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TE: 7o R AR B = R & x4 K # [ 3288 (Channa maculate, Q)x 5 #
(C.argus, &) ®ZFAAN & BHFGRE I & m . L3k F B KHE # o (black soldier
fly larvae meal, BSFLM) 2 71| 2 X 4 &t Bt 77 o & # #y 7.5% (BSFLM7.5). 15.0% (BSFLM15).
22.5% (BSFLM22.5) fr 30.0% (BSFLM30) (Xt i % fim 48.8. 97.6. 146.4 Fn 1952 g/kg ty
BSFLM 4 Ji7) Be %] 5 #¢ % & % Ji8 69 17 B o S AL 525 B3 E  (10.84+0.01) g iy 42 & #
MG SHA, BHINERE, GNELZIBR, FEAH N S6d. FRE T,
BSFLM22.5 f2 BSFLM30 41 i1 7% # 1+ % B B (AKP) & % & T BSFLM7.5 f# FM 4 ,
BSFLM22.5 414 — B (MDA) & E R F T FM 4, £ 4 &+ . AN A 8 (CAT). #
At B f B8 (SOD). & 4 A M & J (T-AOC). 74 & B (LZM). 4 At H kT & 1t 4 B8
(GSH-Px) E & B 2 £ %, s K 2 4 ¥ # BSFLM15~BSFLM30 52 % 41 Sobs. Chao.
Ace. Shannon. Simpson 15 %% & & 1% F FM Fz BSFLM7.5 40, ¥ Z MR D, REAKRIT.
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BSFLM30 41 & % # 7 Sobs 35 %k Chao 15 #fn Ace fg B F & T FM A fn L4040, &
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B R AN, BEORET . WS RAE HE
FrAN B PO SR O T T R, 4 AT R i Ak
BYRY ., PR EAYUEY N H B R EE B
FRgIT, HEFRA A Al 881, nl it ks 4 d
YRR E SRR A a, LR ERE,
TEA iR, B FHRA T4 ok o ff
oy AR 2l SR R A 4l B SRR Hrh ROK
- 1 #) (black soldierfly larvae meal, BSFLM) A &
IR e, AAERABCEE, S5Wa®. A
FERR (C12:0). AR IR R oA AR S5 26 0 196 1k A i
RPGET, B B (Ctenopharyngodon idella)™
K VG EEE (Salmo salar)”. H A AL 8 (Lateolabrax
Japonicus)!'"" . HFifh (Pelteobagrus fulvidraco)'",
i (Cyprinus carpio var. jian)"* 55 #H 3¢ S 50 Uk B /K
7 gl BRK i Ry T SRR AR, XK AR B
YK ERE . IR TSR MUK PR
REST LA KB TS5 W EA R, JHfEKiE
(Larimichthys crocea)™ HR I RAF A2 A,
R, BRSO AU L B DRHE 5, dpk
AR HAT AT R TS D) Ret ial i s

e A7 8 B4 (Channa maculate, Q) 112 4
(C. argus, 3)MZLER, Xa4M0, KRRE,
o o, ARKECREICEEIL, 2K EF LR
IR SR Z — MEF [RTERHLTR (Aeromo-
nas schubertii) A 4 = [CBH M40, 2 51 A 68 R}
(Channidae) £ 288 A I 2 45 15 5 1) 32 250 J5U 1T 2
— U iy TRl AT DL R S AN 2 R (
W & AL AE 55 ), Ay — oo 1l K 7= F Bl
RO TS =KL R A A FH -7 -t
B ESOR

T 2 7K O A 0 X 2 5 8 1 ¥ o 2%
E/IR = AN B TERE R BN TSR iR A B SUUE (SIS
PRI, S S 56 7 AR} rh 8 0 A () 551 2 1 R K o ey
W AR A 1) 2 2 2 8, 5% HLG) 24 22 8 G RE Bt
Ak . T IE GERE R ET IO M R Y R
SRy PR K T Ry 7 2 A2 8 E 5 AR R Y 1 4
WRIEZ%

1 MESIHE

1.1 LIEER

FHAR . SORVRISEM SF B P IR R .
Fe R A i o B 0 VR R TS R AR R A R
(45%) FIAEAR T (10%) TpkE, FLZH A 7 40 W
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1, FEIEFR ., NRITRRAAILE 2. %3, K
BB H AR EY FRIE . X BB SR RRE (FM)
TSI 35% faky, SERZH AN 7.5% (BSFLM7.5)
15.0% (BSFLM15). 22.5% (BSFLM22.5) 1 30.0%
(BSFLM30) f) BSFLM #: At £ 45 e il 1l 45 /45 IR
DR, X R SERRDRE AN 48.8 L 97.6. 146.4
F1195.2 g/kg 1Y) BSFLM ¥ 51, fi & H 4805 7
3 (Parr 6400) W E o ok Faky A1 K G i g 1l 45 i
SEE SRR o SRR R S G = BT BT AL
(SLX-80, w3l T KB S & HLk 53T )
B, VIR 3 mm (90K, 55°C T, —20 °C £
FEMH,
1.2 LRIt 5EFER

FEIH I AE ) IR A OB B sh W B2 i 5
BT 2 SE 00 S MG 38 R A D B &L b b AT, ZRsc i
TN e AT R A F] . 2t 1 A
Fehn, BRI R (10.8420.01) g AYMEREARSS
i 525 B, WEMLIY N SH, B 3IANEE, i
358, AT B 35 27 4k 6T K/ B AR 80 cmx
70 cm, ZEFHN 350 Lo &K 09: 00 Fl 16: 00
WAL R 2 B A R RS, TR 56 o FRAE M K
S WA >5 mg /L, /K 24.0~29.0 °C, pH
5 7.6~7.9, @AA<0.1mg/L, WAEE<0.2 mg/L,
SR AR PR B S S S B RLYE,  JF
Fi A S8 50 40 A 1) R A B TR 5 1 B A T o

1.3 FRSBMERRSE

TSR G, WA —SC i 4 B ALPk i 30
FRZRAct, R IO M TR R AR CR AR BEIR A
T W 5 FE AR PR K BC R ) T B RS A T (20
L) AT IR e SE 8, AR 10 BSLifi, 3K
T, YL N 30°CHEM2h, HIRHKE N
2x10° CFU/mL, 2 h J5¥§scs a5 2 o) — A Rl ke
KN ET b3R5, R # B KR 30 °C K
i, SAOFTEGIEER AL, ARSI R,
WMELIFIC A 0, 24, 48, 96 1 168 h 44
FETIHM, 318 168 h (7 d) NI BFIET- R,

14 #HRRESERIE

o FARIRARRE  BESRLRS, e
24 h G BURE . BEANGIRENLEEH 6 BLgh o,
1 mL JG W {3 9% 4% 76 R oE AT #3500
r/min &0 (80-2 H X BN B0 AL)10 min, B E
WARAET 80 °C VKA, R i) & (FE ot gk

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

W R AR, 4

IKP=244R, 2024, 48(11): 119615

F1 NWANARREFRKT (FUREM)

Tab.1 Ingredients and proximate composition of the experiment diets (DM)

Rl diets

gE|

items FM BSFLM7.5 BSFLM15 BSFLM22.5 BSFLM30
JEK  ingredients
fhK}/%  fish meal 35.00 32.37 29.75 27.13 24.50
SR HURY/%  black soldier fly larvae meal” 0 4.88 9.76 14.64 19.52
TAf1/% soybean meal 16.00 16.00 16.00 16.00 16.00
SEHA/%  rapeseed meal 8.00 8.00 8.00 8.00 8.00
14 #/%  peanut meal 5.00 5.00 5.00 5.00 5.00
XS PIH/%  chicken powder 5.00 5.00 5.00 5.00 5.00
FRSTER/%  high-precision flour 19.38 19.38 19.38 19.38 19.38
f13H/%  fish oil 1.00 1.00 1.00 1.00 0
/%  soybean oil 1.50 1.50 1.50 1.50 0
KEGH/% soybean lecithin 3.50 2.00 0.50 0 0
R — S 45/% Ca(H,PO,), 1.00 1.00 1.00 1.00 1.00
HALIEB50%  choline chloride 50% 0.50 0.50 0.05 0.50 0.50
Y ZCHIRES/%  vitamin C phosphate 0.10 0.10 0.10 0.10 0.10
HiERTIRE%  vitamin premix® 0.20 0.20 0.20 0.20 0.20
WIR IR K%  mineral premix® 0.50 0.50 0.50 0.50 0.50
LT 4EFR/%  microcrystalline cellulose 3.32 2.57 1.81 1.05 0.3
Hit/%  total 100 100 100 100 100
EBFH/KF nutrient levels”
JK4¥/%  moisture 6.31 7.12 5.99 5.25 6.50
HEHF/%  crude protein 44.73 46.09 45.50 45.42 44.49
HEMI /%  crude lipid 10.96 10.21 10.79 10.68 10.78
WK5y1% ash 8.88 9.00 9.12 9.25 9.37
AEE/(kJ/g) gross energy 18.93 19.01 18.92 18.84 18.85

W DSR4 gl R R B A PR A IR, AR R 8 H i 4 R R TR T A, dUR L R B AR R A
48.3%- HIEN119.6% KAF11.5% M % 36%: 2) 4i4 R TRE AT k4t vD 2 000 IU, VES501U, VK 1mg, VB, 1mg, VB,6mg,
JIE#E choline 1 000 mg, VB4 S mg, MHER 10 mg, VA 25001U, E4K 0.14 mg, D-IZE4S 20 mg, MR 1 mg, VC 50 mg; 3) i ¥ iRk
TR FeSO,-H,0 13 mg, ZnSO4-H,0 60 mg, NaCl 1 200 mg, MnSO,-H,0 32 mg, CuSO4H,07mg, KI8mg; 4) 75K ISy

Notes: 1) the larvae were obtained from 8-day-old larvae fed on kitchen waste by drying and grinding at high temperature. The chemical composition of

the meal consisted of crude protein 48.3%, crude fat 19.6%, ash 11.5% and chitin 6%; 2) vitamin premix provided the following per kilogram of diets
contain VD 2 000 IU, VE 50 IU, VK 1 mg, VB, 1 mg, VB, 6 mg, choline 1 000 mg, VB4 5 mg, nicotinic acid 10 mg, VA 2 500 IU, biotin 0.14 mg, D-
calcium pantothenate 20 mg, folic acid 1 mg, VC 50 mg; 3) mineral premix provided the following per kilogram of diets, FeSO,-H,O 13 mg,
ZnS0O,4-H,0 60 mg, NaCl 1 200 mg, MnSO,4-H,0 32 mg, CuSO,4-H,O 7 mg, KI 8 mg; 4) nutrient levels were measured values.

A TR B ST ) D S e He SR AL R S M. T
% (MDA) %t . i S &0 (CAT). 4 bk
{1k (SOD). HE M (LZM). TRPERE R (AKP).
B H Bkt E AL (GSH-Px) % P FL At AL RE
41 (T-AOC).,

AR HEIRELEL 2 B, B
W5 e A R 1B NSRS, 4302 A 2.0
mL R4S E TWA T, RAEAE-80 °C % 1.

R E K7 2: 2 E /) sponsored by China Society of Fisheries

PRI 738 P 2590 A DNA, 6 R Fi o &
HEATRI DAL, S GEmS14: 5-ACTCCT
ACGGGAGGCAGCA-3"; x5l % : 5'-GGAC
TACHVGGGTWTCTAAT- 3") il % X i, V3 + V4,
PCR #"#4, Illumina HiSeq 2500 (At 5t & ¥ & 4k
YR A BR AR MIF o 78 97% W AH AL K F
T HERAE 2B IT (OTU) R4 Hr Fn ) #h o 2 2
53T
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*2 IWANSEERAR

Tab. 2 Amino acid composition of experimental diets %
TH
items FM BSFLM7.5 BSFLM15 BSFLM22.5 BSFLM30

WEEHEM essential amino acid

M histidine 1.05 0.99 0.99 0.98 0.93
JRE L threonine 1.66 1.87 1.88 1.85 1.76
Fi& R arginine 2.54 2.96 291 2.94 2.89
f% %8 tyrosine 0.94 1.32 1.36 1.33 1.34
AR valine 2.54 2.50 2.47 2.70 2.70
HHE methionine 0.78 0.83 0.79 0.83 0.75
JRAEE  phenylalanine 1.86 2.13 2.13 2.09 2.00
SR isoleucine 1.91 1.81 1.80 1.80 1.78
AR leucine 227 2.55 2.61 2.59 248
WEER  lysine 3.45 2.97 2.89 2.85 2.73
FELHTEIEE non-essential amino acid

B glutamic 8.11 8.07 7.71 7.74 7.51
HE® glycine 2.33 2.42 2.49 2.54 2.46
RAZM  aspartic 4.07 3.82 3.77 3.69 3.62
% alanine 1.96 2.38 2.50 2.54 2.52
25/ serine 1.90 2.07 2.08 2.11 2.06

&3 ZLIRARIBERAERLAAK (2/100 g S ARAAER)
Tab.3 Fatty acid composition (g/100 g of total fatty acids) of experimental diets

f:Es FM BSFLM7.5 BSFLM15 BSFLM22.5 BSFLM30
C10:0 0.00 0.01 0.02 0.03 0.04
C12:0 0.02 0.29 0.55 0.81 1.01
Cl14:0 0.23 0.28 0.33 0.38 0.37
C16:0 1.53 1.62 1.77 1.94 1.95
C16:1n-9 0.23 0.25 0.27 0.30 0.26
C18:0 0.44 0.44 0.46 0.47 0.45
C18:1n-9 1.84 1.98 2.19 233 2.11
C18:2n-6 2.57 2.35 223 1.93 1.82
C18:3n-3 0.30 0.27 0.25 0.21 0.02
C20:5 0.43 0.39 0.38 0.36 0.00
C22:6n-6 0.32 0.29 0.28 0.27 0.02
HIARIIER S YSFA 2.38 2.79 327 3.77 3.94
BAMAER S & YMUFA 2.16 231 2.54 2.71 2.43
ZAMFIEN R S8 YPUFA 3.70 3.39 3.23 2.86 2.55
n-3Z AR A& Yn-3 PUFA 0.30 0.27 0.25 0.21 0.17
n-6Z RUFIfRIIFR & Yn-6 PUFA 2.90 2.65 251 2.20 2.06
1.5 #IES 2 4

S50 B R ¥ AP B {H 45 ME 1R (meantSE) &
7, % FH IBM SPSS Statistics22 %k {4 i i BRI & )7
224381 (One-Way ANOVA) F1 Duncan G174
) 22 5 LL R AT AL B S X B AT 7 25 55 e
B, #5 AN R 5 22 55 PRk H] Dunnett-T3 #5497
HATZE I, P<0.05 FnBEESR

https://www.china-fishery.cn

21 RAXBEMFREMEIIER

L7 e Ak febr 4 R 7R, BSFLM22.5
1 BSFLM30 41 AKP & % & T BSFLM7.5 fl FM
74 (P<0.05) ; BSFLM22.5 {4 & & B &K T
FM 4 (P<0.05); #41 LZM. SOD. CAT. MDA,
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T-AOC #1 GSH-Px Jo It FH 22 57 (P>0.05)(F% 4)
78 E

22 FATHER

Jis 1 N 25 ) BRI Y 45 SR s, BSFLMI5~
BSFLM30 5Z462H Sobs . Chao. Ace. Shannon. Sim-
pson T8 5 F K T FM il BSFLM7.5 41 (P<0.05),
Yrfh Z R R E B 80 (BB 5).

Je B R P 45 3R i R, BSFLM30 415 i i
% Sobs. Shannon. Chao Il Ace 880 & = T FM
LA I 2 (P<0.05)(% 6).

4R W7, BSFLM7.5 JEEE ] (Firmicutes) AH XS
FE T B4 (P>0.05), 52K H AR AT
(Chlamydiae), ZFJE 14 '] (Proteobacteria) . R JiE 4
I'] (Spirochaetes). AR & (Pseudomonas) FlH
Wi B & (Ralstonia) #8%F =+ B BEAIR (P>0.05). J5 M
BSFLM3041 JEBE TR ] . #LFF 1/ '] (Bacteroidetes)
FRXE = BESE I (P>0.05), 556 2H WRE 44 I T AR X R
JEREMT (P>0.05) (& 1),

23 RAXEBRFRSBHPEBRRPER

OTU &I M F¥Fh o 2627 0 M il N &) FHEF IR RS, SR 2 e A FE T
F4 BEKICHBBEREHIRZEMERENELIERNTN
Tab.4 Effects of replace fish meal with BSFLM on serum biochemical indexes of hybrid snakehead

;”;IE‘S FM BSFLM7.5 BSFLMI5 BSFLM22.5 BSFLM30
YA HfE/(mg/mL) LZM 6.00+1.17 6.49+1.49 4.95+1.68 4.70+1.68 5.72+1.54
T BERRER/(U/L)  AKP 1.39+£0.27° 1.37+£0.27° 2.49+0.28® 3.37+0.69° 3.10+£0.71°
I EAEE/(U/mL)  CAT 28.15+3.99 18.67+4.49 27.25+5.25 19.58+6.21 12.42+1.13
LB EE/(U/mL)  SOD 12.82+2.48 12.87+0.30 12.53+1.24 9.91+0.46 13.75+1.71
RAUEALREJ1/(mmol/mL)  T-AOC 0.38+0.02 0.42+0.01 0.490.05 0.390.05 0.43+0.04
2 B H Bk S A RE/(U/mL) - GSH-Px 214.67+13.36 156.45+28.65 208.89+20.09 204.00+21.17 172.44+12.54
N % /(mmol/mL) MDA 7.69+0.81° 6.34+1.26" 5.79+0.65" 5.19+0.28" 8.47+1.36"

e FATEAR B P ARG 7 BEOR 22 5 R 35 (P<0.05), .

Notes: In the same row, values with different lowercase letters superscripts mean significant difference (P<0.05), the same below.

x5 BKEAMEBEREMIRAREREATYERZM
Tab.5 Effects of replace fish meal with BSFLM on intestinal contents flora of hybrid snakehead

TiH Prfn Z 4 community diversity YR FEFE  species richness

items Sobs Shannon Simpson coverage/% Chao Ace
FM 79.006.00° 1.94+0.17° 0.60+0.05" 1000 84.85+10.65° 86.36+9.89°
BSFLM7.5 69.00+1.73° 1.48+0.35 0.400.17° 99.99+0.01 77.24+£2.73° 76.25+3.39°
BSFLM15 30.00+2.31° 0.46+0.12° 0.14+0.04° 100+0.01 39.61+6.63" 35.48+4.50"
BSFLM22.5 30.67+3.84" 0.53+0.21° 0.13+0.09° 1000 37.94+4.01° 38.82+3.71°
BSFLM30 25.00+1.00" 0.32+0.10" 0.08+0.03" 100+0.01 44.17+10.92° 42.62+8.69°

*6 BKIHMBEREYHTRZEFEFEFRIFMN
Tab. 6 Effects of replace fish meal with BSFLM on end gut flora of hybrid snakehead

WiH YIFhZFEPE community diversity YIFhERE  species richness

items Sobs Shannon Simpson coverage/% Chao Ace
FM 58.00+6.00" 1.48+0.28" 0.51+0.12 99.99+0.01 59.14+5.47* 61.06+5.26"
BSFLM7.5 67.33+10.41° 0.66+0.18" 0.21+0.06 99.99::0.01 78.77+13.70° 81.99+13.45"
BSFLM15 130.50+10.50° 1.47+0.37" 0.4440.12 99.99+0.01 120.28+26.72° 119.54+22.79°
BSFLM22.5 44.33+9.24° 0.87+0.52° 0.38+0.24 99.99+0.01 49.41+9.11° 49.43+8.58"
BSFLM30 274.504+25.50° 3.30+1.63° 0.68+0.24 99.99+0.01 283.39+19.36° 284.99+20.49°
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=F
o 5
2100 = 100
g s
L8 £ g % ]
I 54 5 = 80
:\g o, 70 - a 70
o 8 00| mmm L2 60
g 50 o2 5
25 40 = | —
22 O 22w
T= g B= 9
m O m O
gl =z 0 |
% 0 FM BSFLM?7.5 BSFLM15 BSFLM22.5 BSFL.M30 % 0 FM BSFLM?7.5 BSFLM15 BSFLM22.5 BSFLM30
e N ey
Bl sample = FEdh sample
ﬁl??ﬁﬁil ] Spirochaetes -ZFFFFH ] Proteobacteria «£<J5{417]  Chlamydiae
BEE ] Firmicutes Al other «A4r2E unclassified
1) (a) g (b)
g 100 S100 —mm
£ g% £ 8 9%
2 8 5 285
R g 60 R g 6
Q
g 5o o= 5
il < 40 — g T 40
# 2 30 i 2 30
TS 20 B =< 20 55
m O m O
<z 0 T2 g I HE BN EN
% 0 FM  BSFLM7.5 BSFLMI5 BSFLM22.5 BSFLM3| % 0 FM SFLM75 BSFLMI5 BSFLM22.5 BSFLM30
= FEfh sample = FEfh sample
MRFEE  Pseudomonas - Al JE  Ralstonia
A other ASr2E unclassified
(©) (d)

Bl 1 BAERE Y/ RAIE - R M TR A4 Fh o 7
(a) it P9 25 T TR E (o) SR T RIRR S E (o) R RO () o P A R R o

Fig. 1 Map of species distribution of intestinal contents/microorganisms in the gut in phylum and genera

(a) proportion of species in the intestinal contents phylum, (b) proportion of species in the end gut phylum, (c) proportion of species in the end gut genus,

(d) proportion of species in the instestinal contents genes.

R F X ALY, Hoh BSFLM7.5, BSFLMI15
FI BSFLM22.5 156128 i LT FM 41 (P<0.05)
(% 2).

3 e
31 EBEKEAHBREHTRZEEEREN
oAl

S HLIA N CAT. SOD. GSH-Px % il 24 1%
PEYE T SRS A L RE T, MDA S5 i 4
R, 2R SR E A P AR
LZM il AKP J& 5 UL I LA Seie he 1 e bnt™.
fa kM AKP 2 5¥) Fifkic fig 140, Rfiaf
338 75 80 R AL R M 1) B R A AR, AKP TR T,
ok B A R AR 1 R 3 ik ok 98 1 4T Ty BE 4 A
A S I PR 9% 5 AR R /R BSFLM22.5 (146.4
g/kg BSFLM) &} & 14 /il AKP i%, FEMK MDA &
L, BRI, WD . TTRW A (Lates
calcarifer)?" LB #1221 g/kg BSFLM AL 30% fh
W5 Ho s KL IL-18 1 IL-10 B3k BRI,
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TE W AE DR s i S8 K i sk A Bl 0K e g AR
OC3H P ( BE DR Rk o 55 D R K e SRRy XoF £ 2 f i
P s 5 P SE RAHSE, SCs iR
BSFLM #1X 22.5% fa #; (146.4 g/kg BSFLM), H
FER T HEIA 8.78 g/hkg (52 R AHRIE T MoKl i
o TEFFEE & H 2R B (Tenebrio molitor)
HUWY R FE B (Siniperca scherzeri)™ 5246 bt H
IARRLA 55, RS I 300g/kg Bk HL Bk B
1R30% fa ks, Hifig LZM 1 GPx itk B 3% FTF,
EHIDEAR G e H AAE S 2 g b B, ZEMRDRE iR
T2 g/kg 5¢ SE M AT 5 2 48 E HOAS A6 9 1003 v
AKP. SOD ifitE, BiWIH 7R hrys M A 125
HUR S b A AL RE T -

3.2 B/KICHMEBER &R
E‘ ,‘:'r!/ur'i.l

Ji7a 38 T 5 i A ELEE A Y, AR S B0
TH AR MW L ARl R S 05 07 225 45 T3 TR o % B A
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different treatment groups

B2 FKECHMBR AN ISR
IS R AEE RSN
1. BSFLMO, 2.BSFLM7.5, 3.BSFLMI5, 4. BSFLM22.5, 5.BSFL-
M30; #EIBE TR E R B E .
Fig.2 Effects of replace fish meal with BSFLM on
challenge test of A. schubertii
1. BSFLMO, 2. BSFLM7.5, 3. BSFLM15, 4. BSFLM22.5, 5. BSFLM30;

the letters above the bar graph indicate significant difference.
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Effects of replacing fish meal with black soldier fly larvae meal on serum
immune antioxidant indices, intestinal function and disease resistance of
hybrid snakehead (Channa maculata @ x Channa argus 3)

XIE Yutong ?, HUANG Wenging '°, LI Shiyang >, HUANG Yanhua **,
LIU Chun*, XU Fengmeng®, WANG Guoxia "
(1. Collaborative Innovation Center of Aquatic Sciences, Guangdong Key Laboratory of Animal Breeding and Nutrition,
Institute of Animal Science, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China;
2. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China;
3. Guangzhou Fishtech Biotechnology Co. Ltd., Guangzhou 510640, China;
4. Innovative Institute of Animal Healthy Breeding, College of Animal Sciences and Technology,
Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China)

Abstract: Fish meal is a prevalent source of animal protein in aquatic feed, yet its high cost and an import reliance
of up to 80% have hindered the sustainable growth of aquaculture in our country. Thus, it is imperative to identify
alternative proteins to replace fish meal. This study aimed to assess the impact of substituting fish meal with black
soldier fly larvae meal (BSFLM) on the immune antioxidant status, intestinal flora and disease resistance of hybrid
snakehead fish. Five isonitrogenous and isolipid diets were formulated, with fish meal replaced by 7.5%
(BSFLM?7.5), 15.0% (BSFLM15), 22.5% (BSFLM22.5) and 30.0% (BSFLM30) BSFLM, corresponding to 48.8,
97.6, 146.4 and 195.2 g/kg BSFLM, respectively. A total of 525 hybrid snakeheads with an average body weight of
(10.84+0.01) g were randomly assigned to 5 groups, each with 3 replicates 35 fish per replicate. The results indic-
ated that the alkaline phosphatase (AKP) activity in the BSFLM30 group was higher than in the BSFLM7.5 and
fish meal (FM) groups (P<0.05). The malondialdehyde (MDA) levels in the BSFLM22.5 group were lower than
those in the FM group (P<0.05). No significant differences were observed in the activities of lysozyme (LZM),
catalase (CAT), superoxide (SOD), total antioxidant capacity (T-AOC), and glutathione peroxidase (GSH-Px)
among all groups (P>0.05). The richness estimators Sobs, Chao, Ace, as well as Shannon and Simpson diversity
indices of the intestinal content flora in the BSFLM15-BSFLM30 groups, were lower than those in the FM and
BSFLM?7.5 groups (P<0.05), indicating a decrease in species diversity. The relative abundance of Chlamydiae,
Proteobacteria, Spirochaetes, Ralstonia and Pseudomonas in the experimental groups was lower than in the con-
trol group (P>0.05). Conversely, the BSFLM30 group exhibited higher Sobs, Chao, and Ace indices of intestinal
flora compared to the FM and other experimental groups (P<0.05). The relative abundance of Bacteroidetes,
Firmicutes, Paludibacter and Sedimentibacter was greater in the BSFLM30 group than in the other groups
(P>0.05). The relative abundance of Spirochaetes, Proteobacteria and Ralstonia was lower in the experimental
group than that in the control group (P>0.05). The mortality rate following Aeromonas schubertii infection was
significantly lower in the BSFLM?7.5, BSFLM7.5 and BSFLM22.5 groups than in the FM and BSFLM30 groups
(P<0.05). In conclusion, dietary supplementation with BSFLM can enhance immune antioxidant capacity, micro-
bial structure of intestinal contents, increase microbial diversity, improve intestinal function, and bolster resistance
to A. schubertii infection. However, the replacement levels should not exceed 22.5%.

Key words: hybrid snakehead; black soldier fly larvae meal; immune antioxidant; intestinal microbes; Aeromonas
schubertii; disease resistance
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