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1 #H5FE

1.1 R IE R A R R A 4H AR

5 Fofr i 50 T Ak 1) DR I Ll B B RIS IR K S N ER 1 . K &y HOIA T N G T A R A R AL R
K I R B I S Ak B A BRIk AR AR B K B A T i EE B 0 (SO, 25 % (BSFO25) 5 50 %
(BSFO50) ,75 % (BSFO75) F1 100 % (BSFO100) FLAN /K-, BL il 5 B 45 (055 B 19 12 55 17Dk OFL 28 11 5T &2 53 480
k40 Y0 LR G 5T B A3 B0 9.5 Y00 B 25 AL BRDRHFURL R B IS o 40 B 0 4% BRTC o 1 AR a2 JEORE SR B K
RIFERA IS RGNS K 58 B FEIR 21 )5 - R F-26 BURUBRFT£5 400 O M A2 TOU ML RHE A BR A
AL TN B RIURE R RE (1.5 mum) 78 BF 3% 38 JRUAR B0 I 206 A %85 b 4% v it T BH 0 T Ak 45 .

1 ORBEBRERENASHK

Tab. 1 Ingredients and proximate composition of the experimental diets

ek
ot 2H
SO BSFO25 BSFO50 BSFO75 BSFO100

TM1/Soybean meal 44.00 44.00 44,00 44.00 44.00
14 ¥} /Fish meal 16.00 16.00 16.00 16.00 16.00
KK /Rapeseed meal 10.00 10.00 10.00 10.00 10.00
Hi AP ¥/ Cottonseed meal 12.00 12.00 12.00 12.00 12.00
KB /Rice chaff skin 3.90 3.90 3.90 3.90 3.90
T4} /Flour 1.95 1.95 1.95 1.95 1.95
B K W23l /Black soldier fly Oil 0.00 1.25 2.50 3.75 5.00
K 373 /Soybean oil 5.00 3.75 2.50 1.25 0.00
24k a/Vitaminsa 0.30 0.30 0.30 0.30 0.30
%21 b/Mineralsb 2.50 2.50 2.50 2.50 2.50
WilR — & 45 /Ca(H2PO4) 2 2.00 2.00 2.00 2.00 2.00
JI%31 £ / Bentonite 2.30 2.30 2.30 2.30 2.30
LA AL/ Antioxidants 0.05 0.05 0.05 0.05 0.05
21t Total 100.00 100.00 100.00 100.00 100.00
B MAS Proximate composition

K4y /%% Moisture 10.51 10.50 10.66 10.63 10.51
ML M/ % Crude protein 40.84 40.60 40.02 40.19 40.13
FIE N/ ¥ Crude lipid 9.59 9.91 9.46 9.54 9.66
MK 5/ % Crude Ash 11.32 11.65 11.47 11.34 11.59

T a di A RPN A kg fRHR ML, 454 R A 800 000 TUL 44 % Ds 160 000 TUL 44K E 15 g 44 K K, 325 mg, 4
H:Z By 500 mg, 4E4E K By 250 mg. 4E4EF By 1 100 mg, 4i4E % By 4 mg. 4i4E K C 2.5 mg, LR 5.5g, B2 70 mg,
HYE 125 mg, AR 4 mg,iZ 85 4.5 g.
bW B WU 4 kg fRHEHE P 105 g, Ca 330 g, Mg 45 g,Fe 15 g,1 50 mg,Se 9 mg,Cu 0.35 g,Zn 3 g,Mnl.5 g,
Co 11 mg. F .

1.2 KAReaRAFERE

I FE IR 50 TE G PR K S5 R G rp kAT AT 0 1 B 3 L R T R AR 0.01 %0 19 KMnO, %R 1T
THEEAPE AR K P YL 2 JA 5, BREE R R a5 ) 3 19 3 56 f () B AR T i R (18.40+2.31) ) 300 F&,
BEMLAFBL 5 A 3AERE BAER 20 RO, AT T AEME K IR0 R e F7 50 8 Jal. 5% 58 1 1a) B K
R 3 5 1 D0 0 3 YR (8:30,13:00 1 17:30) , AP 2~3 d HEATH/K , Bk FL R 30 %6 ~40% ., B K
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12 h Y6 IR K IR PR FF7E 25~27 “C,pH 4E457E 6.8~7.8, % fit A >6 mg/L.
1.3 #mRE

FEI IR IR 45 5, VR B 100 mg/ L A ) 22 5628 W R & 1 W B 1R 46 (MIS-222) JRR I BT A7 3K £, o 1
£ AR 5T S R 6 A DA A K A b B A 0 A 7 DO A ot AR S L BE ML B 3 8 WL VAT B4 oy 4
FE o BERLAE R 6 22 YHC AT S E DK 2 - I TR SRS PN U AT 4 JHEJUE L g 2RI UL PR O 6 I A AT R, TR
Lt 38 T AR B R R LA 43 e AT A T BRE AL B 6 R L YeT A ) — YR v G A DA R DK Ak SR . i
TEFEAD 4 °C BB, 4 000 r/min B0 15 min, WHC B EAE T 2 mL #0581 T AR 18 bn Abi & AL i
AR SRl
1.4 AKMEENE

A KA AKX

W E R (WGR) = CRIKJT & — IR T2 /WK T &

FE % (SR) = (LR B/ ViR B 2O »

HE BE (CF) = A5t /(R K 19575

R L CHSD = JiF B HE o &/ i 4 S0 &
1.5 EMESNE

RAEH LR B AL AT S 3 2 () L IR A 2R 4 fa, R 475 B 4000 2 L UL PR 2 40 4 v 1) A
FHTERMEP(GB/T 6432-2018) LG E %05 N , BRI 7 5 >R FH E AR (GB/T 6433-2006) % FC il #2 %
s HLIK 53 75 1R B AR (GB/T 6438-2007)550 °C By fy 7 1 68 3 I 2, K 43 5 4t SR T I B (GB/T 6435~
2014)105 °CHEF 14 18 8 0
1.6 MFLELIER MENEEHNRFEEHLESEAUE

KT ADVIA® 2400 4 [ 31 PR A 46 43 B AT 2 ] 6801 375 25 Ak 48 A G BB 2 M+ R BR 224G 56
B AL 45 8 4 (Total Protein, TP) ; % 4 (Albumin, ALB) ; Bk & 4 (Globulin, GLB) ; 2% N #% & #§ (Ala-
nine aminotransferase, ALT) ; 4 B %4 & i ( Aspartate aminotransferase, AST) ; & JJH [ % ( Total cholester-
ol, TCHO) ; H il =& ( Triglyceride, TG) ; &5 % J# I§ 2 H (High density lipoprotein cholesterol, HDL) 11
2% ¥ B % M (Low density lipoprotein cholesterol, LDL). Ifil & H 3t & fb 48 45 12 $6 9 [ (Malondialdehyde,
MDA) . i3 AL & i (Catalase, CAT) F1i#8 & 4k 9 157 4k i (Superoxide dismutase, SOD) 89 i 1% F1 7™ #% % FR i
7 & (Rt A A ) TR T ST T 1 ) U B AT A A B 3 R £, B IBOES A R T 1 B A TR &
o 0 (R 50 AR W TR R T, A ) LT A fi7 6 AR B (Lipase) | a-3E 83 i (Amylase) FE & 1B (Tryp-
sin) [ il T% 77
1.7 #HiE4hE

BB SPSS 22.0 R A7 8 K K 5 22 (One-way ANOVA) 37, SR J5 # 4T Duncan's £ 1 H 48 %
W PR S . P<<0.05 I R 22 57 B35, 45 R DL I S AR 227 (Mean £ SD) K.

2 SEIGZER

2.1 2 okobt i X i AT 6 AR K M RE RO B2 T

B K 31 % TR AP A K PR RE G R MR QN SR 2 B . 4% 4 22 ) S TR0 ) 4R 2 R R (IBW) L R OR By R
(FBW) 4 H R (WGR) fETH A (SR) B B (CE) FFAK b (HSD 5 45 4 76 B E 1 2% 5% (P =>0.05).
2.2 kbt i X i AT 6 AL P9 A0 2 B E ML S RO B2 0

WNFE 3 AT 7R o 7K b 3o R A 3o e YL T 5 1L PR £H 0 4 £ R R P ORI 0 L 7K G RO 4 B R R R AR
W F R (P >>0.05).
2.3 E ok Xt i AT 860 1 3 A L3S AR B B2 0

MR 4 FrR, 5 SO AL &R S T A H BRE S E B H =R A T A A
N5 22 AN B3 (P>>0.05). 1 BSOF100 AL % B2 iR 25 11 (LDL) & & i 35 & T4 B (P <C0.05).
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* 2 AE LGBk i R = i X A 6 4 1< 1% B B R Mg
Tab. 2 Effect of different proportions of black soldier fly oil instead of soybean oil

on growth performance of Qihe crucian carp

25
R

SO BSFO25 BSFO50 BSFO75 BSFO100

b ¥ ot i (IBW) 18.54+0.31 18.15+0.14 18.34+0.70 18.76+0.49 18.22+0.19
LR ¥ i (FBW) 44.8140.29 44.9040.35 43.96+1.35 44.92+0.98 43.4340.49
R R (WCGE) 129.84+5.06 129.80+4.14 127.5143.47 128.75+21.22 125.18+1.57
17 1% F (SR) 10040.00 100=0.00 100=0.00 100=0.00 100+0.00
FFAR EE CHSD 3.6940.71 3.60+0.62 3.9540.53 3.7640.24 3.6040.47
JE i & (CF) 3.0940.18 3.20+0.14 3.1940.13 3.134£0.14 3.084£0.07

®3 B EHAGNAMNEEERASHNE N

Tab. 3 Effect of black soldier fly oil on proximate composition in tissues of Qihe crucian carp

20 5
LA 5
SO BSFO25 BSFO50 BSFO75 BSFO100
AL Muscle
M EH Crude protein 17.360.13 17.71£0.22 18.03£0.11 18.0840.47 17.6640.34
HLAE i Crude lipid 6.66+0.60 7.14+0.18 6.8740.29 6.8340.83 7.0040.45
7K 43 Moisture 78.6440.19  78.0540.27  78.14+0.15 77.8340.09  78.0040.48
K4y Ash 4,9640.06 5.05+0.07 5.1340.09 4.83+0.21 5.1440.07
4= Whole-Body
ML M Crude protein 15.380.39 15.660.29 15.7340.33 15.5340.18 15.8140.14
HLAE I Crude lipid 25.45+3.43  26.98+1.19  24.1240.21 24.6441.37  25.1442.87
7K 43 Moisture 70.4740.76  68.85+1.30  68.90+£2.13  70.20%0.94  66.24+1.64
K4y Ash 9.25+0.26 9.48+1.00 8.99+0.10 9.40+0.41 8.54+0.33

R4 A[EEL B2 ok bt i A i o AT 8 1Mo T A L SR AR B B4 I
Tab. 4 Effect of different proportions of black soldier fly oil instead of soybean oil on serum

biochemical parameters of Qihe crucian carp

21 51
IRCE R IVETE =R (L o
SO BSFO25 BSFO50 BSFO75 BSFO100

BEH/ (g L7HTP 38.44+1.48  42.00+£1.18  39.33+1.29  41.334+2.09  38.56+1.14
HEM/ (g« L-HOALB 15.2240.74 18.2240.64 16.00+0.80 18.1141.57 15.7840.83
HEM/ (g L-HGLB 23.224+0.85  23.89+0.65  23.3340.71 23.2240.64  22.78+0.36
ARG EM/ (U« L-HAST 415.57+44.94 398.33465.99 359.22-62.47 382.4480.24 388.44+62.03
BN/ (U L-DALT 7.56+1.37*  9.7840.95b  8.004-0.93%  5.2741.08° 6.534-1.83%
JE 2/ (mmol « L™ TCHO 6.29+0.20 6.70+0.23 6.42+0.27 6.54+023 6.59+0.19
HH =M/ (mmol + L™H TG 7.5140.32 8.0040.77 8.1940.83 8.0040.94 7.3340.66
& EARE A/ (mmol « L) HDL 3.31+0.16 3.28+0.33 3.1040.36 3.1340.30 3.2140.20
K% R & 1/ (mmol « L™ LDL 0.53-0.18¢ 0.5340.30° 0.5840.35° 0.5740.25¢ 0.7840.22"
b dE bR

AP E AL/ (U » ml~1)SOD 331.85+3.61  342.964+4.11  338.30+6.26  343.95+2.23  342.0640.55
FEALE /(U mlm)HCAT 6.07+0.60° 6.34+0.37¢ 6.50+0.84*  27.30+£1.19>  25.9141.49"
W 8 /(nmol » ml~ ") MDA 11.140.14¢  11.0840.18°  10.934+0.12¢  10.40+0.09" 8.83+0.16°

R — A7 R bR A R/NG PR 3% 22 57 (P<<0.05) ,n =3, N [A.
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2.4 Bkt Xt T mER KA EEENEm

AN TR A B AL 7 BT B AL BTG AR AL IR 4 BRSSO LA HE . 4% 21 1 7 HE AR Ak W B AL i (SOD) % 1 6
ARk (P >>0.05), BSFO75 Fl BSFO100 41 i % fk & B (CAT) & J7 i 2 3% fm (P <<0.05), H N &
(MDA Jiit 43 85 b 3 I (P <<0.05).
2.5 Bkt i X i A 80 A% 8 E L B iE MR

ASTR] b 2R 4 B 8 T AL B S AR AL 36 5 BT R 5 SO A Fb L 4% 4105 17 il 335 1 JC S 35 A8 Ak L 4% 41 5 ) il
1% J1 1 BSFO25 .BSFO50 .BSFO75 41 i 25 1 il 1% 734 1 3% = T SO 21 (P <<0.05).

R 5 RE LGB ok b i B 0 S 5 X S 60 e AL BB OE B M
Tab. 5 Effect of different proportions of black soldier fly oil instead of soybean oil on

intestinal digestive enzyme activity of Qihe crucian carp

B A4
8 bR
SO BSFO25 BSFO50 BSFO75 BSFO100
NGl /(U » g~ 1) Lipase 12.9640.81 10.0740.52 12.4141.23 11.1141.85 11.8641.63

VEM /(U « mg— ') Amylase 0.0940.003*  0.1040.003>  0.1140.001>  0.14£0.001¢  0.1420.001°¢

BRE FEEE/ (U« mg™ ') Trypsin 7.4343.93¢ 47.874+6.10°  40.56+3.77¢  27.24+5.33>  12.87+2.22%

RIS
WFoR 45 B B A [R] B 4 T Vg 0 3 2 K PR B 5 % BR4H Z [B] ¥ W3 25 5, 25 W B8 K by i 27 4 0 o 3il o 1L

T ) A R 2 7 A 7 TR W)L 3 AR E R 5 e R (1 A 9 & B R K I 5 e AR S R S H A K
PR 25 B — B AE BB (Cy prinus carpiovar Jian) [ AGWFFT W FE 0T, BK dt b v DL S22 Sl A £ i
F RS FLAE R S A oY & B SRR I E A R B B DR A AR RRY L i H HE R R A S, K S
B3 0 B T IR 5% Ak Sy R 2 R At A3 7= 1 HEATL A I SR 1 3T S VL T A K R i A

ELAT WF 5T & BR . f0 R B 2H 40 32 Tl Rk 4 B A % i 2 AR AR 5 v L R TR L 8] A B K e e R AR L ke
TEC YT I PR 4 A (1 B R AL A T A S S ) L X 5 A R e (B0 45 SR L BELGHIT 451 ffi i 22
K 3R AR T E KPR R B (Salmo salar) WA BIF IS & BL ARG H B 40 A & 2E 3 AR 4k, 3 1T Rg
JE TR TR AR f2 28 2% B 18] A9 75 32 J2 38 5 AN R R PN TR g I ] 8 5 D E 2R K 3 mT AR R HORR
It 7 1540 YL T AR e e A AT ) T S DA T 4 R £ AR R AL 43 1 R E L H DAVIS S5 78 55 8 21 #4 (Sciaeno ps
ocellatus) MWFFE & IR , HOAR s I eb 4 g 10 2 2 42 = A R /ML B 1 7% 8, DUMASS 2500 0] & B8 7 6 H R
rh T 5 00 SR K iy R A T S R T A R T i 3X AT B A A SIS R TS T AN [T

Mg TP F2f ALB fil GLB 415, TP fil ALB R J W HLAA 79 & 1 B AR IR 0 . GLB i 7T L & 5
AT AR Y G g B AR IE G 4 SR R, BB K I AR Bl S X TP, ALB il GLB & 8 ¥ 70 W 3 %2, &
YL Y 80 1 2 1 A RN B0 2 R A A2 BN FI R L X 5 7E T 6 R $E 40 (Pelteobagrus fulvidra-
co) I TE S5 AR R AST . ALT 2 AL A4 F 2 1Y 20 BE R A 00 i o JFG 23 k1) 728 b T LS e P O 7 i R 1R 5
AR, 5 T A A, & B R AST il ALT K V%A & 4E B35 A8 1k, 3 2B oK il &% 1R s
(75 % ~100 %6 F5 FAAIK 11 i 34, 2 B S /Kbt 3o 0 VL o 00 O 20 35 7 R 2 1 0 R TEAS RS ), 3 5 7 g I
M FE 45 SR — B0 Ah . SCHIAVONE S50 75 G 9 WF 5t 2 B0 H O oh 8 in 2 /K 9 R 23 5% W) I Y 19
AST fil ALT BY7KF. TCHO Fl TG J& I 3 * Bg B i 2415, HDL A1 LDL 1] DL i B A1z S i v A i JE
B, BT AR Ak 32 HOAR T 05 V5 1) 52 1), BB A% 5 e £ 44 I JOE Xt S I 1) W WAC R R e e Y AR AR g L
KA AR T e L BRI TCHO, TG #it HDL $8 45 ¥ oKk & 4 B 2 P48 4k, {H BSFO100 20 LDL 7K~F &
Tt 2 W o8 A A I e VTR G R IR 2 A Ty e AT RE A7 B 5 e, 4 30 ] R 2 Xof Y Ve 680 O AR
K Tk I 3650 23R 7= A AS TR i oA AR 25 A R b A I A A R B T AL 5 X R RE S H R b i
U5 R % B 52 LDL 32 A4 i & PR OC , BARBLENA f T i — 20 B2

Ao, 25 H L T SOD TE ) A 8% 22 5% . BSFOT75 Al BSFO100 2 CAT & 1 B & = T
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Xt BRZL, MDA 2 5 i 35 A8 0 BE 4, 2 B 2R K a2 AR 0 ] BB 2 vo 1 Lo 80 1) 0 S B 0 XU 460 3 R
#E (Cyprinus carpio var.specularis) FIAF 5T [ AE & B H AR ohs in &K B A1 5% ] DL inde S AL e 1. X il g 5
BIKA S A BUR IR LT B A A G Y A G

A FE v, K e X L Y] 0 g T T T A S ) ¢ B K A 2 5 e LT 65 i 1 X i IR
(T AL RE 7. B G AR LU i T v D R TS ) 0 N, B 1 TS ) S S TS B A # . BSFO100 % 41
50 HEZH TG S 3 1 2 5, LA — A 38 B v T IR L 0 T R L ) 1 B K iy T L R e B 3 X R
JoFINGE M3 29 5 A I 380 {H SYPNIEWSKI 2552 B 58 & BE L K3 (Meleagris gallopavo) H AR H K
P A T 2 A AV B 1 T RRR 7 TR T, 5 AR SR A SR AN TR R RE R R R AN [ A e ) A SR R R
T2 5.

4 & it

SR R 5T G e K DA 58 0 T LB 8 B Al U G A A 5
BRI S RO L5 LDL At PR S AR 157K 7 4 9.5 24 FL ST I KCP 5 961 SRk i
T PR T 190 75 96 R SRV LR 37.5 ¢/ ke) W

2 % X #t
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Effect of replacing soybean oil with black soldier fly( Hermetia illucens)larvae
oil on the growth performance,serum Biochemical index and intestinal

digestive enzyme of Qihe crucian carp(Carassius auratus)

Jia Shenzong, Lin Mengjun, Lu Ronghua, Chen Yanna, Yu Weipeng., Zhang Yuru, Nie Guoxing

(College of Fisheries, Henan Normal University, Xinxiang 453007, China)

Abstract: In order to study the effects of replacing soybean 0il(SO)with black soldier fly larvae oil(BSFO)in Qihe cru-
cian carp. five isolipidic and isonitrogen experimental diets were formulated by replacing SO with BSFO, respectively. After 56
days of feeding, the changes of growth performance, body composition, serum biochemical index, antioxidant capacity and in-
testinal digestive enzyme activity of Qihe crucian carp were detected. The results showed that there were no significant differ-
ences in FBW, WGR, SR, HSI and CF among the treatment groups. There were no significant changes in serum AST, ALT
and TG levels in other groups compared with SO group. The LDL in BSFO100 group was significantly higher than that of SO
group. Compared with the SO group. the SOD activity was not significantly changed in the other groups. the significantly in-
creased CAT activity and the significantly decreased MDA activity were observed in BSFO75 and BSFO100 groups. There was
no significant change in lipase activity among all the groups, while the higher trypsin activities were found in BSFO25, BSFO50
and BSFO75 groups than SO group. Compared to SO group, the amylase activities among the other groups were significantly
elevated. Based on the results from growth performance, antioxidant capacities and digestive enzyme activities, and LPL con-
tent, it is recommended that the amount of BSFO instead of soybean oil could be 75% in the diet for Qihe crucian carp.

Keywords: Qihe crucian carp; black soldier fly larvae oil; growth performance; serum biochemical index; digestive en-

zyme
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