index of the ADKD Group were all higher than those
of the CKKD group. At the phylum level, midgut bacteria mainly belonged to the Proteobacteria, Cyanobacteria, Firmicutes,
Bacteroidota and Actinobacteriota. The Proteobacteria had the highest relative abundance, significantly higher in the CKKD
group than that in the ADKD group (P < 0.01). Conversely, the relative abundance of cyanobacteria, firmicutes, Bacteroidetes
and Actinobacteria in the ADKD group was higher than in the CKKD group. Relative species abundance was obviously
different between the two groups. The Lachnospiraceac NK4A136 group, Lactobacillus, Comamonas, Lysinibacillus,
Acinetobacter, Nesterenkonia, Dokdonella, Bacillus, Sphingomonas, Halomonas, Enterococcus, Kurthia, Massilia and
Psychrobacter, were all more abundant in the ADKD group, whereas Pseudomonas, Enterobacter, Pantoea and Serratia were
less abundant in this group. [Conclusion] Compared to 3rd instar larvae reared on fresh leaves alone, those reared on an
artificial diet had increased digestive enzyme activity and a more diverse and rich midgut microflora. These results provide a

reference for screening and breeding varieties, and strains, of A. pernyi that are more suitable for rearing on an artificial diet.
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ML R OCH %,

FETHER IR . JIMEIRXESE R R, R4,
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1.1 #iEmMEEATLE

BESFEZR A CRPUR, I T8 BB
FITREB IR . ATk Cokia Rl ) il T
BB AR IR, A AR A
(RRER ) . KEREEA . SR TR0 BiiE .
FrEER . B AR oHLER . BiER, AN S
AR BERIIN 17 A TEE KR, fikar4
BB 5] bR AR HA- T L ik
¥ordl . NT R4, 1-3 BaetfEn &
(CKKD) ; XFHR4L, 1#& A ThaRiE+2-3 #5
¥t H (ADKD) , AR E 3 MHEE, B
A 300 kA, IR T8 AL RLAmFTE I Y
G TR TR R 2 159548 (SPX-500,
VLR ) ORISR, RN (26+1) °C,
FHXREE 75%+5% o BTEEFEM Ril 748 Al B2
WEFE P & FRMIFJEH 2 45 A2 BRAR I, B i R4
TR

1.2 EERASME

Jig 17 T e 00 300 5 W e e R AR ) TR
WFEHT (A054-2-1) , a-TEHBEAS IR &
INNEHEG A ARG BR AR (TR, 100 45/48
B, AR R SR A7) G B G
RIHEFEPHARA T (BC2315, BC2515) . [iff
¥Ri% ( Multiskan FC, Thermo 2AH]) , Bl
(5430R, Eppendorf A H] )

1.3 HHPEEFRENE

A3 AL R 2 3 1R EE 3 R4, DU
12 h JEfERIRBGE e R T G, 1xPBS 5
Bk, A 4% RPEEE T, 4 CHRAF, B4
B10 kgh i, sk E A AR R AR YR A R
NFEIHATA S S5 . s A2 E

FE L BUK L RS VTR WA S gt 5 b,
A 7Ed] B4 (PANNORAMIC, 3DHISTECH
A ) TSR HIE R GEM, (G CaseViewer
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BRI IR 2 3 05 3 RAY4IHR, 75% 8
PRFIFE)T , 1xPBS R Il e e TR AR 17K
gy, AR A PR, - 80 CUKFHIRAT -
T 7 NMEYEEE, BAER 3 kY, 1%
) S U B AR A

1.5 16S rRNA PCR ¥ i, BEENF SHIFE
SHT

B AR SR 3 3 W38 3 RAY4h AL, 1xPBS iF
TP VRS IR AR T /K 4y, TR E 6 9 i
TR a2, PR A A TR, - 80 °C
UKFADRAE , 5 2 B CSEAE BRI AT PR ]
T 16S rRNA W7 . 58 UE K 2H DNA il )5,
DNA ¥ & Fl4f B 1 Ffl NanoDrop2000 630, 1]
1% 3 BEAHEE fe HL DK Ror i 42 A JE [ 4 DNA Ji
w . ff 08 M 51 % 338F ( 5-ACTCCTA
CGGGAGGCAGCAG-3") Fil 806R ( 5'-GGACTA
CHVGGGTWTCTAAT-3") X} 16S rRNA J[K
V3-V4 Xi##47 PCR ¥4, FIH Illumina Miseq
B X A REAR HEAT P B A B 2RI . i
Trimmomatic {4 R 4A M 7 P51 fi4% FLASH
BAFSATHHE . RYE Tlumina Miseq F 5 44 &
PE250 FSCE o M3 97% AR BLEE %ot 471 A T4
YE4325 547 ( Operational taxonomic unit, OTU )
BRI, HEBRHRIFIIMAEIR, #id I-Sanger =1
E8HEE (https://cloudmajorbio.com/ ) X455 7
IHATHIFN 3 2T R o

1.6 HiESH

B b FR T SPSS 25.0 B, fEEfH A
Graphpad 8.0 #ff, i DP9 (E+bR iR 25 3R
No TESMMTHT, f#FH Shapiro-Wilk F1 Levene 5
5 3 S0 SO R A T 1E 2 A AT RNy 25 55 PR gk
ZH B HL 3R ST AR ¢ K3 T A SE S A i 1
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HRALA il e IR (18] 1. ) FBRss i (1A
1:D)ARWEEZES(P=0.08,P=029, ),
U/NEPIATHRRE T 3 B piEs g s

TRPHFEH A HE BB TR

1EH,
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ith S XE

= 501 £s

P =520t
PRI AR B - of HEAH N LA
Control group  Atrtificial diet Control group Artificial diet

(CKKD) group (ADKD) (CKKD) group (ADKD)
Kb PR Treatment AbPH Treatment

B 1 #EEGYHPFBAARS
Fig. 1 Tissue morphology of midgut of Antheraea pernyi larvae
A, X4 (CKKD) il ks B. AR (ADKD) Hliablfr; C. x4l (CKKD)
NTHkE (ADKD ) HmiaEER R ;s D. x4l (CKKD) FMATARL (ADKD) ol Kass R

CKKD: XPME4H, 1-3 iHmiiim&;

ADKD: AT/AaPEHH, 18 AN TR F+2-3 W rEnt & .

ns FRAEHRR 22 R AN RE (P>0.05, (K ).
A. Midgut histological picture of control group (CKKD); B. Midgut histological picture of artificial diet group (ADKD).
C. Midgut wall thickness in control group (CKKD) and artificial diet group (ADKD);
D. Midgut crypt thickness in control group (CKKD) and artificial diet group (ADKD).
CKKD: Control group, reared on fresh oak leaves from the 1st to 3rd instar; ADKD: Artificial diet group,
reared on artificial diet during the 1st instar, followed by fresh oak leaves from the 2nd to 3rd instar.
ns indicates that the difference between treatments is not significant (P > 0.05, ¢-test).

22 FRAMEX 3 RHERHLEEENR D

VEZR 3 U84 HIH AL IS (3R 1) 43k,
N Al 8 B 7 Tt | 2K IR AR 1 T RV P T
PEROGT RRZE I HE N, b 2 g A 1 il R T SR
TS W EE R (P <0.05) .

23 AREFEEX 3 WG EERFAR
B % M)

2.3.1 Alpha SHFMSESH A TR R IR
21 9 NHBRE LIRS 783 249 Sk BT,
SERBEN 425.61 bp, HHIE 2 AI UL, PHLHAES
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HRATF 654 4~ OTU, HrpxffEA 285 4>, A T4H
B 592 A4, P4 19 OTU %k 223 4>, 5%
WA, A TAkEHE OTU 4 1.08 1%, E£HA
TARBFE MO T U A A R TR B 2R

FALEEL] Coverage FEEIITE 99%LA I, F#

x1

HH s 235 R AT AR AR A T A B 1) LS I o T
TAIRHH Y Ace F5%K . Chaol 8404 i 38 & T X4 IR
4] (P < 0.05) , Shannon 5%t = F X BR4H
KN TR I o 2T E B
Yom e XTI (R 2)

HALEEE T

Table 1 Activity of digestive enzymes

1L B Digestive enzymes

JOSZEEE]

NG5 (U/g)
Lipase (U/g)

FKREAR (Ug) o-JEMEF (U/min/mg)
Trypsin (U/g)

RS (U/mg )

Treatment group
Trehalase (U/mg)

a-Amylase (U/min/mg)

X} REZH Control group 10.89+1.590 0.03+0.005 3.00+0.270 0.04+0.020
N TAaRIH  Artificial diet group 11.32+1.360 0.240.080 * 2.23+0.120 0.55+0.170 *
XFHRZH (CKKD ): 1-3 @8 FEHE ; A T/EI4L (ADKD): 1 & A T/ E+2-3 WFaErEt & . £rhsdE b v

fApRER, RS RN BEESR (* P<0.05, ** P<0.01, MAFEA ¢ K% ). FEF.
Control group (CKKD): Reared on fresh oak leaves from the Ist to 3rd instar; Artificial diet group (ADKD): Reared on
artificial diet during the 1st instar, followed by fresh oak leaves from the 2nd to 3rd instar.Values in the table are mean+SE.

Asterisks indicate significant difference (* P<0.05, ** P<0.01, independent samples ¢-test). The same below.

369 223 62

® A T/AHl4 Artificial diet group (ADKD)
Xt B8 Control group (CKKD)
E2 OUT FiaHmFERE

Fig.2 Venn diagram showing the number
of OTUs distributed
CKKD: XfHE4l, 1-3 @it/ ; ADKD: A T4k
4, 1IN TRE+2-3 IR EAErF ., TEIE.
CKKD: Control group, reared on fresh oak leaves
from the 1st to 3rd instar; ADKD: Artificial diet group,
reared on artificial diet during the 1st instar,
followed by fresh oak leaves from the 2nd to 3rd instar.
The same below.

2.3.2 Beta ZHMESM T Weighted unifrac
1) AR ARI T ( PCoA ) 7, s PC1 Fl PC2
X it 22 5 A BT IRAEL 5390 h 58.59% 11 17.49%
PIZH M REE S 22 7 B (R=0.4, P=0.006)
(E3) , ULEA N TARDEME i i A P e T e 3
T8 5 %) B2 [B) 7 A B . 25 5

233 TTKETHEBEEW A TREAH AT

M2 i A R AR S EE R T 1% 1136 5 4,
FHEITFAIEFTE T Proteobacteria ., 14 34 1 ]
Cyanobacteria, JEEE[] Firmicutes, fIFTE1]
Bacteroidota FIiLZ 1] Actinobacteriota( & 3 ).
PRZELRE it AR T TR T T A AR R 3 B s, HE e iR
A F R B m TN TR (P <
0.01) , S NT AR WE SRR ] JRERER T
FOUFF TR IR 2 TR 1) AR R 32 5 1 v T 0o AL
234 YFEBERSW WA FEERIESH WLE
4, NFREA AN TARRHH A P = B RSB &
IFe NTRHL 3% 7 BIRE _NK4A136 H#if
( Lachnospiraceac NK4A136 group ). FLERFT
J& Lactobacillus . \\E M E Comamonas . i
B MR A W J8  Lysinibacillus . A 3 7 & &
Acinetobacter JEWHEEFRH QR E Nesterenkonia
KPR Dokdonella, ZFAFF IS Bacillus.
MR MR JR Sphingomonas . 5 % 18 )&
Halomonas . ¥R JE Enterococcus . FEFF R
J& Kurthia. D3EW & Massilia WK 18 B
Psychrobacter 55 W AH XS =F B, 10 1B H0 i 147 J
Pseudomonas . [ T #J& Enterobacter. 12 )&
Pantoea MWV R E Serratia %5 HYFXTEBE N
BEAK, DTS T R AR 25
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#R2 Alpha EHEMSH
Table 2 Analysis of alpha diversity index

OELIE) Ace F53L Chaol 5%k Shannon $§%% Coverage 5%

Treatment group Ace index Chaol index Shannon index Coverage index
X} B&2H Control group 142.80+22.37 135.40+20.33 2.18+0.28 0.999 7
N TR Artificial diet group  263.75£56.39 * 258.75+55.93 * 2.79+0.31 0.999 7

PC2 (17.49%)

|
=
NS

Fig.3 PCoA based on Weighted unifrac distance

(=}
T

Adonis R*>= 0.4, P=0.006

II 57 T, .
l‘ ~
\ N
\\\ \\\ F & ‘1
\\\ ~ \ \ y |
\\ N y C ! 5
\ ADK_D4 ¢ ° /
\\\ y 2 CKKD:;/ A
ADKD3 o /e cKKD?
WDKD1  gecgkid1
./ ADKD4"
o A\ Tikid T’\ P
Artificial diet v~ b
group (ADKD) R \
® x4l 1
Control group . )
(CKKD) gy
-0.4 -0.2 0 0.2

PC1 (58.59%)

B 3 ETF Weighted unifrac BEEH)
FHIRSH ( PCoA)

Adonis 73, E#HZICTT T

Adonis analysis, permutational multivariate

analysis of variance.

x3 NKFTHRABEESH (%)

Table 3 Distribution of dominant microflora at

phylum level (%)

EIRER S N T Ak 2 Xf R ZH

Phylum name  Artificial diet group Control group
S 60.93+4.83 ** 87.42+3.36
Proteobacteria
EEE] 16.74+7.55 2.71+£1.27
Cyanobacteria
JERERE] 11.48+1.97 5.79+1.56
Firmicutes
TR HE] 5.60+0.68 1.98+0.80
Actinobacteriota
WIFFE] 5.50+2.25 1.22+0.45
Bacteroidota

3 Thig

VEZR /NI T ARDRHA B R R SL B/
T A ARCT AFEREE TR | SRR
BT AR A ST SR | B ST sl
BR, LB A iR A 7 b il e T Fp 2 & R 1t
PR EAAREREE L (255, 2023) . Y4
HEN AR R A/ N IR T I L BEERE T 55 2
EHCRAL. SRR E NS (BEVKAE, 2023) .
AWFFEEL B FEELE FAER 3 g Ao g
RERSAWH B 25 ML EE T, B o
TERTEEAN , N T2 A R I T . JBR 2K 1 il A it
WO PR = T IR Ak, X R i i
FREIEAT T il ST, e Z BN Tha kg rp
WA R M & 28R, FRATIA
N TR AR T A i e Ar e, i
TS T R ZREE S E 5B, X R LS
PR RS B3R T 4 HOA I Ak 2L BRARRAE

AL B B AR | A B MR
B, AT N T AR R R IRl A T2 &
BT W25 5, AW T AR FE & v i i 1
()& B I, Al MR A Jo S8 5 g A A A8
FEWIBTAT T Al o B O A T i i R S AR L
B WCE TR BE G Al Bt v e A W o 2
MIFERT, 5 B B A i T sl R AR % BB
X (Terraetal., 1994 ) o A5 K& A T 1k 4
F14) JE 11 TR R A I 6 2 3 R X IR Y
8.00 f5 AN 13.75 £%, el S PE AN, 2Kk
HHME R PP EZEMHEILE ( Premanand
et al., 2010 ) , AW N T IR o i 2SR
RS P R, U TR B A e 3
% 4l ML P B 1 PR . i s R O 7
VAR A SR L B A E RN, i
WWERGS 55 R R AR, W K A TR A R A
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0.6
0.4
0.2 ‘

NTHERH SR
Artificial Control
diet group group

I A\ TAARI4H Artificial diet group
Xt E&ZH Control group

4340 Group

FHEE NK4A136#; Lachnospiraceae NK4A136 group
FAIHAYTEFLIZE Rl Unclassified Nitriliruptoraceae
HATHE Lactobacillus

MNEBHHEEE Comamonas

W R ZEHIAT BB Lysinibacillus

AT HE & Acinetobacter

1EHHEER K8 Nesterenkonia

27 % e WHE & Dokdonella

K42 I ZLE R} Unclassified Methylophilaceae
ZEHUAT B Bacillus

RN IE)E Sphingomonas

B R Halomonas

JERE 8 Enterococcus

FE/R¥F R & Kurthia

OygF| I & Massilia

W&V J8 Psychrobacter

BN Pseudomonas

¥ T )@ Enterobacter

1Z )& Pantoea

YWEKEE Serratia

4 MFMEEREE (BKF)

Fig. 4 Heat map of species abundance (genus)

Wi e 7 T PR 5 4 1 B 105 4 e i H vk /0 B
MR, 3 L6 7 PR A W SO S 2 R i 2 2
g A 4 H i — ER AN#E S ( Ponnuvel et al., 2003 ) .
TIINE TR, ZE A 0 i 1B A AT DA WA
JUiTi (Feng et al., 2011 ) , 5CHED AR 7 G P14
JaT et 5 1 18 A R AR A DG o R R A
FE AT P S 2 T = g v s
WG (Ren et al., 2025) , 7ERAT B Calosoma
maximoviczi JiB W 7B TP 75 TG & A ZEfAT
RS IR bR, HLEE G, PRI
TR AT BE 5 1 3 09 5 W AR AR OC (30T A4,
2015) . REZEE/NEMRHAANTHEEE, &
S KW R MRS, 24 AT B A M2
ROV, AT LA b o RN T DR R AR AR
25 A ARGGAEE AL, BRI KRN TR R A
ft# ( Chinnaswamy et al., 2012 ) . #ARMIEH

N TR ZH 2 I A G | Y M T S50 P A 1
Al R —FIVERAR N B S RE R AME R 7 .
W, DN A At T 3G 5 2 A A
JEFEZR &) B AMEE A ML A G, IR TRk — 2
W5 HIE

AHIFFERT N T ek 28 i i Xl 21 i B
W Z AP E A IS5 A AT AT, AR T4
B FE A v i T A W) 2 R PR FRE P 4548 e A2
AL . N AR A Shannon $845 8 2 = T Xt
Ml FERFE R Ace F8EUFN Chaol FEEL.
FE TR RRAL, R T AR 3 i FEAR 4
A My ) AR T B T e A SR D 3 i
M 2 4y b i 0 00 35 TR T AL 46 AR T AT T
Proteobacteria, 47 | ] Cyanobacteria, J&EE B
I"] Firmicutes, #LIFFE ] Bacteroidota FIZL F
[T Actinobacteriota, X555k MSE (2018 ) Al
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Wang %5 (2020 ) {EEFAR A SRR Z61F T R B
5 W IR A g JOh I RO T TS RAHYI &
Xof Ja 7K - 0 M 3 TR R AT 40 BT R AL A 2
FEE A E AR N Z M s (AR S 5 S,
2011) , N AR R A FLRRFT R Lactobacillus
FE I EH NK4A136 ( Lachnospiraceae NK4A136
group ) VA NJAHERHJE Enterococcus 5 ) =F &1
I FURRAF i R A4 I 18 58 B . Sy A
A e s Ty T A 2O HEZE AR ( Carr
etal.,2002; Lan et al., 2012; Gayle et al., 2016 ) ,
I REG A R LR R N LR , 875 2 I Y IR
£ FEAZ (Ma et al., 2020;Li et al., 2021; Zhang
et al., 2022) . BIRE_ NK4A136 TERKKILEY)
A E R A RN, 25/ BAERK
KEWT (Huang et al., 2018; Hu et al., 2019 )
X —THJE F R 5 N TR s e A
it S5 T AL S PR R SR AR XTI, A A TR e i 5
(I EE A UL B AERRACE o N T DAk 2 v St it 0
WETE, ATAES BIRE_NK4A136 FERIZLIRAT
VB - EEH A G o MR FFLIR AT T 2 M 1Y)
JG4ERR TR ( Short- chain fatty acids, SCFAs ) 7=
AT o SCFAs AU IE | Bz 4 M i) RE =R,
W EHEIESERE g R A DGR &L (Xu
et al., 2022; Wijdeveld et al., 2023 ) . A T.fakl4H
R 1S VAR [ ZE AT TR R R
BT, D5 2F AT TR 0 R EA SRR S
FIE I WA RE A G, X AR AN IR T o] BB #E— 2D 4b
F T fE 4 R N IR IR AR 1 ( Cheng ez al.,
2019; Shad et al., 2024 ) . JHEKIHJE & —FIEET
R A K511 B 8 ( Ceja-navarro et al., 2019; Liu
etal,2019) , AMHLIARAE KEEHEE SR (Douglas
etal,2017) .
APFFARBE 1-3 N TEA, SO
58 4 B AR A 8 7 SOV AH AR AR 5 ), {H KL
TR A P YIALFRFE K AR, Ak
FHAUN A AT S R SRS E . 2 b
W, AW R BN T E A 3 e drh gk
BRI AEEE PR Hoh i R 2 R S
FEBEE R ARKEDFISE 1-2 R N T
B & 13 BFER A TR E T RA ST T

Ve, UGN TRRBCTT . SEBlME /N
ANTER T e - e E Bie 2%

SE ik (References)

Bonelli M, Bruno D, Caccia S, Sgambetterra G, Cappellozza S,
Jucker C, Tettamanti G, Casartelli M, 2019. Structural and
functional characterization of Hermetia illucens larval midgut.
Frontiers in Physiology, 10: 204.

Carr F J, Chill D, Maida N, 2002. The lactic acid bacteria: A
literature survey. Critical Reviews in Microbiology, 28(4):
281-370.

Ceja-Navarro JA, Karaoz U, Bill M, Hao Z, White RA, Arellano A,
Ramanculova L, Filley TR, Berry TD, Conrad ME, Blackwell M,
Nicora CD, Kim YM, Reardon PN, Lipton MS, Adkins JN,
Pett-Ridge J, Brodie EL, 2019. Gut anatomical properties and
microbial functional assembly promote lignocellulose deconstruction
and colony subsistence of a wood-feeding beetle. Nature
Microbiome, 4(5): 864-875.

Chen MM, Wang Y, Li SY, Qin L, Li XS, 2022. Development and
countermeasures of tussah industry from the perspective of
scientific and technological innovation. Science of Sericulture,
48(2): 162-169. [T, £ 5, AW, 2A), 25+, 2022.
FHEAHT LA T iRk R SR, #lk Bk, 48Q2):
162-169.]

Cheng FF, Chen H, Lei N, Zhang M, Wan HC, Shu GW, 2019.
Effect of prebiotics, inorganic salts and amino acids for cell
envelope proteinase production from Lactobacillus plantarum
LP69. Acta Scientiarum Polonorum Technologia Alimentaria,
18(3): 269-278.

Chinnaswamy R, Lakshmi H, Kumari SS, Anuradha CM, Kumar CS,
2012. Nutrigenetic screening strains of the mulberry silkworm,
Bombyx mori, for nutritional efciency. Journal of Insect Science,
12(1): 15.

Cummings JH, 1984. Microbial digestion of complex carbohydrates
in man. Proceedings of the National Academy of Sciences of the
United States of America, 43(1): 35-44.

Douglas AE, 2017. The B vitamin nutrition of insects: The
contributions of diet, microbiome and horizontally acquired
genes. Current Opinion in Insect Science, 23: 65—69.

Feng W, Wang XQ, Zhou W, Liu GY, Wan YJ, 2011. Isolation and
characterization of lipase-producing bacteria in the intestine of
the silkworm, Bombyx mori, reared on different forage. Journal
of Insect Science, 11(1): 1-10.

Gayle O, Yuan L, Louise H, Angela ED, Shireen AD, Julian AT,

2016. Molecular mechanism and functional significance of acid



- 616 - R B 244k Chinese Journal of Applied Entomology 63 1

generation in the Drosophila midgut. Science Report, 6: 27242.

Haider K, Abbas D, Galian J, Ghafar MA, Kabir K, ljaz M, Hussain
M, Khan KA, Ghramh HA, Raza A, 2025. The multifaceted roles
of gut microbiota in insect physiology, metabolism, and
environmental adaptation: Implications for pest management
strategies. World Journal of Microbiology and Biotechnology,
41(3): 75.

Han B, Guo TK, Quan S, Li XS, Du ZJ, 2023. Adaptability of

artificial diet to 4 Antheraea Pernyi varieties and difference

analysis of SOD and CAT enzyme activities. Journal of

Shenyang Agricultural University, 54(3) : 275-281. [ivK, Z8FK
B, @3, FET, FAE, 20230 4 FERFFOG TR
TP H: SOD . CAT B P22 500 Hr. TR FHARME 2741,
54(3): 275-281.]

Hixson B, Taracena ML, Buchon N, 2021. Midgut epithelial
dynamics are central to mosquitoes' physiology and fitness, and
to the transmission of vector-borne disease. Frontiers in Cellular
and Infection Microbiology, 11: 653156.

Hu S, Wang J, Xu Y, Yang H, Wang J, Xue C, Yan X, Su L, 2019.
Antiinflammation effects of fucosylated chondroitin sulphate
from Acaudina molpadioides by altering gut microbiota in obese
mice. Food Function, 10(3): 1736-1746.

Huang G, Zhang S, Zhou C, Tang X, LI C, Wang C, Tang X, Suo J,
Jia Y, El-Shram S, Yu Z, Cai J, Gupta N, Suo X, Liu X, 2018.
Influence of Eimeria falciformis infection on gut microbiota and
metabolic pathways in mice. Infection and Immunity, 86(5):
¢00073-18.

Jian LY, Yang YP, Xie SH, Lou YB, Chen L, Dai FL, Agrafioti
Paraskevi, Cao Y, Christos GA, Li C, 2025. Life table parameters
and digestive enzyme activity of Araecerus fasciculatus
(Coleoptera: Anthribidae) feeding on different stored products.
Insects, 16(4): 428.

Krautkramer KA, Kreznar JH, Romano KA, Vivas EI, Barrett-wilt
GA, Rabaglia ME, Keller MP, Attie AD, Rey FE, Denu JM,
2016. Diet-microbiota interactions mediate global epigenetic
programming in multiple host tissues. Molecular Cell, 64(5):
982-992.

Lan W, Chen Y, Wu H, Yanagida F, 2012. Bio-protective potential
of lactic acid bacteria isolated from fermented wax gourd. Folia
Microbiologica, 57(2): 99—-105.

Li L, Solvi C, Zhang F, Qi Z, Chittka L, Zhao W, 2021. Gut
microbiome drives individual memory variation in bumblebees.
Nature Community, 12(1): 6588.

Lin L, Xie F, Sun D, Liu J, Zhu W, Mao S, 2019. Ruminal

microbiome-host crosstalk stimulates the development of the

ruminal epithelium in a lamb model. Microbiome, 7(1): 83.

Liu N, Li H, Chevrette M G, Zhang L, Cao L, Zhou H, Zhou X,
Zhou Z, Pope PB, Currie CR, Huang Y, Wang Q, 2019.
Functional metagenomics reveals abundant polysaccharide-
degrading gene clusters and cellobiose utilization pathways
within gut microbiota of a wood-feeding higher termite. The
ISME Journal, 13(1): 104-117.

Liu SH, Chen Y, Li W, Li W, Tang GH, Yang Y, Jiang HB, Dou W,
Wang JJ, 2018. Diversity of bacterial communities in the
intestinal tracts of two geographically distant populations of
Bactrocera dorsalis (Diptera: Tephritidae). Journal of Economic
Entomology, 111(6): 2861-2868.

Long CM, Xiong R, Guo MJ, Li W, Pan N, Yu HX, 2025. Overview
of research and application of artificial diet rearing for the
silkworm Bombyx mori in China. China Sericulture, 46(1):
49-54. [Je W, REZY, SPeha, 246, WRIR, AWK, 2025.
W E &N TAEE W5 5 M. E &, 46(1):
49-54.]

Luo J, Cheng Y, Guo L, Wang AL, Lu M, Xu LT, 2021. Affiliations
Expand. Variation of gut microbiota caused by an imbalance diet
is detrimental to bugs' survival. Science of the Total Environment,
771: 144880.

Ma W, Zheng X, Li L, Shen J, Li W, Gao Y, 2020. Changes in the
gut microbiota of honey bees associated with jujube flower
disease. Ecotoxicology and Environmental Safety, 198: 110616.

Martinson VG, Douglas AE, Jaenike J, 2017. Community structure
of the gut microbiota in sympatric species of wild Drosophila.
Ecology Letters, 20(5): 629—-639.

Oliveira AH, Gongalves WG, Fernandes KM, Barcellos MS,
Sampaio, WMS, Lopes MP, Martins GF, Serrdo JE, 2019.
Morphology and morphometry of the midgut in the stingless bee
Friesella schrottkyi (Hymenoptera: Apidae). Insects, 10(3): 73.

Pickard JM, Zeng MY, Caruso R, Nufiez G, 2017. Gut microbiota:
role in pathogen colonization, immune responses, and
inflammatory disease. Immunological Reviews, 279: 70-89.

Ponnuvel KM, Nakazawa H, Furukawa S, Asaoka A, Ishibashi J,
Tanaka H, Yamakawa M, 2003. A lipase isolated from the
silkworm Bombyx mori shows antiviral activity against
nucleopolyhedrovirus.  Journal — of  Virology,  77(19):
10725-10729.

Premanand AA, Vennison SJ, Sankar SG, Prabhu IG, Vasan PT,
Raghuraman T, Geoffrey CJ, Vendan SE, 2010. Isolation and
characterization of bacteria from the gut of Bombyx mori that
degrade cellulose, xylan, pectin and starch and their impact on

digestion. Journal of Insect Science, 10(1): 107.



33 4 R WEARFERHFERL R IER | RS P A i <617 -

Priya NG, Ojha A, Kajla MK, Raj A, Rajagopal R, 2012. Host plant
induced variation in gut bacteria of Helicoverpa armigera. PLoS
ONE, 7(1): e30768.

Qin L, Li SY, 2016. China Silkworm Science. Beijing: China
Agricultural Press.1-8. [ZH, Z5W¥, 2016. T EFEA2. AL
A0 PEARO R 1-8.]

Quan S, Guo TK, Du ZJ, Li XS, Han B, 2023. Diversity analysis of
midgut intestinal bacterial composition in Antheraea pernyi
larvae reared with different diets. Sericulture Sciences, 49(6):
490-497. [4F, FRYL, 5%, FETE, #Hik, 2023, AR
TRV S T AER S B P i 40 T 1 2 R A . AR,
49(6): 490-497.]

Ren CJ, Meng YC, Liu YY, Wang Y, Wang HZ, Liu YT, Liu CJ,
Fan X, Zhang SX, 2025. Probiotic Bacillus subtilis enhances
silkworm (Bombyx mori) growth performance and silk
production via modulating gut microbiota and amino acid
metabolism. Animal Microbiome, 7(1): 103.

Scates SS, O'neal ST, Anderson TD, 2019. Bacteria-mediated
modification of insecticide toxicity in the yellow fever mosquito,
Aedes aegypti. Pesticide Biochemistry and Physiology, 161:
77-85.

Shad, AA, Ahmad T, Igbal MF, Asad MJ, Nazir Sidrah, Mahmood
RT, Wajeeha AW, 2024. Production, partial purification and
characterization of protease through response surface
methodology by Bacillus subtilis K-5. Brazilian Archives of
Biology and Technology, 67: €24210355.

Sun Z, Kumar D, Cao G, Zhu L, Liu B, Zhu M, Liang Z, Kuang S,
Chen F, Feng Y, Hu X, Xue R, Gong C, 2017. Effects of
transient high temperature treatment on the intestinal flora of the
silkworm Bombyx mori. Science Report, 7(1): 3349.

Terra WR, Ferreira C, 1994. Insect digestive enzymes: Properties,
compartmentalization and function. Comparative Biochemistry,
109(1): 1-62.

Wang H, Zhang J, Wang XM, Hu HL, Xia RX, Li Q, Zhu XW,

Wang TM, Liu YQ, Qin L, 2020. Comparison of bacterial
communities between midgut and midgut contents in two
silkworms, Antheraea pernyi and Bombyx mori. Science Report,
10(1): 12966.

Wen Z, Wang Y, Jiang YR, Nie L, Li HJ, Sun LZ, Yang RS, Qin L,
2015. Separation of intestinal bacteria in Calosoma maximociczi
adult and screening and identification of lipase-producing
microbial strains. Sericulture Sciences, 41(6): 1044-1049. [3CAT,
FH, LY, &G, FER, RIR, BEd, R, 2015
HTF 2 H (Calosoma maximociczi) 1,4 8 40 56 1) 43 55 M
FERR I TR AR AT 2 S 2. Aol Bl2, 41(6): 1044-1049.]

Wijdeveld M, Schrantee A, Hagemeijer A, Nederveen AlJ,
Scheithauer TP, Levels JH, Prodan A, de Vos WM, Nieuwdorp
M, Ijzerman RG, 2023. Intestinal acetate and butyrate
availability is associated with glucose metabolism in healthy
individuals. iScience, 26(12): 108478.

Xu JZ, Tang MQ, Liu YN, Xu JH, Xu XX, 2022. Safety assessment
of monosodium glutamate based on intestinal function and flora
in mice. Food Science and Human Wellness, 11(1): 155-164.

Zhang JY, Wang H, Bian HX, Wang TM, Liu YQ, 2018. Bacterial
community structure and diversity in the intestine of chinese oak
silkworm, Antheraea Pernyi. Science of Sericulture, 44(5):
678-685. [IKFHN, Tk, MIIH, TR, XIEHE, 2018. ¥
TG ARSI S 2R BB, 44(5): 678-685. ]

Zhang X, Zhang F, Lu X, 2022. Diversity and functional roles of the
gut microbiota in Lepidopteran insects. Microorganisms, 10(6):
1234.

Zou CR, Wei GQ, Liu CL, Zhu BJ, Wang ZG, Yang WJ, 2011.
Analysis of bacterial community and screening and identification
of enzyme-producing bacteria in intestine of Antheraea pernyi.
Scientia Agricultura Sinica, 44 (12): 2575 2581. [4k B, ZhE
i, XIIR, RO, E7E5, B3CH, 2011 FERMIEERS
Mr B 7 I TR AN 0 Ok S 4 E . T RO RE 2, 44(12):
2575-2581.]



