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O 45% 78 GO LAl U N R K a4l oy, %
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22.5% (G22.5) 1 30.0% ( G30.0) ff 3, Lt il 5
P A R A BRIRRE T A Tl DL 25 6 i O 4 0
it 60 HARUHET , IR A 3450 )5 1 o DR AT HL A
2.0 mmiFk KL, 28 55 CHET, T—20 T k46
R AE 2

&1 REAMARREFRKT(THRERM)

Table 1 Composition and nutrient levels of experimental diets (DM basis) %
i H Tk} Diets
Items GO G7.5 G15.0 G22.5 G30.0
J5kl Ingredients
FhE £ 4} Peru fish meal 45.00 41.63 38.25 34.87 31.50
PR K di- 4 OB Black soldier fly larvae meal 4.64 9.28 13.92 18.56
KIEH 45 H H Soybean protein concentrate 22.50 22.50 22.50 22.50 22.50
THH Soybean meal 11.00 11.00 11.00 11.00 11.00
a—JEH} a-starch 12.40 11.73 11.07 10.31 9.64
El Soybean oil 4.00 3.40 2.80 2.20 1.60
fa il Fish oil 2.00 2.00 2.00 2.00 2.00
iR — 845 Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50
Yk FWRAL Vitamin premix” 0.10 0.10 0.10 0.10 0.10
YRR AL Mineral premix” 0.50 0.50 0.50 0.50 0.50
/L NEHE Choline chloride 0.50 0.50 0.50 0.50 0.50
Yk % C BEMRER Vitamin C phosphate ester 0.30 0.30 0.30 0.30 0.30
EH R Methionine 0.20 0.20 0.20 0.30 0.30
411 Total 100.00 100.00 100.00 100.00 100.00
E 27K F Nutrient levels®
#1454 it Crude protein 50.42 50.91 50.54 50.72 50.80
HMAEW; Crude lipid 9.47 9.15 9.05 9.17 9.20
KT Ash 11.10 10.92 10.48 10.67 10.88

1) BT wded ZHIRA %A One kilogram of vitamin premix contained the following: VA 3 200 000 IU, VB, 4 g, VB,

8 g,VB, 4.8 g, VB, 0.016 g,VD 1 600 000 U, VE 16 g,VK 4 g
pantothenate 16 g, 44 % biotin 0.064 g, iR folic acid 1.28 g,

, JWER nicotinic acid 28 g, JJLEE inositol 40 g, Z BR%5 calcium

2) BT Y B BUR B &7 One kilogram of mineral premix contained the following: Mg 2.1 g,Ca 0.9 g,15.9 g,K

18.9 g,Cu 0.5 g,Zn 3.6 g,Fe 0.3 g, HEX MRS Co-Met 0.07 g, Se
3) EFRIKF A ZEH . Nutrient levels were measured values.

0.002 g.
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FEIEHIEAT . B AT L T =K A K R
ABRAFE, TR SR 7 d, EHEVGIAES
(4.9+0.1) g FFERR NN & g1 18 525 B2, BEAL SN
SH,MA3IANER, HANELE 35 B, UEL T
PEBENLATECE] 15 S FRAGEL (A AN 350 L), AR
PR 1 Fpl g fnRE, FRAE A 62 do SREUI &R
B, KT 08:00 F118:00 £ 1%, 10
SR AR M A AR T O ORI B, R
WA 3R A SROE IR KR 27 ~30 T I i Bk E >
6.0 mg/L, & A W <0.10 mg/L, V. fi§ fR h e FF <
0.01 mg/L,pH 7.6~7.9,
1.3 HEXESHH

FRAH IR A5 R, e AR B 24 h B S5 R HE
o BEELREHLE 10 A, R 40 mg/L FMS-222
JER R LA v 1 7 SRR, SRS (6 1 mL 73 55 4%
TR PRI, R G MR SR G, TR T #E
2 h,3 500 r/min 7 3 T 2.0 10 min, 43 & 1 ML7E
HT-80 CTH4AE, HFILE MY yiEkS %
JEFRPR Y A0 AT, BT REALIRL 4 B M, RS oy B
HWAIE B em O ET 4% R R AR R R T
TRAF 48 h, R IE Hl & A ALY R, 0 ARk -4
Z1(HE) Jetaih e o, Wil Lok EIE AR
45,

K H 32 7600 2B Ak 3 B A A 1 3 4K
T, M PR AL B S AR bR AL AR . BT A L RE

J1(T-AOC, te k) ALY AL (SOD, 21
%) G AL A (CAT, MR &) A H I &
TE¥yi (GPx, LL (%) (PR TEWE R ( ACP, 730
BE ) B ME BE FR B ( AKP, b 0 3k A e
(LZM, Hopdid ) i # 5 9 —# (MDA |, B At B 1 %
FRi) HMA 3(C3, FRse L) % £, 2 pg ot 2l
BCA ) T AR5 B ) R 3500 65 0 = IR 45 20
BEorHT .
1.4 HiEAEBESSH

TSR I B AT O 25 SR AR I A R
T 2550, SR SPSS 17.0 Geit ki s i £ 5
2243 M1 (one-way ANOVA) Fl Duncan [X £ & [V
i e S Mg, AW R O 25 570 R
Dunnett-T3 £ %0 75 #5417 2 5 i, 9w 2 LA
PHERER L X TR, B3 KA P<0.05,

2 & R
2.1 EoKur4h R E R & X 0 i 5 i 7F R 15T 4
SENHIE

&2 nl L5 Go el Ml He, G22.5 1 G30.0
2 I B L RIER AR (1 & W TR (P<0.05)
JOEL T 2 R A% RE O S G M B E BRI (P <
0.05) ,G15.0 .G22.5 1 G30.0 4 175 & 1 & &
BETE (P<0.05) ,G30.0 21 17 = % 1 5 &% H
JIEL 51 55 3 T i (P<0.05) A ZH )L 2R
1/ BRER 1 DA SIS B R A 1 IR PR 28 A A b
o SR N ERE IR 525 57 (P>0.05) ,

F2  BKECLh RAGE K E M NN IER Y S SN

Table 2 Effects of fishmeal replaced by black soldier fly larvae meal on serum

metabolites contents of Microptenus salmoides

WiH 215 Groups

Items GO G7.5 G15.0 G22.5 G30.0
HEH TP/(g/L) 23.72+1.02° 26.33+0.57"  27.31x1.75®  30.09+1.87" 29.58+0.92°
H#H ALB/(g/L) 8.80+0.17" 10.23+0.26™  10.71+0.88* 11.64+0.72° 11.22+0.31°
FREE M GLB/(g/L) 14.94+0.97° 16.11+0.67"  16.64+0.87"  18.48+1.23" 18.44+0.90*
HEH/HREH A/G 0.60+0.04  0.63+0.04 0.64+0.02 0.63+0.03 0.61+0.05
fIH E % CHOL/ ( mmol/L) 7.62+0.80°  6.81+0.77" 6.70+0.25" 5.89+0.40° 5.67+0.14°
BB ALT/(U/L) 1.74%0.33 2.01+0.58 2.30+0.33 1.70+0.33 2.02+0.12
KA W AST/(U/L) 122.34+6.84" 122.32+4.67" 127.01+7.51° 109.30+10.73" 103.67+7.67"
k% B & I E B LDL-C/(mmol/L)  1.71+£0.39  1.71+0.46 1.40£0.12 1.30+0.15 1.40+0.14
B RRE A E R HDL-C/(mmol/L)  1.62+0.11°  1.78+0.11% 1.7120.11° 1.81+0.10™ 1.97+0.05"
JR % &, UN/(mmol/L) 4.33+0.57  4.01+0.50 3.73+0.29 4.02+0.53 3.52+0.18
%M GLU/ ( mmol/L) 7.19£0.65 6.78+1.16 7.00£1.28 7.21£0.72 7.14+0.70

AT RS R AR A F/ING PR R OR 22 57 3% (P<0.05) , AR,

In the same row, values with different small letter superscripts mean significant difference ( P<0.05). The same as below.
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2.2 EkurghHRmER &M M e mEFR RN
EiL oA

&3 mA,S Go 41#t,G7.5.G15.0,
G22.5F1G30. 040 I 7 4% e H BK i 4204k B ity 7 4

BETHE (P<0.05) , 4 E S bt E L
R SR A 5 A T T e SR A S O P R T R
TR EZESF(P>0.05),

F 3 BKECLh R E K E I INN 85 I E L E IR R R

Table 3 Effects of fishmeal replaced by black soldier fly larvae meal on serum

antioxidant indexes of Microptenus salmoides

i H 415 Groups
Items GO G7.5 G15.0 G22.5 G30.0
MHEIBES T-AOC/(U/mL)  12.13%0.08 11.52+0.60 10.53+0.21 10.51+0.74 11.58+0.50
R AL I ALl

173.60+11.55 171.02+7.74 176.28+9.21 183.62+13.43 171.52+3.97
SOD/(U/mL) * * * * *
i EH AR CAT/(U/mL) 6.78+0.43 6.42+0.15 5.63+0.38 6.80+0.64 5.93+0.32
N j‘/:
A LA LR 2 504.52+48.91° 2 962.91£52.76" 2 862.01+105.79° 2 934.08+128.67" 2 924.23+162.76"
GPx/(U/mL)

N % MDA/ (nmol/mL) 9.81+0.54

10.03+1.22

9.78+0.32 8.74+0.52 8.39+0.26

2.3 BEokirgh R ER &R M 65 0 F RS
T B 54 i

M4 5,5 Go 4, G15.0,G22.5 FlI
G 30. 041 1% iR M Wl 1R B 05 1 W & (P<

0.05) ,G7.5.G15.0 ,G22.5 F1 G30.0 H Ifi i #MA 3
it W TR (P<0.05) o 5 2 ) M 37 ek 1l 1
A BB G PE TG 3% 25 5% (P>0.05)

R4 BoKargh BB A &8I N 85 I R R AR RS0

Table 4 Effects of fishmeal replaced by black soldier fly larvae meal on serum

immune indexes of Microptenus salmoides

WiH 2H %] Groups

Items GO G7.5 G15.0 G22.5 G30.0
TRYERERR S ACP/ (& RBBA/L)  10.10+0.12° 10.90+0.34% 11.80+0.25° 11.30+0.11° 11.50+0.19°
e RS AKP/ (& [REAN/L)  17.80+1.17 19.60+2.13 20.20+1.06 16.80£1.35 15.70+1.34
VS LZM/ ( pg/mL) 71.07+5.51 78.41+2.51 86.62+2.20 79.18+6.94 73.30+6.73

*ME 3 C3/(wg/mL) 245.33+18.35°

538.91+57.11°

520.58+66.44" 1 523.11+45.34* 1 500.54+60.0°

24 EKRWHHMBREMITMMEFERAR
e ial:abA)

1 AT, 5 Go 1M e, G7.5~G30.0 415
VA AN [6) 72 B2 W40, R B0 s % 6 K 4
BB ZEGR, 450 R R E, H A oK T4 i
Ry AR ARy LD T i i 1 2H 400 1B ™ 1

RIS
3.1 EIKEE4h B 1R 0 X hn i &5 i X 51 4
SEN N

EN IR ETSEREE: Y R LR ) L AR I D]
T o A PR R B S, 45 SR B SR K &l U

FAX 30% fa53 T 35 o H 65 i) 4RDkE 2R K0
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SR, R i 4y Ry 25 A2 Ry 368 T M B 1t 35 A 333
Yy BRI R WLARE i 3 QI K
F e i A B JBE B 0] 3 5 5 BRI DR 3R ) 3 AR
BLHO S ARG ST T B K a4 OB R AR R R
o a3 A ) e B S i 2 2R SR WY AR P
SN SR K i gy AUk AT SE M i v R
IR b R i 1, P PROK
-y A B A OB 455 T M B B T SR OF T
PO T M A, X 262 A ] 8 S B M 1 2R
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Fig.5 Effects of fishmeal replaced by black soldier fly

larvae meal on intestinal histological appearance of
Microptenus salmoides (HE stain, 200x)
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Effects of Dietary Black Soldier Fly Larvae Meal on Serum
Metabolites, Antioxidant and Immune Indexes and Intestinal
Histological Appearance of Micropterus salmoides

PENG Kai'® XIAO Hongfa"? MO Wenyan'> WANG Guoxia'?* HUANG Yanhua®**
(1. Key Laboratory of Animal Nutrition and Feed Science in South China, Ministry of Agriculture in Rural Affairs
Guangdong Key Laboratory of Animal Breeding and Nutrition, Institute of Animal Science, Guangdong
Academy of Agricultural Sciences, Guangzhou 510640, China; 2. Guangzhou Fishtech Biotechnology
Co., Ltd., Guangzhou 510640, China; 3. Innovative Institute of Animal Healthy Breeding,

Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China)

Abstract; This experiment was aimed to study the effects of dietary black soldier fly larvae meal replacing fish
meal on serum metabolites, antioxidant and immune indexes and intestinal histological appearance of Microp-
terus salmoides. A total of 525 juvenile Micropterus salmoides with an initial body weight of (4.9+0.1) g were
divided into 5 groups with 3 replicates in each group and 35 fish in each replicate. Five isoproteic and isolipidic
diets were formulated by adding black soldier fly larvae meal to replace 0 (GO), 7.5% (G7.5), 15.0%
(G15.0), 22.5% (G22.5) and 30.0% (G30.0) of fish meal in diets. The feeding period was 62 days. Re-
sults showed as follows; compared with GO group, serum albumin content in G15.0 to G30.0 groups was sig-
nificantly increased ( P<0.05), and serum globulin content in G22.5 and G30.0 groups was significantly in-
creased ( P<0.05), but cholesterol content and aspartate aminotransferase activity were significantly decreased
(P<0.05) ; serum high density lipoprotein cholesterol content in G30.0 group were significantly increased ( P<
0.05) ;serum glutathion peroxidase activity and complement C3 content in G7.5 to G30.0 groups was signifi-
cantly increased ( P<0.05), and serum acid phosphatase activity in G15.0 to G30.0 groups was significantly
increased ( P<0.05). The intestine tissue in G7.5 to G30.0 groups had varying degrees of injury, and the high-
er replacement ratio of larvae meal to fish meal, the more serious damage of intestine tissue was. In conclu-
sion, black soldier fly larvae meal replacing fish meal in diets significantly improves serum antioxidant and im-
munity , but damages liver function and intestinal histological appearance of Micropterus salmoides. Therefore ,
it is suggested that dietary supplementation of black soldier fly larvae meal should be cautious.[ Chinese Jour-
nal of Animal Nutrition, 2021, 33(12) :6964-6972 ]
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