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Abstract: The differences of digestive tract morphology among different developmental stages of
black soldier fly were compared and the digestive tract histology in larvae was investigated. The
digestive tract morphology of the 5% instar larvae, pre-pupae and adult was observed by
stereoscope, while the microstructure and ultrastructure of the digestive tract (foregut, midgut and
hindgut) in larvae were observed by light microscope and scanning electron microscope. The
foregut (oesophagus and proventriculus), midgut and hindgut formed the digestive tract of the
larvae and pre-pupae, and the length of digestive tract became shorter with larvae growth.
Compared with that of larvae and pre-pupae, great changes in digestive tract morphology were
observed in adult: the crop and gastric caeca appeared, while the proventriculus disappeared. The
midgut length was drastically reduced and the hindgut was differentiated into ileum, colon and
rectum. The results of the digestive system histology in larvae showed, the salivary gland was
composed of tubular gland and ducts, which opened into the mouth. The oesophagus was
composed of keratinized intimal layer and well developed muscle layers, with its end extending
downward into the proventriculus. The proventriculus was a multi-layer sack with three layers.
The midgut could be divided into four segments according to the morphology of the epithelial
cells. The hindgut had thin and folded intestinal wall, on which a large number of rod-shaped
bacteria were found. The malpighian tubules with four blind tubes were located in the junction of
midgut and hindgut, with clumps of microvilli on the inner wall. The variation of digestive tract
morphology with developmental stages could reflect the changes in feeding and digestive
physiology. Each segment of the digestive tract in larvae had its specific histological
characteristics. The foregut, midgut and hindgut may undertake the functions of food reception

and preliminary digestion, digestion and absorption, and reabsorption respectively. This present



study provides important morphological evidence for further understanding the digestive
physiology of black soldier fly.
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FERTERAE . LA/ 60% I T CHLEE 1 42%, HENT 8%) 1ENREFREE, fEIRSRIR Y
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28+1°C, HHXHRIE 70%~80%, HSANH, 3 d A RIEREIRPHIEIR, FIEE FREER. 51
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MIRTS P JE =5 BN A R b BOR &S B B 4L 22 5 (Bonelli et al., 2019), ¥
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X & B SE R AGE , S R, g, S R T IRE A, BB RN 5 mmxS
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M. 73 A 50% 70%- 80%- 90%- 95%- 100%[1] Z BEHEAT LK, TR EEMLK 15 min;
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Japan) BEATWLEEIFE KA EIG T
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Fig. 1 Digestive tract morphology of the 5 instar larvae (A), pre-pupae (B) and adult (C) of black soldier fly
7E: FG, 1il; MG, Hl4; HG, J&l; Oe, if; Cr, WFE; Pr, 11 Mt, HIRH; Ge, HET: 1L, El; Co, 4ill; Re, B,
Note: FG, Foregut; MG, Midgut; HG, Hindgut; Oe, Oesophagus; Cr, Crop; Pr, Proventriculus; Mt, Malpighian tubule; Gc, Gastric caeca;
11, Tleum; Co, Colon; Re, Rectum.
k1 BKELS #4hHR (A)  FudE (B) RAERHAVEC. BEKAMFAEK (n=8)

Table 1 Body, digestive tract and midgut length of the 5™ instar larvae, pre-pupae and adult of black soldier fly

(n=8)
REHB 4 (mm) THALIE R (mm) K (mm) B/ T KA TE K
developmental body length digestive tract length midgut length digestive tract midgut
stages length/body length length/digestive tract

length

%))t larvae 20.04+1.45¢ 137.44+13.07° 97.99+12.15¢ 6.85+0.18 0.71+0.03

2000 um




il pre-pupae 18.71+1.19° 97.75+7.65° 61.39+7.15° 5.22+0.18 0.63+0.06

AR adult 15.49+0.68* 14.90+1.26* 7.78+1.36° 0.96+0.08 0.52+0.07

Vir [ ARG i bR R %8B A 5% 1 % 5(P<0.05). Note: Superscript of different lower case letters in the same
column indicated that the data in this column were significant differences (P<0.05).
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IR AT M WS, RIUREERSE, DIGHUIESE, BREE N LIRS, A MR ER
BN (B 2-D) .

SU8000 1.5kV 13.0mm x1.00k SE(UL)

B2 oK 5 B4 B IR TS 5 ARG
Fig. 2 Morphology and histology of the salivary gland in 5% instar larvae of black soldier fly

VE: A, HERRIEZS; B, C, IRk Z S HI(H.E. 100, 400x); D, RRiAHBMEE M), SEM. 1000x); N, 4HMIK%; Mi, 19486,



Note: A, Morphology of salivary gland; B, C, Microstructure of the gland (H.E. 100%, 400x); D, Ultrastructure of the gland (cross section,
SEM. 1000x%); N, Nucleus; Mi, Microvilli.
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Fig. 3 Microstructure and ultrastructure of the foregut in 5™ instar larvae of black soldier fly
VEA, BEIEFIHT S 0 B MEAY), HE. 40x); B, ®IEN B LAWY, H.E. 400x); C, # H I RMZHI#Y, H.E. 100x); D, #i
H A BE (¥ I (SEM. 10 000x); Cm, ¥FWL; Lm, HL; Pm, & N, A, Cu, fMBRABIZE . Note: A, Microstructure of

oesophagus and proventriculus (longitudinal section, H.E. 40%); B, Microstructure of oesophagus (cross section, H.E. 400x); C,



Microstructure of proventriculus (cross section, H.E. 100x); D, Proventricular acanthae on the inner wall (SEM. 10 000%); Cm, Circular

muscle; Lm, Longitudinal muscle; Pm, Peritrophic membrane; N, Nucleus; Cu, Cuticular intima.
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Fig. 4 Microstructure and ultrastructure of the anterior midgut in 5" instar larvae of black soldier fly
WA, B, AT BLRBEE (AT, HE. 100x, 400x); C, " il BOE R4 # (B Y], SEM. 150x); D, H fig i B Ji BE Py BE(SEML
3000x); Cm, ¥ WL; Lm, HUL; Re, FA4HML; Ce, FEARYHM; Ec, 4rib4H i, Mi, #4RE; Pm, B &M L, M. Note: A, B,
Microstructure of the anterior midgut (longitudinal section, 100x, 400%); C, Ultrastructure of the anterior midgut (cross section, SEM.
150x); D, Inner wall of the anterior midgut wall (SEM. 3 000x); Cm, Circular muscle; Lm, Longitudinal muscle; Rc, Regenerative cells;

Cc, Columnar cells; Ec, Endocrine cells; Mi, Microvilli; Pm, Peritrophic membrane; L, Intestinal lumen.
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Fig. 5 Microstructure of the middle midgut in 5% instar larvae of black soldier fly
A B, T B A BEMEEHEAIE, HE. 100x, 400x); C, D, FpH B B B MM VI, HE. 100x, 400x);E, F/f
FB-A BN BE(SEM. 400%): F, Hfrh BL-B B P4 BE(SEM. 400x); Re, FAEZTML; Ce, HOIRADMY; Ec, /MA40MI; Co, HiZHML; N, 40
ML L, Bl . Note: A, B, Microstructure of the A segment of middle midgut (longitudinal section, H.E. 100x, 400x); C, D,

Microstructure of the B segment of middle midgut (longitudinal section, H.E. 100, 400x); E, Inner wall of the A segment of middle

o |
100um




midgut (SEM. 400x%); F, Inner wall of the B segment of middle midgut (SEM. 400x); Rc, Regenerative cells; Cc, Columnar cells; Ec,

Endocrine cells; Co, Copper cells; N, Nucleus; L, Intestinal lumen.
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Fig. 6 Microstructure of the posterior midgut in 5™ instar larvae of black soldier fly
VE:A, B, HigfE B REMAMEAY], HE. 100x, 400x); C, D, /75BN EE(SEM. 400%, 1 000x); Re, FAE40M; Ce, HORAMM; Ec,
STUAAIIY; Mi, 4R E; L, BlE. Note: A, B, Microstructure of the posterior midgut (longitudinal section, H.E. 100x, 400x); C, D, Inner
wall of the posterior midgut (SEM. 400x%, 1 000%); Rc, Regenerative cells; Cc, Columnar cells; Ec, Endocrine cells; Mi, Microvilli; L,

Intestinal lumen.
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Fig. 7 Microstructure and ultrastructure of the hindgut in 5" instar larvae of black soldier fly

I AVB, E RS, BT, HE. 100%); C, &AM Es (811, SEM. 250x); D, J& A& EEIFFREIE (SEM. 5 000x);
Cm, #; Lm, LN, 4084%; L, Faf . Note: A.B, Microstructure of the hindgut (cross section, H.E. 100x, 400x); C, Ultrastructure
of the hindgut (cross section, SEM. 250x); D, Bacteria attached to the hindgut wall (SEM. 5 000x); Cm, Circular muscle; Lm,
Longitudinal muscle; N, Nucleus; L, Intestinal lumen.
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SU8100 3.0kV 10.5mm x3.00k SE(L) 10.0um
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Fig. 8 Microstructure and ultrastructure of the malpighian tubule in 5" instar larvae of black soldier fly
H:ALB, IRE B, HE. 100x,400x); C, 5 K& R HI@EY], HLE. 400x); D, T FE P LI % E(SEM. 3 000x);
Mi, % E; N, 4% . Note: A. B, Microstructure of the malpighian tubule (longitudinal section, H.E. 100x, 400x); C, Microstructure
of the malpighian tubule (cross section, H.E. 400x); D, Microvilli on the inner wall of malpighian tubule (SEM. 3 000x); Mi, Microvilli;

N, Nucleus.
3 5t
3.1 BKELARE & B M EHLE R LS HFE

EE JUH T AL TE AR I FE R A SRIERILBE I AN IR, T 23 D9 i Al i, el o3 A& 48
HEVBEE R B IRV BRITEAC SR LR BRANHE & 5% 1 D € (Nation,
2002). X FAZREMRIKYE, ASRE s, HAGHHS e, OfH L, £
WK 3k 47 Y8 (Miguel-Aliaga et al., 2018), L& N B HIEAFK B M Bt 412188 B 4= BEIh A 1
et AT, WUEE| TAERUKIE =R BN BOELIEES EEEER.



FMAFKWE Musca domestica % XGH H 4 8y, FoKW-& ¥ aG p th . BE A B 4.
i B BRIE, B e, @iy et i, HE IR R, 1999;
Bonelli et al., 2019). H i /2 B H 5 B 2 (1 46 3 B (Caccia et al., 2019).  FB/KEES) bz &K
JE R TR EAE K BRI 2/3, X 5. S I O B I Ak TE R AR AH R A
(Boonsriwong et al., 2007; T4, 2011). BEATREHH (6 W4 HO J5, BE/KEH) 284 A R
B 75 75 - Bk (Barros et al., 2019), 1F1E8 &, LI HE % (Tomberlin ef al., 2009; 7 ¥ K&
&8, 2020) 0 ASHIFFEAE SR KB T 1) il i R R I B BE, R duAR L, T e AR AR N,
KA, HAETEAGEN BRI R 21 .

AT EER], FOgh o K A b, Bl Bl R ) A TE T A N g M R A T RINZAR AL,
BT B WA HI VRN E . P KEH PR E o v G E .
AT, B S A B e B MR 45 S Thie 4y L, AT RRATY R A B i v Ak 5 Rk
RE 77, IX 5 R B K Rl B A AR BB ST B S5 SR AT o Bruno S5(2019)BF ST R B, HA/K
g U B T B ThRe M b R SR, WSS RN B S Y A B A PR AR T — S
SO 4 T RURE S R AR, RS 3 In M e (¥ 7 A HL 3% 0 7= 99 & (Bertinetti ef al.,
2019), FF48 AT LUE I 42 B DASR i FCPE R RO 3% 1 A b (P e o 2R T4 (2018)
NAAE R K B 2585 BB T W] SZ AU ) R TE I HETE AN B T B3z 4%, HEAT
SR GEHEAT SRR T RE, R B TR A — I I SR Z 8 7 o /K A L 1 fr i
JE T B BORE MR, XU H R SR 4, 1B B A A i AE A
(Boonsriwong e al., 2007), EREWE I IRIGIE N BWIBEN FIHMAE . Rdhpnim el T B E
¥&, WIRER TP RgnRL, TR EEAT 7 AR, T EE I B E K A i
TR TIAR, i A ML T8 IR R RS SR (ERA K, 2004; B3, 2015). HEDN /KT
A IR B E %, wREt AR RE. Bl B, R Ao al . S
H, AT CIRIE R G H . HRR R S (Gillott, 2005); e — e 4] JURRAE AT i AT Bl
WP, L SCHC . BN ERAEAT A R (R IR AR, 1996). LU ESF R K B HRU ) T AL
TEI SRR, 20 7 (R K R 45 6 5 1 b A B AR AL T B mh A
3.2 BKACLRIEE AR

55 WA B e B R AU b, SR 4 U T2 X SRR AR L
FH i (Miranda et al., 2021), X EEG 8 T HEKEH RS, B HAES A DR
Gr BESEE FRANI A (K I IS A S R R 2 R WL R I B T A )

(Clissold et al., 2010; XBFIELE, 2020; Zhan et al., 2020). AW FHIE LB T Bk WL R G



MILLLER, itk — DR N K kA BRI FE AN AE 1 T A R 42 5

W A B TS AL R G P (W B B b R, FUR AR T BEAE AN [F] B HURh 2 oh 22 SR (T
HHS, 20210 ASHF TR I, HE 7K 4 S0 MR Yt P 8 SRR K PO A PR B R e 2L
AT EEWM, BRRANE G A, RIS O H R R R R A R AL (R K,
2004). JGHEALEEE RARY], Ay R S SR AL T RV AR AN, BT A R U Y
S3UWARIURE, T LAEEE I ) 0 I 9 o Kim 25201 1)F2HR 8 7K - 4 H e 8 i 1 i 38 1 Xl -
S B TG, R I Hh A T P v R, 2 T MR A TG R R
B, Hoor bt £ BN PERORE 8 1 o ARBE I AT T K R IR AL S SR I LS, H
FCUHRE BB A, B TR B S AT — DR, DI BT T IR

PSRN )y SRR M E R ST B AR BB AT R (R ULPR R 5 R P B, BB A
FIWTBE . BIE Lo e A4 Fl (Zhang et al., 2012). B B RIS IBLI R0, NENE
BRI ENTE BB E RN, ENBEAERENER: SRR EREmmE - (R4,
2013), W& (a2 aBaRmEL R, AERERE . RSN aYEd i
AR ) BRI BE S, BENETE, PR B AR (Y #ETIR ISR T .
BRAN, B RT AT S RA U KL (Tzou ef al., 2000), SE/Ki AT 5 A2 75 B4 210 2h
REIEA it — B T

R AR IS £ B A R EZEL, KA i B 2 BRI i BE A
AAHHRAM . 2R 40 i % (Miiguel-Aliaga et al., 2018). FLi 1K) o i KECAT 20 R0 g, o
H i ARG i = A8 43, ARG AT DRI A IR T3S S DhRe i — 240173 -+ 2> X 38 (Buchon
etal,2013). ZMLRY, HEKICA) U it n] KB ARG, e JF=94r, pH Jet il 2
PURRE L 9L A, A DX B AT s R 4 TR A AN D BEAFAE, Ferh, RSB TH AL 70
D fe i ER A7 3 252 7 BT B (Bonelli er al., 2019). A 58 0] iz 3B T2 L 7y B 4 D ) 2H 23 27 L
SRR G AT, o hm. . JFE=8 EO g BodhAT 1k — 2 g sy
(A BRI B BO o Hrv, WigaiBmbe B, W bR i AR b s gu i, 73 W4 i DA
LA, ARERIE . ARSI S AT RIS AR B A b S K AR
A, BT B R R BEAA, R RE D AR A Bl SRt AT BE B AR B 237 T (Sun et al., 2021).
BB S AL B BRI 2, 76 A B bR R T AR s 124 B R AL
FYIIRE T, (615 KW B % I pH E B AR T HA B Bt (McNulty et al., 2001). 7EF 6
J 5% B2 AU S (Overend et al., 2016), HEMI T AE A& Ay FE 2L 4b A 22 75 42 HEARURF 0 2R
Hi. M B BWIEECR, e, A0k, o d AR AR B AR 52 2 SR8 T A B Rk



BS54 . Bonelli %5(2019)7E 0 Bosr I 21 1 45 v ¥ 74 B Vs e, HEWUBL BE AT BEAN 2 5 AT 7,
T A 7 4% TP o A5 JE A T A A o o S5 B R AL R 68 5 T B AL, (EA B T R
Hk B A 40 R K50 B iy AT TR, 2 W T R AL B Y A TR 1 40 TH 6 AT TV 55 (Bomelli et all,
2019). AL BEBOR I T BORAH B 1 e 1, (HH RN R AT DD RE M AN A . MRS (2017)
M K4 U rh 2 B KB 5 T BRI Enterococcus, HLFRJE AT BERZ W) R4 FIFRFEEA
B3 (Liu er al., 2020). 7 BR e a4 A 0 09 28 A it b B 0 5 B B (Whitman et al., 1998),
W R 8L Nasutitermes hainanensis T A 5 53 B BI(# 53, 2016) . FE 7K %) HUT)
JEMaARAG, B, i b AR, PR RS, TERCE R AR A, XK
5 53 B B 9 M ZURFE(Novak, 1975). S RE (RRFAE 5 9 s R T AR OR R3S I, 1 T4
JiR A e S FE RIS (R 43 B, 2007; Miguel-Aliaga er al., 2018). AW FUIETE 5 i Py BER B T 3=
BIAPIRA T, R 5 R I A B AR s 3 1 E 22 BT (Ao et al., 2021).

LREHET . BT, ARZHE SRS, SR - P 2 E
FAEH(Cagan, 2003). B/KUCA RS RAEA 4 1R, FEEMRE ERAMPA, & 2~5
fuIFge— RUE B BE(E BT K, 2004). MG T BoR, DIREE ARG KRENHMAE: &
WA EERILE R S 428 Chrysomya megacephala RS 4 W %€ 3] (Boonsriwong et al., 2007), X
REGIN T 5 [RAEE s AR TR, AR T P05 (1) 5 #e(Zhang et al., 2012).

25 b, BTN BAKEEAN F R BB B B T A AT TSR LR, R E 4l B
WRGIM AL EREAT T T, VI FAR T K WA B SIS IR AL SR AE . TS5 RN
BE— 57 fifp 7K (1 A A B AR (it T B B AR . SR, H T A R
LRI SR BR A, SR FEX Y A3 5 2L 2 g P SR s i sk Z 10E— 2D 0 T . BRI, RSRIE TR
FIRE S e, a5 A HAUL RS TR E, W K6 R G M40 45 14 e ThREVEIR NI
SRR, TR NS T fiff SR KE 5 R RS A e AR A
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