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Tab.1 Ingredients and proximate composition of the experimental diets

SEIGAH experimental groups

|

items SO BS025 BS050 BSO75 BSO100
JERl(g/kg) ingredients
E 1 soybean meal 190 190 190 190 190
ik fish meal 100 100 100 100 100
A rapeseed meal 210 210 210 210 210
H#f cottonseed meal 120 120 120 120 120
KA rice bran meal 105.50 105.50 105.50 105.50 105.50
Tk wheat flour 179 179 179 179 179
HIKWM H. illucens larvae oil 0 6 12 18 24
il soybean oil 24 18 12 6 0
R — 545 Ca(HyPO,), 20 20 20 20 20
Z 4k vitamin premix® 3 3 3 3 3
%% mineral premix” 25 25 25 25 25
2+ bentonite 23 23 23 23 23
P antioxidant 0.50 0.50 0.50 0.50 0.50
AR/ % proximate composition
MEHA  crude protein 32.24 32.69 32.75 32.66 32.88
HLAEWT  crude lipid 5.11 5.13 5.15 5.20 5.35
K4y ash 11.55 12.75 13.55 13.83 14.83
/K4r  moisture 10.65 10.68 10.46 10.89 10.39

VE: a 44 KTRAE A kg FRHZ A, 4E4 ZA 800 000 TU, 4i4EKD; 160 000 IU, 4i4EHKE 15g, 4i4E KK, 325 mg, 4i24EEKB, 1500 mg, 4k
HEB, 1250 mg, #EEEBg1100 mg, 44 %EB, 4 mg, #EHC25mg, NERS.5 g, ™70 mg, AME125 mg, M4 mg, 2554.5¢. b.
TR TR A Rk R R, #5105 g, 45330, BE45g, Bk15 g M50 mg, 9 mg, 4H0.35¢, £¥3 g, Hil5g Hillmg

Noets: a.vitamin premix (/kg in premix): vitamin A 800 000 IU, vitamin D3 160 000 IU, vitamin E 15 g, vitamin K3 325 mg, vitamin B; 1 500 mg,
vitamin B, 1 250 mg, vitamin B¢ 1 100 mg, vitamin B, 4 mg, vitamin C 2.5 g, creatine 5.5 g, folic acid 70 mg, biotin 125 mg, nicotinic acid 4 g, D-
pantothenic acid 4.5 g. b. mineral premix (/kg in premix): P 105 g, Ca 330 g, Mg 45 g, Fe 15 g, I 50 mg, Se 9 mg, Cu 0.35g,Zn3 g,Mn 1.5 g, Co 11 mg

T AUBE XU R EATA B ULER O i H i G o
ERE KRR VR HIEL R B9 BUE
KR Im B, 8 0.1 mol/LIK PBS vk 35 L) 2
Bkl N Y, TR AR R U A 3 L 25 bR
FAGIT, A 2.5%0 5 B v 47 [ s Ik
W, RIGWKEL30%, 50%. 70%. 80%Fi
90%M LRV, To/K CEESEAT K AL BR, K
Ja AT B T4 °CHUE 30 min, 3R AEEE 5
N B2 TR TR AR B, w4 Ab 3 AE
L 0 BT T AR RIA A

1.8 ETEFHEDNAKMFEEE16S rRNAS
BEN A

K FIDNA#E B 7] £ (QIAamp, Germany)#i

A FE S IIDNA,, BB BR WL Uil 5 . ff
HR R 22 6O B T (NanoDrop, 36 )R Il DN Ak
1% N R HL Yk G 0 il £ 11 3 PF 4L DNA
MBS DNAMKE = 10 ng/pL, M =>1 g,
0D260/280=1.8~2.0Ff- i R DNAZ% 17 51— Jo B it
o5 g it MR S AT S R . BRI 5 A%
BE S IETE 1 ST AR W B 2 R A BR 2 A (1)
PEAT16S rRNAE 18 7 ¥ .
1.9 HIENIE

A S 50 B 4 34 LAY 24 {E 445 1 22 (mean+SD)
For, FHSPSS 2005k {4 i 17 B[R 2 5 22 0t
SR J5 i Duncan Rk 2 AL B, 2§ P<0.050F,
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Tab. 2 Fatty acid composition of experimental diets and black soldier fly larvae o0il(BSO)

SESGZH experimental groups

JiG TR

fatty acids SO BSO25 BSO50 BSO75 BSO100 BSO
C12.0 1.05 1.51 2.01 2.69 3.39 11.28
C14:0 0.10 0.10 0.13 0.10 0.14 0.09
C16:0 14.59 15.11 15.66 16.48 17.54 25.26
Cle:1 1.07 1.40 1.55 1.78 2.20 2.60
C18:0 3.13 3.09 2.90 2.80 2.72 4.11
C18:1n9 17.46 20.94 18.17 21.54 23.09 21.22
C18:1n7 12.64 9.83 13.99 11.40 10.35 7.92
C18:2n6 40.65 38.21 35.63 33.43 30.69 21.79
C18:3n6 0.51 0.45 0.39 0.40 0.41 0.36
C18:3n3 4.24 4.10 4.11 3.89 3.50 2.01
C20:0 0.40 0.46 0.42 0.54 0.61 1.97
C20:2 0.25 0.37 0.26 0.24 0.40 0.46
C20:3n6 0.25 0.23 0.29 0.24 0.31 0.10
C20:4n6 0.16 0.16 0.26 0.17 0.23 0.28
C20:5n3 1.58 1.84 1.83 1.88 2.03 0.37
C22:6n3 1.91 2.18 2.41 243 2.41 0.21
> SFA 19.27 20.28 21.12 22.62 24.40 42.72
> MUFA 31.18 32.18 33.70 34.71 35.63 31.74
>n3 PUFA 7.73 8.13 8.35 8.19 7.94 2.59
>n6 PUFA 41.57 39.05 36.57 34.24 31.64 22.52
n3/n6 0.19 0.21 0.23 0.24 0.25 0.12

N B 22 5 W % . ol s AR WS B il
i https://www.i-sanger.comz - 5 #4750 H7 o

2 HEH

2.1 FEIKECAXTE S S KRR

WGR., FCRHISGRTE £ 4 [0] 4476 2 7-(P>0.05);
BSO50MIBSO1004H (1) CEF =5 T-SO4H ; AH ¥ T
SO, BSO1004 % VSIS HISH ik 3| i K i
(11.54%, 2.44%)(#3), Sk L, KAz M EF M
WGR., SGR. FCR. CF., VSIFIHSIZ{LYIA B
F(P>0.05).,

2.2 BKECHXE SRR AL A E RS 8
A

TENLAZH G, b BRAH ORLEE i R
TXERELH iU B N TR AL (R 4),

http://www.scxuebao.cn

BSO505BSO1004H 1 JK 43 % 123k 3l de KAH . 1E
FFNEZH 2, Kb FRZH A HLEE (& 2 R T X e
A, MbEEZRCH R, MRS & H
BT E e AR R R, R b, oK
AR S AR RLA Pk gy . Ky HLER
H ARG 5 7 & 38 R 7= A 1 3552 I (P>0.05) .
2.3 EKeCHIE S MEE LIS FRE Y
K4 ZH TP, ALB. GLB. A/G. TC. TG.
HDL-C%5 22 55 Y98 1. 2% (P>0.05)(#5), TMiBSO100
ZHLDL-C. ALT. ASTHIGlufY &34 B3 w5 T % R
2H (P<0.05).
24 EKEGRMES MBS CEEMERE
BS0254H 5BSO504 SODH 4 ik 3 &5 - X iR
20 (P<0.05), BSO1004 i Ik T X B 21 (P<0.05).
AL FRZH R CATIR VER & T IR AL, H MR
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Tab.3 Effect of BSO on growth performance and biological indices of C. idella

SEIGAH experimental groups

TiH
items SO BS025 BS050 BSO75 BSO100
Ytk /g IBW 13.40+0.15 13.40£0.13 13.49+0.22 13.31£0.16 13.27+0.39
KikFiE/g FBW 46.40+0.71 46.30+0.45 46.60+0.75 46.00£0.56 45.84+1.34
WER/% WGR 2.46+0.00 2.46+0.00 2.46+0.00 2.46+0.00 2.46+0.00
e K /(%/d) SGR 2.07+0.00 2.07+0.00 2.07+0.00 2.07+0.00 2.07+0.00
TR A% FCR 1.58+0.01 1.58+0.00 1.58+0.01 1.58+0.00 1.58+0.01
AE# B/ (g/em®)  CF 1.99+0.07 1.960.12 2.02+0.11 1.95+0.08 2.03+0.21
JEAREL/% VST 11.40+0.96 9.74+0.75 10.93+1.36 10.55£0.90 11.54+1.34
JFAEL/%  HSI 1.94£0.57 1.60+£0.47 2.00+0.40 2.01+0.49 2.44+0.71
Fz4 BICHNESELNERAINEM
Tab. 4 Effect of BSO on proximate composition in tissues of C. idella %
WiH SZOG4H  experimental groups
items SO BS025 BS050 BSO75 BSO100
WA muscle
/K4>  moisture 79.83+0.86 79.73+0.82 79.65+0.58 79.68+0.98 79.91£1.20
FHEA  crude protein 17.33£1.12 17.54+1.09 17.42+0.68 17.64+0.57 17.38+0.19
KRR crude lipid 2.16+0.02 1.78+0.01 1.73+0.01 2.05+0.04 1.5+0.01
K4y ash 0.80+0.01 0.80+0.01 1.00+0.01 0.8+0.01 1.00+0.01
FFE  hepatopancreas
/K4>  moisture 73.23+0.86 73.63%0.82 72.55+0.58 73.48+0.98 74.31£1.20
HIEH  crude protein 16.68+0.29 16.96+0.76 16.93+0.25 17.48+0.17 17.050.01
KRR crude lipid 15.12+0.13 15.20+0.09 15.30+0.07 14.20+0.01 14.36+0.08
K4y ash 0.60+0.01 0.600.01 0.80+0.01 0.80+0.01 0.800.01

KTF25%0F, CATIEM: i 1438 (P<0.05), BSO25
2 . BSOS041 5% R4 2 [(] MDA & JC It 3% 1
#5(P>0.05), TMBSO7541. BSO1004 & & kT
X} R ZH (P< 0.05)(F5).

2.5 KWL XS B & BT AR A0 7 8 4 RS A Y

A

BT 6 g U R AT 0 R S
&, Gt AW A E S E (um) 5 LZ R E
(um)FEZHIHIE R (E R T, E1). 5 R4
o, £ Ab B W oR E v R RN B RE R R O R &
A B FEPEAR A (P>0.05) . S5XTER4IMI L, BSO25.
BSOS0F1 BSO754H it 48 & Wi e IR HE 5 H A % 4

M BSO10041 4% & 5 %} BE L AL, Lo B HES 2y
[NER (ST IR

LA AR T 75%0, PR fUR, &
ZihE . ABERE, MR, 1A
Ji g T ZEBSOT004H , 40 i A 22 S AS LN
AR, 45 A0 i = A ) A BRI B, 4N A%
AN, AR HES S B (P BT )

2.6 FRKECHNE S FEREFAIRN

Coveragefg B TES U Z MW A B EHEER
(P>0.05), HE¥%ZF:MEFE%Sobs, Shannonfifi & 2
SR A SN £ B B TS, HBSO1004 3%
55 T X B4 (P<0.05) . AR 45 B /K- Chao |
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Tab.5 Effect of replacement of SO with BSO on serum biochemical parameters and antioxidant indices of C. idella

i H SEIGAH experimental groups

items SO BS025 BSO50 BSO75 BS0O100
HEANYL) TP 31.86+1.68 33.11%2.15 32.33+1.73 32.22+1.48 33.00+1.66
H#EME/(gL) ALB 15.57+1.62 16.13+1.46 15.44+1.59 14.78+1.30 15.67+1.87
BREA/(UML) GLB 16.29+0.49 17.89+2.98 16.89+1.54 17.44+1.33 17.33+1.50
HERLE/(%) A/G 0.96+0.10 0.95+0.10 0.92+0.14 0.850.12 0.92+0.19
BHEER/(UmL)  ALT 3.00+1.41° 4.00+1.51° 5.1342.23" 5.11+2.80" 6.78+3.07°
B EEVEE/(U/mL)  AST 67.00+15.23" 75.29+14.43" 85.78+15.57% 81.67+26.85" 91.67+19.63"
Wi & HE/(mmol/L)  Glu 3.724+0.82° 4.61£1.29® 4.89+1.48" 4.91£0.87" 5.37+1.90°
o JJH [ B/ (mmol/L)  TC 5.70£0.24 6.04+0.49 5.83+0.64 5.96+0.53 6.10+£0.52
Hih =H5/(mmol/L) TG 5.37+0.50 5.44+0.60 5.54+0.85 5.45+0.39 5.55+0.61
o 2% £ g 8 F/(mmol/L)  HDL-C 3.68+0.12 3.86+0.29 3.56+0.62 3.73+0.29 3.79+0.43
(R R IE & 14 /(mmol/L) LDL-C 0.20+0.12° 0.31£0.25% 0.46+0.28® 0.45+0.24® 0.49+0.25°
P8 LIEFR  antioxidant indexes
P4 —#/(nmol/mL) MDA 437.73427.66°  426.73+42.11°  454.66+24.70°  376.69+48.32°  335.26+8.01°
I EACER/(U/mL)  CAT 1.30+0.26" 1.83+0.12"° 3.44+0.07 2.77+0.70™ 4.02+1.08°
AN ALES/(U/mL)  SOD 2.76+0.03" 3.02+0.02° 2.84+0.02° 2.77+0.04" 2.66+0.01°

I FEAT AR AR ENG RS ORI BEMERP <0.05), TH

Notes: values with different superscripts in the same row are significantly different (P < 0.05), the same below
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Fig. 1 Effect of replacement SO with BSO on intestinal

morphology of C. idella
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Wi, SZERLRAA OTUANES B ed. 71, 41,

160, 98; SLE L ILA MOUTE R 341(K2). %
A S AETTKF B B TR AR X 3= B2 A B
F PR Z I (P>0.05)(K13) ., {75 55 £ Jigy 18 v J5EBE
P ] (Firmicutes) . Z2JE &[] (Proteobacteria) . #4T
P# "] (Fusobacteria) F1 4L AT % [ ] (Bacteroidetes))@ T
PESTERE, BLAh, SCO02H R RE IE 5 U TR 1Y L
{EL(F/B) ] i i3 T X HR4H (&1 4)

3 iR

AW I, R B AR AN &5 T
TR AR ERE . AEXTEM IR, RBLR
TR AT R A 100% 52 90 % A= K MR A I 25 1 5
W05 R X 0 I b R B, AR AR R
10% ) 58 7K i 30 425 X £k I B A 52 ) AR K1
el FE XKV HE L (Salmo salar) W WFFE A, F


http://www.scxuebao.cn

10 4] WRIE S, S5 RO i A2 ATl ook s £ A O MERE L BE ST BB J 10 T TR 1) 52 i 2247

o EHRDFEMENSHEMEIITER

Tab. 6 Results of intestinal microbial diversity analysis of each sample

i H

SEIGAH experimental groups

items SO

BSO25 BSO50 BSO75

BSO100

MIFLHEME  community diversity

FEEWMME  Sobs 304.504125.34"  322.75+140.11°  373.25+£77.56"™ 472.25+126.35  507.25+45.59"
FARAES  Shannon index 2.78+0.57" 3.02+0.55° 3.14£0.58" 3.28+1.02° 4.10+0.18"
FWFRIEEL  Simpson index 0.13£0.06 0.10+£0.04 0.11£0.06 0.160.18 0.05+0.01
Bi%  coverage 1.00+0.00 1.00+0.00 1.00+0.00 1.0040.00 1.00+0.00
Yy#hEE  community richness

FFFChaol% Chaol 374.44+127.98°  368.81+136.98"°  468.86+69.25% 564.47+134.92°  567.85+71.39"

FEACEfEL  Ace 380.29+120.86°

372.82+142.58"

492.40+62.04® 563.72+140.68" 564.32+65.93"

BSO100

BSO25

B2 BRAEXLIEAEAMEMEESOUTH VennE
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Effects of replacing soybean oil with black soldier fly (Hermetia illucens) larvae
oil on the growth performance, antioxidant ability and intestinal
microbiota of grass carp (Ctenopharyngodon idella)

CHEN Yanna', LU Ronghua', YANG Guokun', ZHANG Yuru',
QIN Chaobin', JI Hong?  NIE Guoxing "

(1. College of Fisheries, Henan Normal University, Xinxiang 453007, China,
2. College of Animal Science and Technology, Northwest A & F University, Yangling 712100, China)

Abstract: In order to study the effects of replacement of soybean oil (SO) with black soldier fly larvae oil (BSO)
in grass carp production practice, five isolipidic and isonitrogen experimental diets were formulated by replacing
0% (S0O), 25% (BS0O25), 50% (BS0O50), 75% (BSO75) and 100% (BSO100) of SO with BSO, respectively. After
56 days of feeding, the changes of growth performance, body composition, serum biochemical indexes, antioxidant
capacity, intestinal and liver tissue structure, and intestinal microbiota of grass carp were detected. The results
showed that there were no significant differences in WGR, FCR, SGR, VSI, CF and HSI among the treatment
groups. Compared with the SO group, the activity of serum superoxide dismutase (SOD) in BSO25 and BSO50
groups was significantly higher, malondialdehyde (MDA) activity in BSO75 and BSO100 groups was significantly
decreased, and the catalase (CAT) activity was significantly increased in BSO50, BS075 and BSFO100 groups.
The morphology of liver cells in BSO100 group was mostly of irregular shape, with unclear boundaries between
cells. The enzyme activity of AST, ALT and LDL-C in serum was significantly higher than that of SO group. The
community diversity indexes Sobs, Shannon and the richness indexes Chao, Ace in the BSO100 group were
significantly higher than those in the SO group. The results showed that 100% soybean oil replaced by BSO did
not affect the growth of grass carp, and it could enhance the antioxidant capacity and the abundance and diversity
of intestinal microbiota. However, in group BSO100, the liver was damaged, and long-term feeding will have an
adverse effect on the body. Therefore, in the feed, BSO should not completely replace soybean oil. It is suggested
that the replacement ratio should not exceed 75%.

Key words: Ctenopharyngodon idella; Hermetia illucens oil; soybean oil; growth performance; antioxidant ability;
intestinal microbiota
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Plate I Midgut structure stained with haematoxylin-eosin stain (x200)
1. SO, 2. BSO25, 3. BSO50, 4. BSO75, 5. BSO100, the same below
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Plate Il Midgut structure observed by scanning electron microscopy (<10 000)
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Plate [II Histological patterns of hepatopancreas(x200)
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