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FEE: e i 44H 55 B SR (45% 8, 15% M08 i) IRC & 1kl % HE2H 247 30% 04 £k (FM30), HoAthi34H 733 I FE K
W (Hermitia illucens)4l] B B 416.67%(FM25). 33.33%(FM20). 50%(FM15) %5, 15 NI K IR R 48
LN 5 (Micropterus salmoides)%)1 #.8J, 8 7t F B 7K Wi 4y UKy B ARAS [ L A7) #0805 B i A= K vk e L AL
P fe BERD LA SR IR . 45 BN, SN B E LR AR R, WER, etk iER L LR EZE
FE(P>0.05), FM204H 1 41 7 %5 ey 1) 386 52 6 N 8 AR K2R A kL RS AR, K T FMISFIFM254H (P<
0.05). F B KHT &l Oy 36 20 B AR AR, BRAK T At FURFRE 0 B 0 & . s Hh =g & & . FFAEC14:0.
C16:0. C18:1n-9F1C18:3n-31 & = AL FIDHA & =, {H2E, 300 7 FFEC18:0. DHA. EPAFIC22:5n-3(1)
S, H LA RN BT BE A 2 3 R AL B R N o 5k R ZELRE Bl FMI20ZE i i i AR 10 7R I A B R 1
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WG OL, 7T NE DI EEYE . DUAED & EMafE O S E. TIDHAS & m. FIREE RRH, i A
A VR A R FE AV R0 I T TR 1 R 775 76 I B & £a i TS A R R T DA S K & HUORS R 50% fa
(FML15), £k P 7S 0 52 5 K T P38 3115%, AN 52 e i s 1) A K 1 i, (A2, S0 e 1 SR 7K 4y HORy B AR 1 2
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il o5 5 9 17.5%—63%A112.8%—49%, H: & A
BERAR. RE2 K. BER. SRS 0HER
FEIR, b 7 = HE R A S Ry AR ABL R T S R
RETR(C16:0)F1 H H:IR(C12:0)55 1 Al i 7 18 K e 1R
(C18: 1n-9)F1 V. Ji1 % (C 18 2n-6)25 B AN A1 flig 7 1R
15 AN TG R, T v ORI P P R AR a9
TSR IhAh, K Y HUE E S 45, -
SRR S LT R PR RS A i e
PR, JEKiEgh du — ML i B R RYR. 24
FEAR 2 0 2R I J& 1 R K SOk 5 7 5 A AR08 1Y)
W9E, WL 68 Oncorhynchus mykiss)™ " X P8 fik
(Salmo salar)""s BRI 85 (Dicentrarchus labrax)"” .
5, #8 (Channa argus)[m\ & 8 (Cyprinus carpio var.
Tian) L B A (R, CZRIE R LE I
fiyi e I JRE R SR K Ok B AR EOR BT T, A
TP bt R G B AR, — e 40% Y. A
TF ST HOTE FOR 2 B AR (30%) H) SE Atk ALkl v, FH 22
KT %) HOR B AR [ L A3 1 1083 (16.6 7% 33.33%
H50%), BIFFERE I H i 4yt i AR PR L At FnZ
GUHE TR« HUAAAE FE L UL IRIRT I B0 21 2
W2 Jg TR AL RS2 0R, DRI R 2 R o 5 B
H AR 7 8E & P RHR fE BERL

1 MRE5RE

1.1 SEIER

MRHE N 5 18 7R 75 5K, Be il 4 FREEE. SN
F) S 6 AR (45% 88 1, 15% 08 1), o, FEml ikl
B 30% ) (FM30), HoAt 320 5256 1l k) 43 51 ] 28 K
I 2 HURY B AR 16.67% 5 K (FM25). 33.33%f0 4
(FM20). 50%7fa 43 (FM15), 47 S 56 4k} i1 J5 A 40
JR R SN B 5% R A ML 1, S TRk R SR R 4
FRLER 20 BROKIC ARG TN AR AE R
PR &), 5 22 W T S i TR AE IR BR A )
PR, A R} H N U R AE MR A PR A R R
fto Ry, TR TR K 4 s A ) Rk
Wi a, 160 H i, 78R A 42515, FISLX-80% XY
R 57 ML 52,0 mmBBURLARL, 60°CHET f5 % IR
A, FE DA s, BT 20 CUKFE MRS H .
1.2 SIgt R FFAESLI

FRHH SIS AL = NG K IFRGE R 4 Rk AT, 7758
FTARFA N300 Lo i FT3R, 4 0.01% £ R B
W IR R AR RO AT A0 3, eI
T 5 2y 6.0 F- 7 248 kL T =K A A KPR A
AIRA R, HKZFE G, 44w S R G
Jei B AL AE 8 395 Y R DI 2, P A 2 i
T 715 B 4 L (W) A6 AR B 20 R17.05 g) 360)E, BE

=1 ZHRREERRIE RS (R TFEE, %)
Tab. 1 Ingredients and proximate composition of the experimen-
tal diets (air-dry basis, %)

20 53l Group

i Eltem FM30 FM25 FM20 FMI15
Ji# el Ingredient
1 #}Fish meal” 30.00 25.00 20.00 15.00
T }1Soybean meal 12.00 12.00 12.00 12.00

N

;E?gﬁfi%ﬁmemate 23.00 23.00 23.00 23.00
oK 4)) BB BSFLM® 0.00 10.00 20.00 30.00
£ 3 Fish oil 110 110 1.10 1.10
K Z. it Soybean oil 730 490 240 0.00
751 J T Strong flour 10.00 10.00 10.00 10.00
K 5 5% fiE Soybean lecithin 200 200 2.00 2.00
7% 2 K Seaweed polysaccharide” 0.10 0.10 0.10 0.10
HoAthOthers' 1450 1190 9.40 6.80
41T Sum 100.00 100.00 100.00 100.00
E 78 Nutritional level
7K 4 Moisture 500 440 635 9.05
#1 %% A Crude protein 44.84 4503 45.08 4529
1l i Crude lipid 1498 15.65 1525 15.85
HL 7K 53 Crude ash 10.33 1094 11.80 11.55

e BRI Aok HEE36.09%, HIAEN36.78%,
MK5313.58%, 7KI33.40%:; LR M SR RHL
A BR 2 B AR AL DRLA I A B4R 913 HALBLIETER — A
. SR, 24 20, MERFERS

Note: Black soldier fly (Hermitia illucens) larvae meal:
36.09% crude protein, 36.78% crude lipid, 13.58% crude ash and
3.40% moisture; The feed additive of seaweed polysaccharide is
provided by Haixingyuan Biotechnology Co. Ltd as Zaoweita 913;
Others contain calcium dihydrogen phosphate, choline chloride,
multidimensional, multimineral and microcrystalline cellulose etc

WL B4, BT % WG IR K I8 R G (1) 77 5 6T H
TR 7%, B3N B AL, FRELN 30 M, FRES N .
FRAE I E], AR PR 7R(9:00H1116:00), F3BE 1—
2didE AT 4K, K FE A 30%—40%, R KR TE
25—27°C, pHfE6.8—7.8, ¥ fif5>6.0 mg/L.
1.3 #@mEX&E

TEFRFE SR 45 R 5, S256 i iU ik 24h 5 3E 47 %
FE o FH100 mg/LIa) 2 2 78 H R £, 1 HR s % 6 (MIS-
2225 S fa B AT BRI, VHE R I A R A A T
ARK LA KA br . BE S, W AEGEDH BEHLEL
2R AR A R, IRAFAE-20 CUKARH T8 7%
A 38T e AN, IWEREET R EEATLE 6 fh, 3 — X
PEVE 5 2% AR B ik AL SR ML, 2 )5 BTk b
A AR, 7> B REAE . THiE 2R, FE5 WA A
WEREAT AR BUFAE . BT 75 URE A FH i 2 R
J& B T-80°CUKAH IRAF, FH T Bvi% M 72 178 77 o)
ST, A emK BT FE AR R AT T 4% % 5 H g
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Tab.2 Amino acid composition of the experimental diets (% total

amino acids)
S 45 Group

Amino acid FM30 FM25 FM20 FM15
RAZRASP 4.16 4.19 4.09 4.01
HEMGLU 7.08 7.19 7.00 6.93
22 BRSER 1.83 1.87 1.83 1.81
HEIRHIS 1.02 1.03 1.00 0.94
HEKRGLY 2.15 2.18 2.14 2.01
INEIRTHR 1.67 1.68 1.65 1.58
IR ARG 2.64 2.73 2.70 2.53
WERALA 2.35 2.47 2.55 232
IEEERTYR 1.13 1.22 1.29 131
HRFRVAL 1.83 1.92 1.95 1.96
FRZBMET 0.61 0.60 0.58 0.48
N A MPHE 2.05 2.05 2.00 1.94
FAMRILE 1.97 2.01 1.98 1.95
SR RLEU 3.15 3.17 3.11 3.01
HEBRLYS 277 2.68 2.63 2.46
syl 36.40 36.98 36.50 35.25

o, T AHZ) b S MR R i AE4 C T E
2hJ&, 3000 r/min#s £ 10min, WL 2 3% F2 mL
BLE T, B T-80CH RAF%H .
14 SKMRENE

MpEMER, FrEd KR, mE R &A
JRRLE . HREG . MEAREE . RRWERE . fAiEREE
Kdah3, tHEA LR

14 i 2 (Weight gain rate, WGR, %)=[(W~W,)/
W,]x100

52 4 K K (Specific growth rate, SGR, %/d)=
[(InW~InW,)/1]x100

Ak} 2% (Feed conversion ratio, FCR)=W; /(W,x
NAW—WyxNy)

B 5 %% (Protein efficiency ratio, PER)=(W,x
NAW=Wo<No) (W< P)

44 Lt (Hepatosomatic index, HSI)=W;/Wx100

JEAA EE (Viscerosomatic index, VSI)=W,/Wx100

JIEL % % (Condition factor, CF, g/em’)=W/L’x100

i # (Survival rate, SR, %)=N,/N,x100
I, WRNBR IR BT (g), W AWIaa T 24k
JRE(g), LI RE(d), NoNZR RS, NG
iR A, WO Bt AU A BT R (g), Wi N R &
(), PNIRBLI 2 E BT 7 (%), Wy, ik (),
W N NI (g), W), LA (cm).
1.5 1Ak £&. ALAFERNEFRRSTNE

K& B e SR I HEAR 105 C oL T 2 fE E A 7

1%(GB/T6435- 2014), A & [ & & w2 R H YLK E
RIF(GB/T 6432-1994), FH g 1 2 20 & SR H 2.l
2 G 922 (GB/T 6433-2006), K 434 Bl 58 K F
I 35 41550°C 18 25 18 5 1 /774 (GB/T 6438-2007).
1.6 REERLE AL FNRERHERLE AR O ZE

FEER I E S IR 2 85 25 750, AL
RIT IR AR 46 mol/LERFRTE110°C /K fif24h )5, K
P 22 A8 B 2 7 LC 126078 2080 1038 43 () 3k
FE: 25 ZORBAX ¢18, 150 mm x 5 pm)itt 47 il
E o MENITRINE 2 LIS J7 i, KA H A 80
A F GC-17TAS AR G A, T8 3k g 7 B2 A% &b (Sigma-
Aldrich, 3 [H)% € R T2, K H AR H— & H A
FIRMIRRET 5 E oy e &
1.7 MEEHIRFRAONE

1 JiH [ B (Cholesterol, CHOL). H i =B (Tri-
glyceride, TG). iK% £ /I & F (Low density lipopro-
tein cholesterin, LDL-C). 75 % ¥ i & [ (High den-
sity lipoprotein cholesterin, HDL-C). Ifi. % (Glucose,
GLU). % ¥ %% % Jif§ (Aspartate aminotransferase,
AST). ¥ Z f(Alanine aminotransferase, ALT)-
ik P % 2 I (Alkaline phosphatase, ALP). & 2K
(Total protein, TP) & & Ml E 2 ) ZRA T I i
PRI e % FH H 3776004 [ 3 A AL SO
1.8 M5, FFHVERSE IRONE

fIE Wil (Lipase; A054-2-1). o-TE ¥ EF(Amylase;
CO16-1-1)F1 i 2 1 B (Trypsin; A080-2-2)K F 7 %
ERAEY TR TR G T E, ¥ AIE FH0.86%
AR SR B . SR, 4RI 2 AR R k=119
(WIV), UK 2) 5 JG 25 05(4°C,, 5000 r/min, 20min), HX
IEWAE AR R, B AT 20°CUKFE &, JE 4k
W 5E 2 MR Soud AT A . B S B4k
i (SOD; A001-1-2). A — [ (MDA; A003-1-2)%
2. AMHE S S EE(GSH-Px; A005-1-2), it
AL S (CAT; A007-2-1). YA HBF(LYS; A050-1-
1), Bl P % B2 B (AKP; A059-2-2)F1 R 11 ik 2
(ACP; A060-2-1)tH K F B 5{ & A 264 T REHF 72 B
POREEATINE, B SCae PR E b I A Ul B AT
1.9 MERLAFY A

F 4% % 5% FF i (] 5 PR A7 i B AR, 38 0 Y A
FEB KA S G EY A, VIR RN 4 pme F
W R R AR B -R AL (HE) ety e e A,
FOG BB s i U Fy o HAa i
1.10 HESZITS59H

H 4 F ~F 548 45 #E 7% (mean=SE) & 7w, 187 H
SPSS 20.0 ¥ {4 (IBM, armonk, USA)ik 47 £H. [a] ¥
% /7 Z 47 H1(One-way ANOVA), 33347 Duncan [X
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Z T, BB PEZE RN P<0.05.
2 #R

u.E*ﬁ%E%ﬁRi%ﬂmwﬁmﬁiﬁﬁ
EE AL

W 3PN, AR RIERAEIT.67%—100%,
TR EWZRP>0.05). FHAALREFE. B
HE, FpEAKE EOAR B ENMEZE R (P>0.05).
TEER A 0% b, FM2040 5 3% & T AR 2 (P<0.05)
TEVA R R % L, FM202H 2 3K T FMI1SAIFM254
(P<0.05), 5 X HZHFM30%E A I 35 P 22 5 (P>0.05).
TE AR L AT R A LE |, FM20FIFMLS4H & 25 5 T4t
HEZH(P<0.05). iR &5 B R oR, 155 30% M 1 5
fiti Ak, B K 2l ok B 4R0. 16.67%- 33.33%
F50% ey, o n M s gl fa (0 A= K M e VA S 3 5
Wi, o FM20Z (B 4%.33.33% 11 00 i A8 K 1k g %
f, B R T XA
22 EKEHBHBREMIMMEEE ., AL
A\ BFBERYE TR 57 8IS0

B 5 T & PRk o B K e & Ry 5 AR R B Bl
BTt A, FERE AORELRE G 2 2 BB 1) e 3

FMISH B4 FEIERAH IR T & & 0 F KT XHE
H(P<0.05); & EA S E 2K E T &

TG A%, DIFM202H 4t (FLE A & B i,
B35 T B4 (P<0.05); JUL DA FRTHH JE 7 5 B 52 30
S Th 5 5 BRI #a H, LLFM20ZH UL 1AL (16 g 15 25
B, BEm T R 4P<0.05); LA E A&
R AR B A B M E R P>0.05; K 4). 5FHE
SLI6 JE B ) GG A B, FR5E 8 R, FM204 £
JEF P 0 JUL DAY 4D REL AR - 2 B S 389 0, AT e AEL g P
B B ) 1G NE E f o R (R 4).

23 FEKAT4 A K X NN &5 I E & L iE
FREVEZ 00

W 5P, B S K 4 sk B A 100 1 L
Bl 7t v, ML 28 A R AN A R S R b
Aiim%%ﬁFﬁﬁﬁ%ﬁmtﬂlﬁzw&
AL 375 5 2 R Il P A S TEL T B v R IR AR
H. KEEREEAS E%W%ﬂmFMﬁﬁﬁm
(IS o N SRR T 4y Bk 1 3 40 £ 1 It 3 H i =
i 1 5 B 48 2 3K T 6 R 4H.(P<0.05) . 1Ly LDL-
C/HDL-C Lt 2 AN 5% B K i &)y ey 85 4R a8 LE A3 1)
S (P>0.05). 5 FEZHAH LL, FM204H £ 7F IfiL i =
JHEEEE . ANEAN. SREEEE. S%ERE
H. REEREASE LRGSR EEZERP>
0.05), H 2, 2 35 FAAR 7 0 375 Bl 1k 1l 12 Tt i i A0 H
=5 & B (P<0.05), Y80 T 1M MpE & &(P<0.05).
2.4 FEKAT 4 K & X0 N &5 AT B B SR A9
E; ul‘]

WL 67, A Talk Y B K i &)y B 38 45
AL, S w7 b gt R TS RS, B
I 7 HT IR VA B B P, InEM204H 55 IR ZH AR EE, B2
EHEIN TN RSB, PR T R BRI 14 (P<0.05) .
I o R K 4y R B AR ok 1) B A T, P AR A
A . T A SRS T 2 I RS e
B, FEFMI1SZH L 2 5 R H, H5 0 R AR LE 2 =
AN 25 (P>0.05); JHF R PR A I T TG 1Pk 9 P V.S
P2 IS T 5 B B & 3, FEFM252H 0K 31l i K
B, H 5 X RRALAH B 2 A B35 (P>0.05) . FFAEAE
H sk S AP BRI A TR 2 1) T 2 3 M 22 5 (P>0.05)
2.5  FEKAT4 R X &R XS NN B5 R A% B R Y
20

Wi 7HR, AT, & s b K

&3 FESERMME SR E KR

Tab.3 The growth performance of juvenile Micropterus salmoides fed the experimental diets for 8 weeks

e 20 51| Group
8 hRTtem
FM30 FM25 FM20 FM15
VIR A FTEIBW (g) 17.05+0.01 17.060.00 17.05+0.01 17.04+0.01
LR FTEFBW (g) 95.73+1.73 98.54+3.89 98.46+1.18 92.6442.92
W E R WGR (%) 461.51£10.11 477.77+22.80 477.51£7.03 443.62+17.09
FrE K FSGR (%/d) 3.08+0.03 3.1340.07 3.1340.02 2.98+0.04
A ABCRPER 1.73+0.03° 1.59+0.06° 1.84+0.03" 1.58+0.02°
Ak ZHFCR 1.31£0.04" 1.39+0.03" 1.2240.02° 1.38+0.03"
JiF 44 ELHST 0.85+0.03° 0.960.04™ 1.08+0.04° 1.24+0.05"
AR LE VST 4.93+0.14° 5.12+0.10" 5.42+0.10° 6.07+0.09"
LI CF (g/em’) 1.88+0.03 1.960.02 1.99+0.04 1.99+0.06
A #ESR (%) 100.00::0.00 100.00+0.00 100.00::0.00 97.67+0.06

T FATEE A A F AR R AR, RN AL ZE R B3 (P<0.05). T

Note: Values in the same row without the same superscripts are significantly different (P<0.05). The same applies below
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A ARG VR T R R I
oE M ZE R (P>0.05). 5T HEZALM L, FM2041 /1)
B 9 2 0 T R (P<0.05), B IR I
PR 1 ke 1R T R oo~V Ao T 1140 9 12 Y 2 PR AR (P<0.05)
ik B 1 G A B S K & HRORy B AR AR LR g 1
IR T E RS, HEMISA @) & A B v R
Z TR 2 (P<0.05), FM202H 1 (1) Jig i Bl v o i

Z 1 TEM2541(P<0.05).
2.6 EIKAT LN &R X AN N &5 A (E 4R LR
SHIR I

FEFS A VL S K i 41 sk 6 2 254Xt K
T s g f8 650 i 16 B R AH SV I BB AR .
GEREREIEZLG, IFM25 RIFM20 45 A (- 1).
X R oy 4 2R 45 46 T2 38 22 48 bR #E AT G 1, FM25 A1

AN

#4 FESERMMESEHEE. AN, FFENERES(%TIER)

Tab. 4 The nutritional composition of the whole body, muscle and liver in juvenile Micropterus salmoides fed the experimental diets for 8

weeks (% dry matter)

147 Ttom 2H 5 Group ‘

FM30 FM25 FM20 FM15 #14f fInitial fish

4= £ Whole body
7K 4 Moisture 68.58+0.08" 68.30+0.29" 69.83+0.22" 70.06:0.52° 70.29+0.33
FH 2K [ Protein 56.04+0.59" 55.49+0.39" 59.96+0.33" 58.60+0.81° 60.39+0.46
¥ 97 Lipid 20.57+0.70" 20.300.63" 18.85+0.52° 17.80+0.84° 18.61+£0.08
FAIK 53 Ash 13.97+0.21% 13.85+0.09° 14.43+0.09™ 14.63+0.21° 14.90+0.28
WL AIMuscle
7K 4 Moisture 76.61+0.09 76.85+0.36 77.50+0.35 76.94+0.32 77.74
12 A Protein 87.75+0.19 86.53+0.37 86.70+0.66 88.13+0.17 88.30
A8 D7 Lipid 1.57+0.19° 2.23+0.11° 2.254+0.13" 1.28+0.09" 1.30
FFAF¥Liver
7K 4¥Moisture 71.17+0.17" 70.15£0.27% 70.15+0.55™ 69.62+0.29" 69.81
FLIE WiLipid 9.24+0.34" 8.43+0.22" 8.47+0.44" 7.40+0.39" 326

*5 FESERMMELE R MEE (Ligks

Tab.5 The serum biochemical index of juvenile Micropterus salmoides fed the experimental diets for 8 weeks

Fo b Ttem 20 51 Group
FM30 FM25 FM20 FMI5

SB[ % TC(mmol/L) 7.18+0.26™ 7.92+0.22% 6.44%0.11° 8.24+0.19"
BHHAALT(U/L) 20.06+1.04" 10.44+0.44° 21.25+0.63" 14.25+1.38°
B BRI ALP(U/L) 122.75+2.81° 139.00+£1.73° 110.50+0.50° 149.50+1.02°
7 B HEAST(U/L) 96.50+£2.10" 77.00+1.06° 93.88+1.20° 71.00+0.68"
[ #EGLU(mmol/L) 8.43+0.50° 7.86+0.40° 10.60+0.10° 9.36+0.48"
H it = TG(mmol/L) 2.88+0.18" 2.49+0.22° 2.58+0.45" 2.49+0.03"
7% [ JI§ & FAHDL-C (mmol/L) 4.0240.17° 4.47+0.11° 3.80+0.01° 4.5940.03"
% g & FALDL-C (mmol/L) 1.28+0.02" 1.36+0.04" 1.11£0.06° 1.53+0.05"
LDL-C/HDL-C 0.3140.03 0.30+0.02 0.29+0.03 0.33+0.01

*® 6 FrIESRERMIMNErL) & KR AEEESE

Tab. 6 The liver enzyme activity of juvenile Micropterus salmoides fed the experimental diets for 8 weeks

Hhiltem AL Group
FM30 FM25 FM20 FMI15

AL AL B (U/mg prot) 1186.36+37.25" 976.76+56.53° 1117.76+73.32" 1133.32427.16™
A %4 & (nmol/mg prot) 1.7940.10° 2.10+0.05" 2.08+0.10" 1.8940.09%
A e H K S AL (U/mg prot) 25.58+1.86 30.00+£2.06 23.00+2.07 27.50+0.35
A ZUE(U/mg prot) 19.84+1.30 17.25+0.49 18.30+1.13 21.06+1.90
VA T 15(U/mg prot) 453.91+41.89° 384.31426.56" 303.79+25.33 327.51£17.01°
i ol R il (< F L7 /g prot) 158.2625.60" 185.84+12.66" 126.70£4.11° 133.72+15.39"

PR VB BRI (4 IR 547 /g prot)

208.64+3.43"

224.16+18.33"

178.49+11.66°

171.22+11.74°
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FM204 1 [ Jizy B JE P55 R B 5 W 2 AT 56 R 4L
(P<0.05), FM25. FM20AIFM15 =41 1 f)F1K 40 i
BB LT B 4H.(P<0.05); [, FM20FIFM15
21 A2 (1 i A e T 2 v S TR AL(P<0.055 38 7).
B A B KT &) HOky B AR ok 1 LU AT T R, i SR A

BEEIWA &S, BAESHKGREEES
(P>0.05; % 8),
2.7 FEIKAT& R X & X 0N &5 AT BE FRAN S
B RERRLH AR RO F2 0

W% 9PN, [NFMISA 1 )N 2 IR &% 2w & IK

®7 FHESERMME &R EREE

Tab. 7 The intestinal enzyme activity of juvenile Micropterus salmoides fed the experimental diets for 8 weeks

$4H7Ttem 2H 5 Group

7N

" FM30 FM25 FM20 FMI5
FEE ALY LI (U/mg prot) 241.77+3.83" 252.87+5.34° 225.67+8.33" 243.89+4.51%
75 % £ & (nmol/mg prot) 1.63+0.13° 2.33+0.20" 2.42+0.08" 1.74+0.12"
A 06 TGS AL 2 (U/mg prot) 9.41+£0.43 11.45+1.05 11.99+1.55 9.37+0.65
i A S (U/mg prot) 1.51+0.18 1.94+0.25 1.64+0.12 1.45+0.07
¥4 BIE(U/mg prot) 22.82+0.59 23.57+1.37 27.2141.54 23.59+1.39
Bl P o R (4 EK #A7/g prot) 608.00£14.61° 576.48428.21% 512.44429.21° 407.34424.56°
TR T R T (4 ES B /g prot) 199.77+6.67" 215.82+5.90° 173.02+4.30" 180.505.66"
2R [ B (U/mg prot) 604.42+47.36° 693.38+13.11% 703.36£20.23" 769.64459.42°
fe B lE(U/g prot) 0.76+0.07" 0.59+0.05° 0.81+0.04" 0.62+0.03"
a-JERAE(U/mg prot) 0.69+0.02° 0.71+0.03" 0.59+0.02" 0.75+0.01°

f g

B 1 FRFESE NN b5 4 i R B B AL SUR 25
Fig. 1 Intestinal histology of the foregut in juvenile Micropterus salmoides fed the experimental diets for 8 weeks
i Sk BT 4R AR IR 40 i a. M304 40%; b. FM254H 40%; c. FM2041 40x; d. FM1541 40x; e. FM304H 200x; f. FM254H 200x; g. FM20

2H 200%; h. FM 1541 200%

Arrows point to goblet cells; a. FM30 group 40x; b. FM25 group 40x%; c. FM20 group 40x; d. FM15 group 40x; e. FM30 group 200x;

f. FM25 group 200x%; g. FM20 group 200%; h. FM15 group 200x

*8 FRIESERMMN L& HRTAARARSF i

Tab. 8 The intestinal morphological index of the foregut in juvenile Micropterus salmoides fed the experimental diets for 8 weeks

~ #H 57 Group
e brltem
FM30 FM25 FM20 FMI5

Jl7i B J2. & Wall thickness (pm) 208.36+5.64" 178.82+5.67° 184.40+4.32° 208.44+6.66"
JILJZ 5 £ Musle layer thickness (um) 140.41+4.41° 117.9343.64° 119.07+3.32° 136.25+5.20"
[ 4 %8 5 /% Intestinal folds height (um) 374.92+12.98° 399.85+13.45™ 424.58+15.01" 542.00+18.24°
Jr 4 %8 % S Intestinal folds number (ind.) 37.2542.78 39.50+2.40 41.25+1.49 42.25+0.75
IR A & Goblet cell number (ind.) 41.53+2.36" 17.13+1.30° 25.33+1.90° 25.60+1.89°
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T B2 (P<0.05), HAh & B/ & B AR A B &
= 500 B A LE 22 7 A Wi 35 (P>0.05). 4n 3R 10/T
7, ANFM202H 1 (1) S S B IR o B 35 IC T o 2 (P<
0.05), HAth = FE IR & B E 4117 22 7 A 2. 35 (P>0.05)
2.8 ZBIKHT 4R X & X NN &5 AT B AR AL
B BE R & 2R AR Y S2 M

WIZE 117~ F2E K4 Bk B AR foky, BRI
T HFIEM AN AR i BR C14:0 FIC16:0/ & &, #H x4
N7 C18:0% &; AN, &35 FEAK 1 AN g 107 R
C16:1n-7F1C18: In-9) 7 £ (P<0.05); 42 = 2 A1l
A1 g Wi B2 C18:2n-6.  C20:3n-3. C20:5n-3 (Eico-
sapentaenoic, EPA). C22:5n-3 f1C22:6n-3 (Docosa-
hexaenoic, DHA)) & & . {HF7ER M2, 34 2K
0 % HOBY U8 N4 BT IE 9 DHA . EPAFIC22:5n-37%
BB 5 T 6 B 4H.(P<0.05), LAFM204H 4 [y DHA .
EPAMIC22:5n-3 1) 7% & 8¢ =1, [FIRF, FM25FIFM2041
1 1) BT ¥ C20:4n-6 (Arachidonic, ARA) & &t i 2
i T REZH(P<0.05). {HJZ, 32H FE KU 4) HOR s
HFFNERIC18:3n-3 7 F A W E KT % R ZH(P<0.05) .

Wk 1207, FMISAH A LR IC14:0. C16:0
AIFM204H 1 LA B C18:07 & i % T X 41
(P<0.05). F 2 /K4 Hoky B A0k, FRAK T ULA
$$@@%ﬂﬂ‘§ﬂﬁ@§c18'1n- o, 2 AR R R
C18:2n-675 5 [ HE 7K i1 )y Bk U8 I 7K1 1 38 i 2
ﬁ%%éé%“, E3éﬂ7kﬂt@1$%ﬁ%buéﬂﬂmﬂﬁﬁ(:1s.

R 9 FRIESEEMNMESLN & HIAT BT SEBR A A% 2 BEER)
Tab. 9 Amino acid composition in liver of juvenile Micropterus
salmoides fed the experimental diets for 8 weeks (% total amino

acids)
IR 2H 5 Group
Amino acid FM30 FM25 FM20 FM15
REAMASP  6.74+0.36  6.85£0.66 6.50£0.10 6.39+0.42

AREAMGLU  13.35£0.16 13.26£0.19 13.06+0.32 13.62+0.27

228 ESER  2.61£0.09 2.61+0.31 2.50+0.04 2.45+0.20
HEBRHIS 1.20+0.07 1.22+0.18 1.16+0.05 1.10+0.07
HEAMRGLY  2.99+0.18 2.99+0.37 2.81+0.05 2.71+0.15
JAEMETHR 278023 2.71£0.34 2.58+0.04 2.51%0.19
FEHRMZARG  3.18+0.14 3.17+0.40 3.03£0.08 2.91+0.23
TIEMALA  3.38+£0.07° 3.27+£0.34™ 3.31£0.09" 2.97+0.20"
M2 BRTYR  1.83£0.05 1.82+023 1.73x0.06 1.70+0.14
BIEMRVAL  2.89+0.09 2.87+0.29 2.70+0.12 2.68+0.19
HAMMET  1.33£0.07 1.33£0.17 1.26£0.05 1.2240.11
ARNAMKPHE 2.72+0.11 2.68+0.23 2.50+0.15 2.53+0.16
AZMRILE  2.40+0.08 2.38+0.23 2.21+0.11 2.21+0.14
SEMLEU  43540.15  4.3040.43  4.07+0.15  4.04+0.29
HMERRLYS  3.0740.17 3.03£0.27 3.10£0.34 2.81+0.09

IR S 46.78+1.85 46.50+4.94 44.40+0.62 43.18+2.89

10 FRIESFE /S I &5 4 RO AL P A ER4E Al (% B LB ER)
Tab. 10 Amino acid composition in muscle of juvenile Micro-
pterus salmoides fed the experimental diets for 8 weeks (% total
amino acids)

AR #H 5 Group
Amino acid FM30 FM25 FM20 FM15

REZASP  9.20+0.10 9.05+0.12

8.94+0.23 9.16+0.06

BEMGLU  13.35+0.16 13.26+0.19 13.06+0.32 13.62+0.27
25 MSER  3.55+0.00 3.5240.03 3.46+0.11 3.54+0.04
HEBRHIS 2.24+0.02 2.19+0.03 2.07+0.04 2.16+0.04
HEMGLY  4.26+0.08 4.40+0.13 4.18+0.14 4.30+0.11
TAEMRTHR  4.07+0.08 4.02+0.07 3.93+0.05 4.07+0.01
FEMARG  5.18+0.09 5.13+0.02  4.99+0.11 5.36+0.22
WEMALA 5394012 5.26+0.05 5.13£0.11 5.23+0.08
BEEABRTYR  2.9440.02 2.89+0.01 2.85+0.09 2.91+0.02
HEMVAL  3.94+0.04 3.83£0.04 3.77+0.13 3.87+0.03
HAMBMET  2.69£0.04 2.65£0.02  2.62+0.05 2.69+0.01

KNZEMEPHE  3.93+0.38  3.90+0.36
& FRILE 4.52+40.53 4.41+0.60

4.09£0.12 3.66+0.42
4.07£0.06 4.77+0.51

SAMLEU  7.2040.09 7.05+0.08 7.01+0.14 7.19+0.04
BAMLYS  8.21+0.12 8.19+0.14 8.07+0.26 8.11+0.16
SULR AR 80.66+0.54" 79.76+0.73" 78.26+1.89" 80.64+0.87"

& 11 FRFESFE R NN 54 € B BT B A R BR4E AR (% 2 AR A ER)

Tab. 11 Fatty acid composition in liver of juvenile Micropterus sa-
Imoides fed the experimental diets for 8 weeks (% total fatty acids)

[EA 4173 Group

Fatty acid ~ FM30 FM25 FM20 FM15

C14:0 3.19+0.13" 2.10+£0.04° 1.3240.11° 1.16+0.11°
C16:0 17.5540.37" 17.11+0.33" 15.80+0.32° 14.71+0.44°
C18:0 6.82+0.15" 6.54+0.28" 8.72+0.32° 8.13+0.70°
C20:0 0.20£0.02° 0.26+0.01° 0.28+0.01° 0.26+0.02°
Cl6:1n-7  2.74+0.18" 2.17+0.11° 1.16£0.13° 1.29+0.14°
C18:1n-9  19.85+1.01" 13.95£0.49" 10.35+0.73° 10.92+0.80°
C20:1n-9  0.11£0.00° 0.13£0.01° 0.1120.01° 0.10£0.01°
C18:2n-6  15.02+0.48° 18.60+1.11" 16.77+1.55% 22.66+1.63"
C20:2n-6  1.17+0.08° 1.44+0.06" 1.18£0.13° 1.36£0.12%
C20:3n-6  0.18£0.02° 0.10£0.01° 0.10£0.02™ 0.13£0.01°
C20:4n-6  0.10£0.01° 0.15£0.03" 0.15£0.02° 0.08+0.01"
C18:3n-3 1.18+0.09° 1.02+0.10° 0.66+0.02° (0.58+0.05°
C20:3n-3  1.38+0.17° 1.69£0.09° 2.08+£0.19" 1.85+0.21"
C20:4n-3  0.08+0.01  0.09£0.03  0.08£0.00  0.09+0.01
C20:5n-3  0.20£0.01° 0.25+0.01° 0.30£0.02° 0.28+0.03%
C22:5n-3  0.68+0.03° 1.39£0.10° 1.11£0.06° 1.30+0.03"
C22:6n-3  12.48+1.40° 16.45+0.80" 20.35+1.71° 18.20+1.51%
SFA 28.44+133 28.44+0.58 29.62+0.13 29.61+1.33
MUFA 23.84+1.06" 16.78+0.58" 12.27+0.80° 12.83+0.92°
PUFA 17.36+1.49° 22.34+0.73° 26.19+1.77" 23.67+1.45%

LC-PUFA  16.21+1.48° 21.42+0.79" 25.53+1.79" 23.13+1.50®




3 T AR LA BT &) sk AR [ Ll Asi) feoR e A= L BILAA g AT IL P o 5 PR 5 379
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Tab. 12 Fatty acid composition in muscle of juvenile Micropterus
salmoides fed the experimental diets for 8 weeks (% total fatty
acids)

A #15))Group

Fatty acid ~ FM30 FM25 FM20 FM15

Cl14:0 1.56£0.15"  1.3140.21" 1.55+0.09° 1.12+0.06°
C16:0 18.08+0.13" 18.91+0.23" 17.76+0.13° 17.12+0.16°
C18:0 6.46£0.46" 6.44£0.29° 5.31£0.11° 5.90+0.24"
C20:0 0.17+0.01° 0.17+0.01° 0.15£0.01° 0.20+0.01°
Cl16:1n-7  13740.21% 1.18£0.18" 1.50£0.11° 1.28+0.11°
CI8:1n9  16.13+0.68" 12.66£1.05° 14.58+0.72" 13.40+0.28"
C20:1n-9  0.13£0.01° 0.10£0.01° 0.10£0.01° 0.10+0.01°
CI8:2n-6  13.85£0.71° 16.88+0.78° 23.78+0.34" 26.42+0.36"
C20:2n-6  1.6740.08" 1.68+0.24" 1.16£0.37° 1.29+0.10"
C20:3n-6  0.12+0.01  0.14+£0.01  0.15£0.01  0.18+0.01
C20:4n-6  0.09+0.01° 0.07+0.01° 0.04£0.01° 0.07+£0.01°
CI8:3n-3  0.91£0.02" 0.62+0.02° 0.54£0.01° 0.49+0.02°
C20:3n3  1.09£0.08" 1.24+0.24" 1.05£0.37° 1.10+0.10°
C20:4n-3  0.10£0.00° 0.07+0.01° 0.05£0.01° 0.07+0.01°
C20:5n-3  0.18+0.02° 0.16£0.02™ 0.11£0.01° 0.13+0.02"
C22:5n-3 1.05£0.02° 1.5240.02" 1.42+0.01° 1.41+0.02°
C22:6n-3  13.30+0.63" 12.32+0.93° 11.38£0.92° 11.56£0.55°
SFA 26.59+0.81" 26.82+0.66" 25.07+0.25° 24.70+0.78"
MUFA 21.04+1.60° 18.82:+1.32" 18.86+1.35" 17.841.60°
PUFA 16.83+2.11 16.1242.35 17.68+1.18 18.65+1.73

LC-PUFA  16.97£1.93 17.58+2.19 15.35+1.53 16.28+1.37

2n-6 5 B 2E T R4 (P<0.05), {22, ARAF
AR E KT X IR (P<0.05). B B /K4 UKy
AN B T3, WLACL8:3n-3 5 & I PRk 34,
IMEPA. DHAM & & 2K TR s, H
FM154 1 [P JLAEPA. DHAI & BEAK SR KT
X IR ZH (P<0.05).
3 g

AHIE I 45 B 22 B, 755 30% a0k ) J i e el o,
FH oK i 4h Bk B 480, 16.67%. 33.33%. 50%fh
Hr, X b s &y ) A K BB AN DR R FH 2505 T S
RN, AT 0 i 4 i S A R R R S N
BARATEN15% (FM15); 24 K4 Huky B 4833.33%
00y, BIEC A fDRE R I 20% f2083 (FM20), i
iy ) £ (1) AR K R, TR R BRI, R T
FM305FIEZH . 78 2 HiT 458 A X i oH 6 4 6 7F i 2
FKT 4y Bk B AR ok (R 98 R, B B K &) HUR ]
B ARS%—30% A7y, (115 0 7 &)y f i A vk £
K3 R 0 AT P B51.34% Tk #31.5% ", ¥ R
EZET AR RA R RIS %E R RnE. A

FUIL TR, 15 B S K 4 HOR, T B AR TS % R,
7SI B ARk rp FOR PR I 2 T FRAIK 21 10%, 110 AN
ST 5 40 £ A K e SRR g 4l s 2R
AR, N8 2 =i s, 58 TG SR K b m 2
AR A S R, DR DURR S E A Rk R o
B AR "™ FE AT, 7 K4 dUy LS
HACFBACER 2N, FM204L(FE & T kR
T20% 8 8 )0 PH 5 41 € (W) 46 14 5 29 8117.05 g) i)
K e A K FN3.13%/d, 5 2 3T iE 7 AR K M RE i
2 B S 7K 4y RS B AR AL (R A 1A R PR S N5 1.34%
R )N M B 4 €81 (W] 4R 1A .29 2915.90 @) I e AR
K #(3.26%/d) 5, AR T g9l 25 B g AR K
1 e s M 2H (L & TalRE RS 34,8 7% £k ) N firi 4y
(V4R 1R B 29 N 4.90 g)FEE 2 A4 K % (4.06%/d).
A 3 B9 50 PO ) G A LR A BT (15.90—
17.05 g), iz K T Ji& # W 5t Hh W1 46 #4490 g).
A B R /N 11 A R R R R, IX R RT BB JE A AR
Kitemmm R Rz —. B2, WEPR SR, H
LK & Ry Bl B K OB R A BB AR A
20% fh 49 FE il AL K 66.6 7% F 8, 2 5 B0 JH
gyt A K B 5 AR R IX e 5 4
FEW, LE M B 4 £ PR BE A R R SR K &)
W B AR o R (B AR K 1 L9 A R 3 50%), AN
2RI N B ) A KPR R R B IR B AR K1
H, X 0] R 5 K4 Hoky B 5 Mo A Bl ) 2 5
PR B & LT . AR, sS4 wiE
e A P LT Rt 2K A AR
SR, IR R R LR A 4 A A B A B
T U B30 B SR, ot 2 BBk T LA BB 1
HEEREA PRI, BE%AA AR HTE = IR 18
PUE O Z M A PUEER, A48 2ERRAER
15 A% R Tk 3 ep ™, Zedr ™, K
e Rt ot et i (Pel-
teobagrus fulvidraco)” Al Bt Ty 4 (Danio rerio)”"
2 25 T R 11 BB K 4 OB 3 43 B AR K P O
7o, WA BRI AT mARE KR, (H2,
SR &y ok 5 AR AR 1 bU ) 2 A B AR S
Yl 2 W, e A KR AT . A
P KT A E B R LT B AR AR S Ak, HL B K
W 25 AN g 7 R A n-6 28 41 G T R, n-6/n-3 /15 JIii
PR Le B, ML R 7 R 4 AN P 1, AFF & K28
i ARG I R 8 77 7 ok P

Bl M B R )2 53 A T ME S I & i 4 21
H DUIFRE. B RE. BN S ERNES.
ol A e G B P ol 4 2 R M A P S R A e 2
LR, PRAKHE 2 08 5 2 R 45 6 88 70, AT %
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I8 2 B S LA o 25 B TR Bk e R g
T I B AR 5 B3 SRS . AR AN 5
fir o 2 J5 B4 B S AR A 6P, R g R g 2 I I
o1 o 5 i R 1 b R M B, 2 5 IR L A P A R AR
5, T K AR 5 T A R T K 53 4 AR ST
Vo5 A I TT DAK AR 5 PGP PR T R 4T B B 2 . R
PERERRER . 12 T W 19 i A 975 T i E S I AR
PG R R E AR . T R SR R R
HHEA Y. TEARBEF R, BARFM204H 1 2 3
BEMAE R MRS, (AT IR AT I T % & =
Frm T IR, A0 A R . TR Tk W R T P
ZN s I N S e b I A R S 2 W1 R 1 A
TR A 475 1t S5 25 A T e R A, i i b Bz R B 4%
BN B AR RS S A 2 B L, BiE R
JorBE R R . ULJZ IS FE RO ROIR 40 i B 2 R B K T
Sof HEZHL, S Zn FM20ZH i 1] s JF Ik ) R 5 S v 4 v
HHEAEREA Jout B H, H g R Bl — e fE
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REPLACING DIFFERENT PROPORTIONS OF FISHMEAL WITH HERMITIA
ILLUCENS MEAL ON THE GROWTH, HEALTH AND MUSCLE
QUALITY OF MICROPTERUS SALMOIDES

YOU Cui-Hong, LI Hong-Wei, ZHOU Meng, LIN Li, DONG Ye-Wei, TAN Xiao-Hong and HUANG Yan-Hua

(Innovative Institute of Animal Healthy Breeding, College of Animal Sciences and Technology, Zhongkai University of Agriculture
and Engineering, Guangzhou 510222, China)

Abstract: Four diets with isonitrogenous and isolipidic (45% protein and 15% lipid) were prepared. The control group
contained 30% fish meal (FM30), while the other three groups replaced 16.67% (FM25), 33.33% (FM20) and 50%
(FM15) fish meal with black soldier fly (Hermitia illucens) larvae meal respectively. The juvenile largemouth bass
(Micropterus salmoides) was fed four diets in the indoor circulating water system for 8 weeks respectively. This study
aimed to examine the impacts of replacing fish meal with H. illucens larvae meal on the growth performance, health
and muscle quality of M. salmoides. The results showed that there was no significant difference in final body mass,
weight gain rate (WGR), specific growth rate (SGR), and survival rate among the four groups (P>0.05). However, the
FM20 group exhibited a high WGR and SGR and a lowest feed conversion ratio (FCR), which was significantly lower
than that of FM15 and FM25 (P<0.05). Partial replacement of fish meal with H. illucens larvae meal reduced the lipid
content of the whole fish and liver, as well as the serum triglyceride content. Furthermore, it resulted in decreased levels
of C14:0, C16:0, C18:1n-9 and C18:3n-3 in liver and DHA in muscle. Conversely, there was an elevation in C18:0,
DHA, EPA and C22:5n-3 in the liver. These modifications had a marginal effect on amino acid composition in both
muscle and liver. Compared with the control group, the contents of malondialdehyde in foregut and liver of the fish in
FM20 group increased significantly (P<0.05), while the activities of alkaline phosphatase in foregut and serum de-
creased significantly (P<0.05). The intestinal epithelium of the foregut was damaged with impaired intestinal villi and
intestinal fold adhesion, the activities of lipase in foregut and the contents of crude lipid in muscle and crude protein in
whole fish were the highest, accompanied with the highest DHA in liver of FM20 group. The above results revealed
that the largemouth bass M. salmoides had an ability of endogenous highly unsaturated fatty acid (HUFA) biosynthesis.
It is suggested that a 50% replacement of fish meal with H. illucens larvaec meal (FM15) can be undertaken, with a
minimum addition of 15% fish meal in diets of M. salmoides, which has no negative effects on the growth performance.
However, the most suitable level is 33.33% replacement of fish meal. This study provides data for the development of
nutritionally scientific and reasonable composition and low cost feed for M. salmoides.

Key words: Fish meal replacement; Growth performance; Fatty acid; Hermitia illucens; Micropterus salmoides
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