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it ® Rkam' A2%K' w F° ox &' 2 £' #Hem!
(1. P EKREERF S BEER VLA BRI RO AR FR AT A A7 BRI A SR E R s R
PACIR IR, TREF RS SR 74 oM 5103805 2. WRGIMIE Kop/kr=24be  WES B g 453007)

D IR & B v W AT (Euphausia superba) ¥y % R, f 8 3t 45 82 (Cyprinus carpio L) £ K | K&
FofL i A LA AT I, DAAT A R B A (4.92+0.22) g tY AR 4R 450 B oA Liext &, MK S 4,
FBHREINEL, BNEL 30 Be, EAD KK ES NG RATR, SHhA5mmER
BX W (Enterococcus faecalis) . 14 FLAF ® (Lactobacillus plantarum) . T B 1% # (Clostridium butyricum)
MEEHE 1 DRENBEERETY, 204 %% ES (T# 4]). EF. LP. CB 1 MIX, ##
BATH A mE R Ny 200 gkg, ERET0d, FREW, SHEAML, KEESHTRERER
DEREGTVHENARKTE., FEAKFMEEEP<0.05), MIX AL RERE., FEEKE
Ao E R D EE T H ML (P<0.05), LI 4L Ik Ak i B K ¥ D R4 E B F B (P<0.05), LLE(a*)
i, EaG)EUK tyr 72K ks i xt k3 B B F 8/ 5 (P<0.05), MIX 44 a*ff ., b*{Hfn
F AR k5B B EE T HMAP<0.05), SEh4 ik ik = BTG M A EB(TC) e BN R ERE
(P<0.05), & 34 & B/ 4 7 % 2 B (AST/ALT) B Fn § — B (MDA) & & &% T [£(P<0.05), % 8 4147
B2 RF 20 e IR A S AR R R, AR AR R Ak 20% e dR s R, A
BT R T AT R B A BUIR B R T W RO A s L B

KR KEEEWBIT N, M8, £K; e, hFE R XEXE

FESES S963  NHEFRAEE A XEHES  2095-9869(2023)05-0080-10
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ARz —, IR 2%, KRR, A kP E PP E PRBANIFE R, 8iE IR EA
A7 CSUHK SR ZFR, FE 0 AR SR IS RE @R, MWME B i, HRE 6
PR €81 2 TR B UL B (B RN B (B R 2E R TR doe L 1A RS LB A AR 5 Y 3R AR (PN X UE 55,
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2016), JIT LAFF i ) o B IO 5 AR (L i 7oK

R K7 DR SR AR R, AR A K
PR FRFE O Y K Je LA K A R A0 R 7 i L, faky AR
FREe BT}, SHOPT AL B AR IR AR 1 IF 5 A
Mo MYE B RS Ak RO R N 2 —, HiAi
I RGER . FEN . AEEAMEREAETE
IS BT, (E AR AR DR 3 A A
PEZE | AR S A PUE R SR, B R
MU RAL . BEIRR 9% (2 UL AF, 2022) . B BR @R AR
(Euphausia superba) Wit mBE RHEREE, H
DRy (LA o7 PR R ) 2 1 P A0l A~ fon T g
B — R PL BT IR, WA R | BRIR R s
TR , i PR BN EPUE IR T, AEK ) iR
IO A W (A S 5, 2023) AR BT T I 5T
ESE T BB R A Q0 o3 08 T 4 o S Y A PR B
BOCERE  RAE A F8 b, HEFRETE AR S
500 g/kg HOERERTERLRENIN 20% A0 B iEmE Ry (R 2 2
5, 2021)0 ENRBEAFAY S BURIIIG 174, A AEREAR
INLAFIAMERR Y, SARZHLT BURS, HdEtgA
SRR AR FE T (K ousoulaki ef al, 2013), HnaffE—
AR R TE A PR A S SO AR AR R

WUEY A T 2T LIS Ry 7 A B AL o
B WM /Ny TR H 2 IR E RS, R A
ML A XU 0, 1 il PR RS SR, A ML T
DIOETH AT , 45 S DRk R T, A 48 TR AE T 1 Y
(9 5 A8 AT LAAERR 1 3 18 R RSE L HIRAE S S A
Y, PRy B AR, AN, A R L T DA
HR A B BT R ALTE R (2 SR AE, 2022; T A AF,
2022), HHI, ARk A R R R ARG g A A FLIR T
(lactic acid bacteria, LAB). ZFAUFT I (Bacillus)
FEWE (Saccharomyces), FEHR—FM, EHHEFTLL
S IR 22 TR ] 1) B AR DT VR AN B — B A AN 2, S
PER SR (IE2 A 4, 2022), ASHFST L6 36 0 2K R
(Enterococcus faecalis) . 18 9 3L #T Wi (Lactobacillus
plantarum) . T TR W (Clostridium butyricum)V B =3
AT 1 DXBEERRSE T & T, o s AF TR Ak 1
YR 55 A A R R A A [ 4 A= T i R R T
B— A A 25 A B R R I X R A A K L R
I35 A AGHE AR LA AR OCHE R B R 52, LI Sy i A
oy DR o SR i SO A SR A2 AR

1 HR5HE

it A2 B R P R KRR T B K il 5
H AR EE, SR ERIATE A= 10° CFU/g . fHYZLFF I

I =10°CFU/g. T MG FE=10°CFU/g, &
AT HE=10° CFU/g.
1.1 EEERBRGE &

AR e A s R A O 2 BRI, W 25 A R A T
1 LRk, IR 254 BEOR 2 A% 5 A R A A A &
PR IR SY AR A1 TR I 21 & B IS e
BRIT RS KR 30%, 25, BHRA BRI 2 5,
RIEMRBEEN 30 °C, KEERTE R 14 d, FFEETEE R
B4 d AR XTIRA . 2Bk . HYFLT
WAl TIRBRWEAME AW, 72ich ES, EF. LP,
CB il MIX. KNS R BRERA E IR W 1,

R1 RENEERBTHEFRKE

Tab.l1 Nutrient levels of Antarctic krill meal
before and after fermentation/%

I H ZH 51| Groups

Items ES EF LP CB MIX
HMIZE i Crude protein =~ 59.05 61.80 62.92 60.57 61.98
HLIE S Crude lipid 12.38 12.45 12.85 13.66 12.97
HLK 43 Ash 17.12 16.33 16.45 17.26 17.48

A 4E Crude fiber 6.23 6.07 6.11 598 5.76

1.2 SRIgfA#

DLtk . /NAE Ry R E AR EROE H M
SRR A D), KGRy 32 BN B R G LRk DR
JEUREZH R R SR Ay W 2. B sk R 80 H
i, MRIEERIE Y, SRAZHY RIERAGE, IAK
I B R IR K IR A AT, SR BERT R LI T
BEAAN 2.5 mm WREBOREDR, BRKTEE T
20 CUkFEIRAE o

1.3 FTWEEFEEIE

TR S5 7E H R KRR 2R I 5 BE R VLK 7= 0 5T
FITLEE L FE b N HEAT o IF FRAE S5 AR, H B i
BCE T 5.0 mx2.0 mx1.5 m Ak R R 3R 14 d, &
FEIA A LR R BT RS RS, BEBCE A5
H(4.92+0.22) g, fERFEIGIRAEREE 450 B, K cyhfa
BEML R S 4, B 3ANEE, B0EKE 30 Bfa, 4
FNFRFAE 15 4 100 cmx60 cmx30 cm /K L, 52
], A HARE I 2 ¥R(08:00 1 14:00), /KiEH
(27+1) C, pH K 7.6~7.8, WA GH =T mg/L, &
JAHRBESOK 3 R, Bk eFOKER 1/3, FRE )
AR 70 d, PREFASEB 72

14 HRFE
FRPESCR IR TS o] i, S fa g AR & 24 h,
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Tab.2 Composition and nutrient levels of experimental diets (air-dry basis, g/kg)

Jr 21 5] Groups
Ingredients ES EF LP CB MIX
£} Fish meal 300 300 300 300 300
M1 Soybean meal 159 159 159 159 159
/NZZ ¥y Wheat flour 220 220 220 220 220
=i Soybean oil 50 50 50 50 50
Wil — 245 Ca(H,PO,), 20 20 20 20 20
JEFE 240 Sodium humate 5 5 5 5 5
12 iE % Spirulina 20 20 20 20 20
SZALAEHH Choline chloride 4 4 4 4 4
4k Z IR A Vitamin premix’ 10 10 10 10 10
W) G R R Mineral premix? 10 10 10 10 10
HRF5 & Astaxanthin 1 1 1 1 1
PrEALF Antioxidant 1 1 1 1 1
Wi NEWEIT 4 Defatted krill meal 200 200 200 200 200
41 Total 1 000 1 000 1 000 1 000 1 000
B 327K F Nutrient levels/%
HMLEE 3T Crude protein 46.86 48.95 47.09 47.31 49.36
HMLIE S Crude lipid 6.58 6.61 6.73 6.57 6.50
K4y Ash 8.54 8.54 8.51 8.61 8.59

TE: 1 4 X PR R 500 g #24E:

e A 1100000 U, 4E4E% D; 320 000 IU, MHBR 7.8 g, 4i/E R E2.5g, 4

HEB g, EYWE 8mg, gl EB,2g, 4K Bs 1l g, MR 400 mg, 4i/EE By, 125 mg, 4% C 18 g, RKEHHET 1 g,
Bl 11%, BHE4.5%, HEMR 400 mg, Kir<10%; 2. P BiRE G Twiedtnt 40 g, ¥ 7 g, 200 mg, ¥ 3 g,

2g, BE25g, ML30mg, 4 10g, fli 10 mg, ZRAE ML,

Note: 1. The vitamin premix provided the following per 500 g of the diet: Vitamin A 1 100 000 IU, vitamin D; 320 000 IU,
nicotinic acid 7.8 g, vitamin E 2.5 g, vitamin B; 1 g, biotin 8 mg, vitamin B, 2 g, vitamin B¢ 1 g, folic acid 400 mg, vitamin B,
125 mg, vitamin C 18 g, xylanase 1 g, K 1.1%, NaCl 4.5%, methionine 400 mg, moisture< 10%. 2. Contained the following per
kg of mineral premix: P 40 g, Fe 7 g, Cu 200 mg, Zn 3 g, Mn 2 g, Mg 25 g, 1 30 mg, Co 10 g, Se 10 mg, the carrier was zeolite meal.

MR RS, JF TR 1. 35, 70 REEEAD
R ARG 6 FEfa, {25 71 & 52 00 fa 1 fE T
T3 B MLk b Ty 22 1] AR S 20 €2 DX 3l 14 €0 B A1, S92 56 30
[AFFLLIC AT Bt . SN RS, B ELH
BEHLE 6 &t A M 4 120 mg/L [ MS-222 iF i h
PEAT ORI , it — W T TR 1 S e DA A K L
4 CH'E 6 h J5E.0(4 000 r/min, 15 min, 4 C), H
W, —80 CARAE I T IS A AL T bn I 2 5 2,
SrHIIZY 0.05 g 5 R BT 2880 b 2 & R
5 5 i) BT R 5 A U A R i P 3000 P L A
R AEAEE RN 2 A, WO AR ik i
T RNAlater %, f/-A7F T-80 C, JFZL/H T RNA
UL, WU LUD YR, TAH 4%Z RPN
OEN, TR, F R

1.5 #EHRIE

151 A Kpaen e 57l NI /= Wi - RS
FREA KR WER | RIER . BWE . AR A

BEAR LG, HEALT .

¥ 8 4 K K (specific growth rate, SGR, %/d)
=100x (InW~InWy)/t;

14 B ¥ (weight gain rate, WGR, %)=100x(W
Wo)/Wos

A% K (survival rate, SR, %)=100 x i 1% B/ 5
AL

JIE 335 £ (condition factor, CF)=100xW,/L*;

JFAA L (hepatosomatic ratio, HST, %)=100x i &L
H(g)/ LR ik (g);

JIEAA L (viscerosomatic ratio, VSI, %)=100x P i
A i (g)/ 52 50 £ 1A o (g)
Krf, W BB APIRIARTE(g), W, TR MmAR
TR (), t AL REN(d), L ML a A K (cm).
152 &EAaM M KT B BB 22 51 2% CIE
B L*, a*, p*FREEIRE, L* (luminnance,
FIRFLE) ., a* (redness, +a*FTRMLE, —a LRI
Zx{0). b* (yellowness, +b*F Mt (t, —b*FRnNIW
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W) (BREAE, 2011), BAEE AL 6 B, fiff
JiI CR-400 B2 (223 (M JE R -3Lhkik, HA)ME
SEESAARERAY L* . a* A0 bME, F T AR AL,
FHW K 40 T iR R K5, Bl A2 T3 R
W fr AR Ty SN2k b7 2L X R, 4 ITic %
5% g8
153 (#¥¥ MEewenle KHE MR
ORI 5 J5 iS5 AR (201 Jr ik, TR A=
T S=(AXKxV)/(EXG)
K, SHEHE MRS (mg/ke); 4 WG,
K i 8(10 000); V M ERIBGRAF(mL); E L&
%2 500); G MFERL R ().
154 o F A I AR T it 3 H Il = g
(triglyceride, TG)FI & AH[E B (total cholesterol, TC)&
5, A H % 88 (glutamic oxaloacetic transaminase,
AST) F1 %5 N ¥% % Iif§ (glutamic-pyruvic transaminase,
ALT)i&EE . 5 % (malondialdehyde, MDA) &+ (1]
FEF R et AR W TR 5 iR & I
155 JFiEdn A #l& 5L FPIEAHZUEEN 2 4%
ZRWBEEE S, ATk, B 2. i, 4
YR (RN 5 um), HE 30, PRt 554
BRJE, B O RAETT WE I,
156 ABEAL K RNA RS B 5
Rz BRAE i RNA B9 U S B Omega 147 & 1 B 45 0F
17, BEBEWEEE RS UK MR B {25 RNA SEH
AR, S sl T SE B 5 A= W A W) AR 7 Evo
M-MLV [ seilfl & 817, K151 cDNA FEE T
—20 CHRFF, HIT PCRYIH,

SR Bt PCR (RT-qPCR) A6 1 1% 424 R il

(tyrosinase, tyr)JE BUAXTRIEE, MY GenBank H

WA BB R <7 P51, {f ] Primer Premier 5 %K

FITBIER 3), TSI MRAEY R AS

FRAEIS M. B4 4H cDNA A#iHiEfT RT-qPCR §”

1, L) B-actin NS, K] 2 22 LB FE D HI R k4
x3 EIMEHAEE PCRIIMFT

Tab.3 Primer sequences of real-time fluorescence
quantification PCR

514 B9 75 (5'~3")

Primers Primer sequences (5'~3")
pB-actin-F TGCAAAGCCGGATTCGCTGG
B-actin-R AGTTGGTGACAATACCGTGC
tyr-F GCCCGTCCTCGGTGTTCTCC
tyr-R GGTTTGGGTCGTGGTTTCCT

1.6 HBFELESHHT

S0 B O B {E A5 U 25 (MeantSD) R, il
Ffl SPSS Statistics 21.0 /4% B4 247 5. K K T 2243
Br(one-way ANOVA), #5225 .3, MR Tukey #
TrE i, BEMNKFEHR 0.05,

2 H#HR

21 HEERREBHIER 2N REERIEENZID

M 4 T, SXTREAIA b, 45 SCa0 4l i 2R 1K
J e | R AR R R R I S R R (P<0.05), Hirp,
MIX AR R R A K Y R g 2 & T
EF, LP fil CB ZH(P<0.05); S IGRILL EER
(P>0.05), SCUGLHARERALTE R | AR L AIEAR e T
XTHRAH, RIAF I 25 (P>0.05),

R4 REFERBTEHERENIREEE KRNI

Tab.4 Effects of replacing fish meal with fermented Antarctic krill meal on growth performance of koi carp

I H 211l Groups

Items ES EF LP CB MIX
VIR R IBW/g 4.33+0.22 4.90+0.28 5.01+0.19 4.88+0.13 4.92+0.28
LANRF R FBW/g 49.56+1.79° 57.47+1.48° 58.20+1.50" 59.67+1.52° 63.15+1.85°
i 4 K F SGR/(%d) 2.43+0.14° 2.85+0.20° 2.83+0.18° 2.90+0.24° 3.14+0.15°
TR WGR/Y% 341.25+1.25° 384.65+1.24° 377.7+1.79° 385.56+1.45° 398.75+1.58"
JE % SR/Y% 98.23+1.04 97.26+1.07 98.87+1.16 97.56+1.84 98.75+2.01
AE5 B CF 1.49+0.05 1.60+0.02 1.5240.03 1.64+0.04 1.61+0.03
JFAH HSI/% 1.16+0.03 1.20+0.04 1.24+0.02 1.22+0.03 1.21£0.03
A VST/% 5.86+0.09 6.17+0.14 5.93+0.19 6.02+0.12 6.04+0.08

T TR R b TR AR R R 2 57 W35 (P<0.05), FHREAAR] SO0 7 8 28 22 57 A 35 (P>0.05). PR,
Note: Values in the same row with different superscripts are significantly different (P<0.05), values in the same row with the
same or no superscripts are not significantly different (P>0.05). The same below.
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22 KEFFERBIIMEREMIHEE AN

2 s nJLLAEW, 1 R, &40 L*, a*H
bHE TG 325 5(P>0.05); 55 35 Ki, £4iH L*H
T3 22 5(P>0.05), SCE 2 a*(E AN b*(E 5 5 T4
M2 (P<0.05), #5350 41 W] UG i 35 2% 5+(P>0.05); 4
70 KEF, fdliE LETG R %25 (P>0.05), LKA

aEA b*(EH 2 = TR IR 41(P<0.05), Hidr, MIX
I a*(EHF b* A 2 T H AL (P<0.05).

H P 1 AT, S L 0 R R RN SR
H R S TR (P<0.05), MIX 41 # 8 Kz ik
MR MEHE NEEEYE ES T LM
(P<0.05), B MIX 414h, #LEAH TR EES

(P>0.05).

®5 KREBERBTHELEMIIIREMERR L, a*fl b*

Tab.5 Effects of replacing fish meal with Antarctic krill meal on L*, a*, and b* values of koi carp

B

NEE 2 S5 Al 2051 Groups
Body color Culture time/d ES EF LP CB MIX
indexes
L* 1 56.11+1.06 58.77+0.90 54.08+1.08 60.59+0.64 56.97+0.96
35 50.05+1.02 47.95+0.91 51.88+1.73 48.65+1.02 51.35+1.59
70 54.05+1.39 50.34+1.22 52.22+1.09 51.43+1.43 53.13+1.68
a* 1 16.91+0.79 15.31+0.92 17.040.56 17.84+0.67 18.87+0.76
35 17.54+0.73° 17.83+0.71° 18.84+0.98° 18.75+1.03° 20.39+0.72%
70 21.72+1.04° 25.63+1.82° 25.43+1.80° 24.67+1.36° 28.69+1.05%
b* 1 32.4441.27 33.70+1.75 35.74+1.68 33.58+1.58 34.55+1.27
35 35.88+1.65° 38.64+1.95 39.1241.95% 37.04+1.94° 39.58+1.29%
70 39.59+1.29° 46.91+1.64° 46.59+1.54° 47.11+1.30° 49.95+1.44°
150 -
_ C—IES 23 XREEHRBINHEREMITEEMFENLISIR
B 3 EF ,
) S LP AN
”ﬁg 100 - CCD0 CB
4% 5 w2221 MIX R 6 AJZn, FHELXTRRZE, SCERdinyE TG Al
g e iy e S e
g 3 TC &8 B (P<0.05); IM7E AST/ALT HAH 3
28 Or WEIR(P<0.05); 1ML MDA % it 8 25 FE{I5(P<0.05). L)
§ T ARAR A S IR AL R34 G 25 7 (P>0.05)
0 24 XREERBIIHEREMTREETAFASR
A Tissue i 2 B FREDD R o] UL, 45 L FREZH U1 /N4
BT o T R Bl O A A T i ok A JETE BB, T4 M HE S R S, X FE L S 4 400 i

% R R SR R
Fig.1 Effects of replacing fish meal with
Antarctic krill meal on carotenoid content in
skin and scale of koi carp

I BUIR T , A A BRI BT I, B A w2
R AT R AR A L G, BB AR, (B
JFER AR SR S5 A TS SR S 2

* 6 HEEEREEAR G E R &N X IR 6 I 7E £ L IRRE R T

Tab.6  Effects of replacing fish meal with Antarctic krill meal on serum biochemical indexes of koi carp

415 Groups

JlIRTRER =g 7
Serum biochemical indexes ES EF LP CB MIX
H i =g TG/(mmol/L) 3.45+0.19° 4.03+0.24° 4.10+0.16° 4.15+0.14° 4.56+0.09°
S HFEEE TC/(mmol/L) 0.90+0.03° 1.75+0.07° 1.68+0.04° 1.77+0.05° 1.73+0.04°
B R /AR N % 2 i AST/ALT 6.25+0.34° 2.05+0.28" 2.06+0.22° 2.84+0.3° 2.38+0.36"
7§ — % MDA/(mmol/mL) 6.03+£0.22° 5.48+0.88° 5.07+£0.71° 5.11£0.34° 4.97+0.22°
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JIEZ 2

R

Fig.2 Effects of replacing fish meal with Antarctic krill meal on liver tissue of koi carp

A. B: ES4; C. D: EF4; E. F: LP4; G, H: CB4; 1. J: MIX 4;
CV: ks N: Zf; NM: %W ; vD: ZSiaste; LD: J&ik.
A, B: ES group; C, D: EF group; E, F: LP group; G, H: CB group; I, J: MIX group; CV: Central veins; N: Nucleus;
NM: Nucleus migration; VD: Vacuolar degeneration; LD: Lipid droplets.

25 REFERBNNERENITRERXERRIE

=&

HIE 3 afLIEL, SXHRAML, pr KR H
iR Rz JER A B b R G 0k i i R i (P<0.05), H:
Hh MIX 2 AR R ik i 2 = T HAth 4 (P<0.05)

3 iFig
31 BAEFABERBIIHMERAMXTREEKYE
BEHY R0

ABESEH, S SR A AR IR R | RRE A K

B RAH LR IR R, AR S B A
fti (Epinephelus moara®Q x E. lanceolatus3 (2= B BE 5,
2022). @B AEM(GIFT O. niloticus)(E L, 2017)
75§ (Pelteobagrus fulvidraco)( X1 %%, 2022)f
R LS R —5, KB T 20T LR fR Ko T E R,
T W e T B 7 AR A ML A XU 4 I3 v LA i
Tl pDRE A TR A A L IR S M g AR A
HEA I8 e A B T4 i i R AR E | R miE
e, AP RBT R Re = A i & A A A K
K45, #2425 EA 0 8 1 R 4 o 55 X AILAAR
AR LR (R T, 2017)0 MEWEE . KL AN
JUE A L 2 i A R TR AR SR AR S 8k, NS B F5 4 T



86 ook B

5 44 4

N
1

a C—1ES
=1 EF
——LP
o1o CB
MIX

w
T

[\
T

yr AN ik R

Relative expression level of tyr

—
T

(=]

r % Scale
2421 Tissue
3 I pi Al AR R AL R X 4 £
B JRANGE R gy AHX 3K 1 5 R
Fig.3 Effects of replacing fish meal with

Antarctic krill meal on the relative expression level of
tyr in the skin and scales of koi carp

SR ARG DR RS, 45 9250 L AT 25
T R, B SO A AR ORI A (R IE R,
2022),

32 MEBABEMBINEREHNIBEEEHN
A1)

R Y H RIS N RWIER L, &
LA IR, AT BN AR ART, ISR EA
BRI R DURRE T, DU 028 1 Je PRk R 7 25 40
SR B H 0 (R B B AL(E A 45, 2015)0 AT
M2 S N2, URE REA D GBI, Bk
TEAFEENINER, BB L2 LIEAINE R
PE, #REIRE ZOFHRER L5, 2021), 7R
e S e 1 L B Y, L (AR A 2% T 2 1 i
TR, a*HA pHE B R A R
ARG, SCI AR R R (BRI b(E DA e Bz K 6%
RS N RS EY B ER S, B4R AR
TRy b 36 Al Aoy o) it B £ ) B FHVE R 3 .
I O& T 25 A2 W A TR XK = shi ik ik 58 450
fif FH B BE BRORN ZF 96 FT TR A& I ) ORE £ W R 4 fa
(Carassius auratus red var))5 , 54 1) L*F1 a* DL g 4%
NS RO R E R RS, 2021), K
o5 A B R R AT DL R R 4 A AR

e e oW SR 2 e 1106 A | 5 N = P
ZEMAIEMEm ARMEYEL S0k, or 28
028 A G B () SRR I R, TESR R (0 B AT
BrI e, LA 5 5 i PR (0 3 A pl ) o R AR
EHAHL A FRIB(HEFE, 2017). HFREH, or
TEAE (6 XU N £ (Amphilophus  citrinellus) i % & )
BB B AT ik, H AR B R MY B R i e 1
Pkt A G AIERY, 2016)0 E#15F(2012)

FESRERI BRI R B, tyr JH DR 7 BRI F0PR €5 K ik
Rkt e, HUCERM . L06RRFE @R, &
KRR P ERLOE . ABFFRER LR, or 18
Bk ki T8, B Rk
XA . AT, R i A T A
BS80S ) (R B — 5 AR I, P R
RRCR AT

33 mAERAEBEREBIRGNEREBTHEEnEE
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Effects of Fish Meal Replacement with Fermented Antarctic Krill
Meal on Growth Performance, Body Color and Serum Biochemical
Indexes of Koi Carp (CyprinuscarpiolL.)

FU Hao'?, SONG Hongmei'”, MU Xidong', TIAN Xue? LIU Chao', LIU Yi', YANG Yexin'

(1. Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of Tropical
and Subtropical Fishery Resource Application and Cultivation, Ministry of Agriculture and Rural Affairs;
Guangdong Modern Leisure Fishery Engineering Research Center, Guangzhou 510380, China;

2. College of Fisheries, Henan Normal University, Xinxiang 453007, China)

Abstract To investigate the effects of replacing fish meal with fermented Antarctic krill meal on
growth performance, body color, and serum biochemical indexes of koi carp, 450 koi carp with an average
body weight of (4.92+0.22) g were randomly divided into five groups with three replicates per group and
30 fish per replicate. In the control group, we added unfermented defatted Antarctic krill meal, and in the
experimental groups, we added defatted Antarctic krill meal fermented by Enterococcus faecalis,
Lactobacillus plantarum, Clostridium butyricum, and compound bacteria (1:1:1), which were termed as
ES (control group), EF, LP, CB, and MIX, respectively. The addition amount of Antarctic krill meal in
each group was 200 g/kg, and the experiment lasted for 70 days. The results showed the following:
Compared with those in the control group, the replacement of fish meal with fermented Antarctic krill
meal significantly improved final body weight (FBW), weight gain rate (WGR), and specific growth rate
(SGR) (P<0.05); additionally, the FBW, WGR, and SGR of the MIX group were significantly higher than
those in other groups (P<0.05). The carotenoid content in the skin and scales of the experimental group
was significantly increased (P<0.05); the red (¢*) and yellow (b*) value, and relative expression of #yr in
the skin and scales were significantly increased (P<0.05); and the a* and b* values and the relative
expression of the #yr gene in the MIX group were significantly higher than those in other groups (P<0.05).
The contents of serum triglyceride (TG) and total cholesterol (TC) in the experimental group were
significantly increased (P<0.05), whereas the ratio of glutamic oxalate transaminase/alanine transaminase
(AST/ALT) and the content of malondialdehyde (MDA) were significantly decreased (P<0.05). The liver
cells of the control group showed lipid droplets and vacuolar degeneration. No significant difference was
observed in each index among the EF, LP, and CB groups (P>0.05). Based on the above results, using
complex bacteria to ferment krill meal in the koi carp feed is recommended with a 20% addition level of
defatted krill meal, which can effectively improve the absorption and conversion utilization rate of krill
meal.

Key words Fermented Antarctic krill meal; Koi carp; Growth; Body color; Serum biochemical
indexes; Gene expression
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