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W DA IATE N (3.86+0.23) g (KB EIJefifk(Paramisgurnus dabryanus) g it %4, #1571 15| (Eisenia foetida)
MR AR AR . LA A Tebs K s tERe i m . DL o Ak Jo o B2, FHMm MR B8 25% .
50%. 75%. 100% Ay Be il 5 AR S Re iR, 22 A i T 10 MRy . 50 R, R0k s a5 Ky
AR B T R B ) ) A7 A R, BEE BT T, AR R, B E R TR (P<0.05), MENEEE .
R LB AR (P<0.05) o 45 ZH ARG A LY . 4 52 A 4 R B T B 35 Pk 22 525 75% A1 100% 851 C 4L L PR RELIR 105 7% 2t Wl 25 g 1 %) R
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22 5:(P>0.05) WFAE R, AL LAET, e B0k AT 85324 (22%) DR 0By 17 AN 52 Wi 35 A1 e S8k v A 4 RAE s, HL
REFRE o R UL By, 7 R 97 JFF R FOE 452 4% st 44k, {HL 8 8 AR T 0 S B M B (P<0.05) .
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AT H O, SE4Ae S TN A8 Tolk b4 5=, &1 ARECHERREFKET £

V< S VS 1 8 G s DA 3 £ 5= A P
BORER ., BER . HERSLTEELR, X
ST HA 1 PRARMEAR e T, i SR 7 DR A
BEHAS 2, TCE R s, KA 5™,

K f5 B )8 itk (Paramisgurnus  dabryanus) J fi
J¥ H (Cypriniformes), #f £} (Cobtidae), &l ¢ J&
(Parmisgurnus), 1A FK B M, Je— /N £ 2500
KR U SR AT IS N R A B E IR
(B Repms fyom ! VA R SR A
TP 2 2 > —10)

AW LA K i 1) e B0k CA BF 58 % 52, B9 e 15
(Eisenia fetida)fy B A AL b Ao i A L LA
W MLTE A AL A8 b A e e BE A 52 ), TTAl i
) 49 R AR ARy B ] AT R G EAR R K, LA
Sy e WA FE 7K 7 AR 8 1 FH AR R 2R AR B

1 HESHE

1.1 RIEH

PIGA. fk o BB R, SRk £
BRI, BeHMHE AT &R 36.22%, HARHI & &
R 4.79% P FERIAR R FE LA b, i B0k 43 5
BRI 0%, 25%. 50%. 75%. 100%[H
Ry, FCHIR 5 ARSI R, AR
WHAH, B4l, C4l. D4, E 4, AREH K&
IR M ILE 1, k) MRy K 4% iRk SRR
R ILF 2. FRHECRUR AR T 80 H it i, 4% b
PR R M B IR 21 )5, B8 RS,
BRI MR, 0 A — XE b B Y S RE I R 288 K,
R B M (2.540.2) em [RIBRIE TR
12 RAFEBESHEMRE

FRFE ARG TE VU )1 Ak K 2E S PR 2 e K =
Fr 0 I T R o £ ph O )1 Al K2R A Ay
Bleg i R 2= B0 se % A 37 H Z s, I A T,
RISt FE KR R TR 1, BEHUABRECH: . B
& LS 1 % ) e 6k 4 £ [7] 4 140 . (3.86+0.23) g,
BEMLECIRAE 15 PR (K> P8 < H=80 cmx80 cmx
40 cm), PIFEEHETEIMA KT H (K < 58 x &=
280 cmx150 cmx150 cm, 7K¥K 130 cm &£ 4), &>
W% 26 J&, HEFhERHREHLE R 3 AN A . BRI

Tab.1 Composition and levelsof nutrition of the5

experimental diets (air dry basis) %
JUk il group

ingredient A B C D E
fgﬂfo; meal! 0 725 145 2175 29
4  ? fishmeal® 29 21.75 145 725 0
51 ¥ soybean meal® 30 30 30 30 30
/N Y wheat? 5 5 5 5 5
%k ® wheat bran® 6 6 6 6 6
3K 9 rapeseed meal® 4 4 4 4 4
KA colza oil 2 2 2 2 2
Tk 7 corn” 18 18 18 18 18
Ca(H,PO,), 1.5 1.5 1.5 1.5 1.5
IR Al ® premix® 3 3 3 3 3
#4757 ¥ adhesive” 1 1 1 1 1
B NaCl 0.5 0.5 0.5 0.5 0.5
A3 total 100 100 100 100 100

EFEIKF- nutrition level

M [ crude protein - 36.216 36.208 36.101 35.557 35.011

KB crude fat 486 484 486 490 491
MK 4> crude ash 5.902 5.862 5.827 5.806 5.784
7K ¥ moisture 11.15 935 800 630 528
S total calcium 1.539 1518 1.502 1.528 1.569

S5 total phosphorus 1.343 1352 1.389 1.402 1.436

HEE /M kg™
gross energy'”
W) K. HIEE 65.50%, HUIENT 12.68%; 2) ¥
HLEE T 66.70%, HLIRNT 8.12%; 3)5A1: MM 45.52%, Hl
Reli 1.39%; 4) /N FEE 16.33%, HAEN 1.64%; 5) %
#k: HLEE 1 12.40%, HLIEDI 1.03%; 6) M1 : #E I 36.52%,
HLIEHT 11.83%; 7) £k HEH 8.5%, MW 3.4%; 8)
T BUR AL A4 . VA 400000 TU, VD 50000 IU, VC 750 mg,
VE 200 mg, VB; 15 mg, VB, 75 mg, VB¢ 22 mg, VK3 65 mg,
JHER 76 mg, 72 25350 mg, A4 &K 550 mg, HLEE 100 mg, Fe
156 mg, Cu 2.6 mg, Zn 70 mg, Mn 17 mg, Mg 300 mg, Co 0.2 mg,
10.25 mg, Se 0.3 mg; 9) F&Hl: Tk 10) SRENITAA.
Note: 1) earthworm meal: crude protein 65.50%, crude fat
12.68%; 2) fishmeal: crude protein 66.70%, crude fat 8.12%;
3) soybean meal: crude protein 45.52%, crude fat 1.39%; 4)
wheat: crude protein 16.33%, crude fat 1.64%; 5) wheat bran:
crude protein 12.40%, crude fat 1.03%; 6) rapeseed meal: crude
protein 36.52%, crude fat 11.83%; 7) corn: crude protein 8.5%,
crude fat 3.4%; 8) this premix in per kg diets supports compo-
sitions: VA 400000 IU, VD 50000 IU, VC 750 mg, VE 200 mg,
VB, 15 mg, VB, 75 mg, VB¢ 22 mg, VK; 65 mg, Niacin 76 mg,
calcium pantothenate 350 mg, biotin 550 mg, inositol 100 mg,
Fe 156 mg, Cu 2.6 mg, Zn 70 mg, Mn 17 mg, Mg 300 mg, Co
0.2 mg, I 0.25 mg, Se 0.3 mg; 9) adhesive: starch; 10) gross
energy is a calculated value.

13.69 13.66 13.63 13.62 13.59
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Tab.2 Composition of amino acid in earthworm meal, fishmeal and trial diets”

n=3; X+SD;%
IR ) k) 415 group
amino acid earthworm meal fishmeal A B C D E
WHESLRR EAAY
KN %M. Phe 4.40+0.03 4.30+0.03 4.6240.04  4.46+0.02  5.51+0.03  5.83+0.04  6.20+0.03
AR Lys 5.50+0.07 5.02+0.06 6.01£0.05  5.90+0.08  6.51£0.08  6.67£0.05  7.01+0.04
&R His 3.36+0.03 2.05+0.02 2.16£0.02  2.45+0.03  3.0240.03  3.58+0.03  3.96+0.04
AR Arg 8.01+0.05 5.58+0.02 6.1240.04  6.50+0.05  6.95+0.04  7.33+0.06  7.87+0.06
IR AR Thr 1.020.02 2.01+0.02 24140.03  2.55+0.03  2.50+0.03  2.58+0.02  2.56+0.03
R AR Val 4.00+0.01 3.81+0.02 3.2040.02  4.10+0.03  4.3130.02  4.51+0.03  4.67+0.03
R Met 0.82+0.02 2.80+0.02 3.20£0.01  2.83+0.02  2.24+0.03  1.87+0.02  1.02+0.02
S 1le 4.80+0.04 3.21+0.03 3.51£0.04  3.05+0.02  3.59+0.03  3.68+£0.04  3.79+0.03
2R Leu 6.71+0.06 5.01+0.04 4.91+0.04  5.79+0.05  6.56+0.06  7.12+0.05  7.56+0.04
JE T R NEAAY
RITAZM Asp 10.68+0.27 10.54+0.22 8.97+0.25  9.65+0.21 12.00£0.19 14.16+0.26 16.66+0.28
2258 Ser 4.03+0.05 2.40+0.02 3.20£0.02  3.07+0.03  3.26+0.04  3.18+0.03  3.81+0.04
BHE M Glu 11.80+0.32 12.03+0.11 11.9240.24  13.00£0.36 13.11+0.30  13.19+0.34  13.40+0.36
i %R Pro 2.560.04 2.09+0.02 2.56£0.07  2.36+0.05  2.18+0.03  2.10£0.02  2.00+0.01
H&R Gly 0.85+0.01 3.05+0.02 3.0240.04  2.61£0.03  2.91+0.04  2.88+£0.04  3.10+0.04
AR Ala 3.50+0.03 3.00+0.02 3.31£0.04  3.56+0.03  3.80+0.07  3.72+£0.06  4.00+0.05
&R Cys 0.800.01 0.88+0.01 0.96+0.02  0.90+0.02  0.88+0.03  0.83+0.03  0.76+0.03
fi% 282 Tyr 3.18+0.03 3.04+0.02 2.9240.04  3.31+0.04  3.18+£0.05  3.01£0.04  2.89+0.05
1) LU 100 g SHE & ORI 2) EAA T A LR, 3) NEAA AR 2 AL

Note: 1) At 100 g protein base; 2) EAA means essential amino acid; 3) NEAA means nonessential amino acid.

M 2 YK(08:00., 18:00), H M KK 1 3%~
4%, PR EIH LR R, FeMEEHUS 40 min B
B, METRRE, THEARIE R, PRI AR>S me/L,
pH 7.0~7.3, NO5—N<0.2 mg/L, NH;-N<0.2 mg/L.
e I 70 d.
LSRG, MRyUk 1d. FREFEE, B350 M
FEREALIL S B, LIASHERLAHT, o5 BEALI 10 B fafR
i, %ﬁ%ﬂmmm GBI | B, FREE I
SRR, BUS L, FES-20°CARAE, AR, Ifke
4CifeE 2 h}: B5.05(4000 r/min, 10 min, 4°C), H I
T, —20°CARAEREIN o TRIATHY I 1.62%10°
CFU/mL 1) W8 7K < 5 fif B (Aeromonas hydrophila,
FH T B AL 2 Bl Rk 2 e B A T B
1.3 H@maHh
)k S 2R G K 43I e R 105 °C L -E
# L 5E (GB/T 6435-2006); K& H R4 H3h
HLICE A (15 2 KDN-103F)I 5 ; KLIE W7 % H
R CHh 2 005 (GB/T 6433-2006); H K 4> % H

AR R B (550°C); KRS AT M
T s AR RE 0 SR R 34 R K e 1k
LR A il 2 Hr i (H £ 835-50 B &

I35 45 P9 5% 2 W (ALT) | %}ﬁ%aﬁﬁmsn\
Hl = 8(TG). B JHEEL(TCHO) . =% s & M
JIEL &1 B (HDL-C) il 5 JHF MR U 5 7 4 Ak 4 B AL g
(T-SOD). ¥ E(LZM) . A LA (CAT) . &
PUEALRE J1(TAOC) . Bl W P B (AKP) . TN %
(MDA). # bt H IR A AL W (GSH-Px) . B 7 i
(LPS). &M (AMS)I 22 35 5% I e st 2B T
PR 5T AT il 39 £ o

T-SOD {7 ¥4 %E L : 1 mg HAFE 1 mL )X
N SOD IR A 50%H} AIF X B i) SOD 4
—/> SOD 1 J1 8fii; CAT 3% J1 B 5E L. B e
ZUE AR 1 pmol 1Y H,0, BHEN 1 ANE S
AN ; T-AOC BE 1A %2 32 37°CHY, 1 mg prot/min fifi
RS ZR ) OD {8, F30 0.01 i, & 14 T-AOC
RE I PR, AKP 3G PR e S B SV U 7E
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37°CHREER 15 min 7242 1 mg By A 1 A4 K
7 ; GSH-Px 16 15075 X 1 mg ZE B, 1 min
FIBR AR B SN AR, A SO AR & i GSH ik BB
K 1 pmol/L A 1 /EEE S35
1.4 #HEARK

MRS HHE FIVARITR

TEIER(SR) = MG AU E < 100%;

JIE T (CF, glem’) = AT /MR *x100;

4 AR (WGR)=[ AR K H ()~ W1 A& 5 () /) 14
H(g)x 100%;

FREAE KR (SGR, %/d) = [In KIEE(g)-1n #)
R (g))/HF 1] (d)* 100%;

TR 2R B (FCR)=4E & i (g)/ [ AR R 5 (2)—
KT (2)]%100;

JHAA LG (HST)=JH R 5 (g)/ AR AR (2)x100%,;

JLA L (ST)=N19 B (g)/ A AR T (2) < 100%;

R % (morbidity =T 5 5 & M FE 55/ 0 T
A< 100%;

FET R (DR)=I 7 J5 5 T~ & B0/ 057 1ij e 45 <
100%.
15 HiEQESSH

FH SPPS 19.0 R {43#E47 B4 K 28 J5 25 K 5 (One-
way ANOVA)#AT/#r, 265 2%, WIERA Duncan’s
AT ERER, BEAKFR 0.05, JFEEATEIHS

Wi 45 A R P 4R ME 2 (R =SD) O
£

2 HR5HH
2.1 s HE R eyt Ks8I E KRR

A1

M 3 AL AR (SR 90.81%-~
95.12%, 4541 (8] 2% 5 AN B 3 (P>0.05); Tl kL & 5k
(FCR)BE R AP 1 v i e, AR 35
T A ZH(P<0.05); A3 EFY & R(WGR)HRKE &
BT, iR LR PR, B
HEEET A H(P<0.05); R (CF)FFA
(HSDFf & B AR By FH S iR, DL E MZH 34 12
FIRT A4 (P<0.05); FfE £ K (SGR)FIIEUA I
(SHBEE B A mikEA%, Hi5 A HI
2% 2 5(P>0.05).
2.2 tESIHERK &SI XEE) R AK DB
A1

M1 4 AT MR SRR 5 A AR
AKERTHE I TR, E 48 ECT A 41(P<0.05);
FELRE 17 R 43 5k Wil R AROKCF B 1 T4 v,
D. E I ¥ W5 T A 41(P<0.05); & H %K
TR TG 2 25 5 (P>0.05).

Rk 3  HEEIH K & KBEER G A K R A s B A2
Tab. 3 Effects of substitution fishmeal with earthworm meal on growth performance and body index in
Paramisgurnus dabryanus

n=3; XxSD
147 index A group
A B C D E
VIR /g IBW 3.86+0.23 3.86+0.23 3.86£0.23 3.86£0.23 3.86+0.23
K /g FGW 2.65+0.21° 2.82+0.48° 2.67+0.29* 2.70+0.49* 2.59+0.41°
1 E R WGR 68.14+1.61° 72.92+0.82° 68.27+1.21° 68.83+1.80" 66.46+1.56"
JIEL % B /(g em ™) CF 0.37+0.01° 0.33+0.13* 0.30+0.02° 0.23+0.03° 0.027+0.01°
FEEEKF/(% d") SGR 0.64+0.02 0.65+0.03 0.68+0.01 0.67+0.03 0.62+0.09
kL R4 FCR 2.43+0.09° 3.21£0.08° 2.69+0.06° 3.01+0.06° 3.27+0.04°
FEIEF SR 94.86+1.16 95.1242.06 92.60+2.12 92.17+2.20 90.81+1.89
JHF A E/% HSI 1.99+0.20° 1.9340.17* 1.7340.19° 1.48+0.09° 1.35+0.23°
JAA L /% ST 0.46+0.06 0.41+0.09 0.49+0.16 0.43+0.05 0.41+0.06

T A7 bR T B ) 260R 22 57 1 35 (P<0.05).

Note: Means in each row with different superscripts show significant difference (P<0.05).
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Tab. 4 Effects of substitution fishmeal with earthworm meal on muscle composition in Paramisgurnus dabryanus

%, fEE wet basis; n=3; X+SD

SiH item 257 group
A B C D E
HLEE 1 F crude protein 17.68+0.43" 17.80+0.51° 17.46+0.49" 16.88+0.50° 16.23+0.56°
HLAR Wi crude fat 1.18+0.22° 1.1940.20° 1.21£0.33° 1.26+0.44° 1.3440.38°
K41 ash 1.02+0.10° 1.06£0.10° 1.1240.21° 1.18+0.34° 1.16+0.42°
7K4¥ moisture 78.69+0.45° 78.89+0.57° 78.10£0.66" 77.86+0.59° 77.31£0.58°
SR driage 10.93+0.40 11.05+0.11 11.15+0.56 11.62+0.53 10.73+0.41

=47 BRI AN A 3R 25 5 i 3 (P<0.05).

Note: Means in each row with different superscripts show significant difference (P<0.05).

2.3 tEBMBEREHI XEHRRHBENATE

B2 28 P 19 3 i

i 5 741, E 44 Phe. Met. His. Thr. Pro
B F R T HAB AL H 4 (P<0.05), 1 E 4] Arg.

Asp. Cys & i % /5 T HAB 4 (P<0.05), HH A
ZH Met & 7 o 3 5 T HAB 4 (P<0.05); & 4R
TAA. EAA. DAA S &L E EHH2ER P>
0.05),

®5  ARHIEK S KB ERMAL AN BB E AR

Tab.5 Effectsof substitution fishmeal with earthworm meal on muscle amino acid composition in Paramisgurnus dabryanus

%, THFiHAl dry basis; n=3; X+SD

Ui H item #L3 group
A B C D E
WAL EAA
RN AR Phe 3.37+0.42° 3.28+0.50° 3.22+0.44° 3.20+0.36° 3.11£0.49°
AR Lys 7.55+0.53 7.51£0.50 7.56+0.63 7.56+0.51 7.6140.59
W2 His 2.2040.08° 2.17+0.11° 2.16+0.09° 2.1040.13° 2.03+0.16°
K2R Arg 4.48+0.61° 4.51£0.71° 4.51£0.66° 4.55+0.82° 4.61+0.79°
IR Thr 3.89+0.08" 3.91+0.06* 3.83+0.11° 3.81+0.13* 3.76+0.22°
R Val 4.31£0.61 4.28+0.50 4.26+0.55 4.25+0.66 4.21+0.62
HH R Met 3.25+0.16* 3.2240.21° 3.16+0.28" 3.08+0.20° 3.01+0.33°
SRR e 3.76+0.71 3.79+0.76 3.78+0.85 3.75+0.86 3.69+0.89
L Leu 6.91+1.02 6.88+0.92 6.85+0.87 6.84+0.96 6.84+1.05
kAT H IR NEAA
KRITA AR Asp* 8.37£1.10 8.39+1.16" 8.38+1.09" 8.42+1.03" 8.49+1.24°
225 /% Ser 3.60+0.45 3.58+0.55 3.51+0.46 3.53+0.60 3.52+0.53
B HE R Glu* 14.77+2.61 14.39+2.50 14.53+2.79 14.66+2.76 14.78+2.84
JifiZd 2 Pro 2.36+0.42° 2.37£0.56 2.42+0.58* 2.44+0.61° 2.53+0.72°
H4# Gly* 4.02+0.07 3.98+0.08 3.90£0.11 3.95+0.18 3.88+0.26
N2 R Ala* 5.13£0.91 5.12+0.93 5.08+0.87 5.01=0.98 4.92+1.08
R Cys 0.58+0.03" 0.59+0.02° 0.62+0.04" 0.65+0.06" 0.76+0.18°
fi 2 W2 Tyr 2.45+0.06 2.44+0.05 2.47+0.08 2.46+0.06 2.45+0.93
SR AR TAA 80.76+9.87 80.35+10.12 80.23+10.50 80.40+10.91 80.47+12.92
WAL EAA 39.48+4.22 39.49+4.27 39.32+4.48 39.28+4.63 39.14+5.14
fEBR 2 LR DAA 32.29+4.69 31.80+84.67 31.89+4.86 32.04+4.95 32.07+5.42

e R R, W17 LhR i E AR KR 2 5 535 (P<0.05).

Note: * means delicious amino acid. Means in each row with different superscripts show significant differences (P<0.05).
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2.4 HTHE| R £ 4 X oK 5 B R 8 i E A 1L 3R
FRER M

H2% 6 FIRN, e i A 42 4 X fofy o K i 1) e 5
BN AW (ALT) & & . & % B R 2 0 0
(HDL-C) . A&/ B (LPS) AT 43 i (AMS) 34 JC (g 3%
P 52 W (P>0.05); H ¥ = BR (TG) #1 &1 IH & P
(TCHO)BE# B AR /K -1 7 i 1 e % TH(P<0.05),
B 415 A 4122 F AR BE(P>0.05); BHEEEMH(AST)
B Bl B ARKOE 1 T I B 2 R [ (P<0.05)
2.5 R K B X K B A TR 8] R 1 B I
=AU

HIE 7 AIHL, i A oy Xof K il ] e 56K
JFF I 0T 68 421k 9 % K 1§ (TS OD) AL Bt A1k ik

J1(TAOC) B 1 ¥4 JC Ik 25 M 52 il (P>0.05); T &f
J& 19 & 9% % (morbidity) f15E T- %5 (DR) . N &
(MDA) & i . Bl PE B R i (AKP) 6 71 B & B XK
Ry F T T, B4 RS T A Z44(P<0.05), B4
5 A H2ERA T (P>0.05); 18 /LEM(CAT). &5
IO H K 3 4816 4 i (G SH-Px) R T il (LZM)TE )
BEE AT = RS, E AR ERT A4
(P<0.05), BfRdHZH] A 45T HA4 (P>0.05),
Hrh, B A H IR YR (GSH-Px) I 1 1
=T A 41 (P<0.05),
2.6 [E3 4> BT h 5] #3 4X B £ 0 X K 8 El e B R
T 14 &€ B9 4 1l

& 8 nl, MWAKERE . WL . I

ECI G k= 2ae=cky PO PN HEIDE Tl D fe A = E p AL

Tab. 6 Effects of substitution fishmeal with earthworm meal on plasma performances in Paramisgurnus dabryanus

n=3; X£SD
- H % group
A B C D E
Hil =Wg/(mmol- L") TG 2.27+0.15° 2.28+0.26" 2.81+0.20° 3.97+0.22° 4.46£0.26°
SR [ 5/ (mmol- L") TCHO 4.3420.30° 3.76+0.14 4.47+0.38° 5.54+0.79° 8.73+0.42°
5 2% B 5 2K 1A JIEL [ B /(mmol-L™") HDLC 0.76+0.43 1.04+0.27 1.07+0.17 1.09+0.12 0.90+0.16
B EEH(U-LHALT 6.37+1.28 6.32+5.15 6.28+6.89 6.12+6.75 6.07+5.15
B /(UL AST 9.75+1.94° 5.62+1.92° 4.50+1.35" 7.87+3.89° 3.37+0.10°
FEMEG/(U-mg prot™') AMS 0.37+0.07 0.72+0.08 0.50+0.15 0.58+0.05 0.70+0.30
fi Wi /(U mg prot™") LPS 0.16+0.03 0.19+0.02 0.19+0.02 0.39+0.27 0.19+0.01

W =17 bARE AR R R 22 57 i 2 (P<0.05).

Note: Means in each row with different superscripts show significant difference (P<0.05).

E A b R AR PPN HEI D R R

g

Tab. 7 Effects of substitution fishmeal with earthworm meal on immunity performancesin Paramisgurnus dabryanus

n=3; X+SD

F8 45 index

25 group

A

B

C

D

E

it E Ak E /(U mg prot™) CAT 118.57+32.48"

42.69+14.48°

45.87+20.50°

52.10+18.85"

85.68+26.42°

T P B R /(4 TG B - g prot™") AKP 0.087+0.013° 0.142+0.034° 0.18240.047°  0.230+0.111°*  0.460+0.324°
A IDE TR A P /(R O B )GSH-Px 114.9+29.7° 157.4+32.9" 121.4+6.1° 98.1+5.4° 94.3+15.4°
YA M/ (ng-mg prot™') LZM 10.83+0.14° 6.25+0.01° 3.57+0.01° 3.1240.02° 2.50+0.02¢
N —B%/(nmol-mg prot™') MDA 0.098+0.011° 0.642+0.213*  0.703+0.279°  1.112+0.37° 1.484+0.123¢
BYTEALEE J1/(U-mg prot™") TAOC 1.250+0.003 1.112+0.008 1.194+0.002 1.151+0.004 1.190+0.002
LU S LY AL /(U mg prot™') TSOD 19.61+4.87 18.83+3.39 17.69+2.95 17.91+4.06 17.33+4.15
IR % /% morbidity 43.33+5.72° 53.33+5.61% 53.33+11.54™  63.33+£5.70° 83.33+£5.77°
BET-#/% DR 16.66+5.40° 23.3245.21° 26.67+5.80% 23.33+5.13% 25.34+8.34°

W [6 A7 AR T RN R 387K 22 57 1 3 (P<0.05).

Note: Means in each row with different superscripts show significant difference (P<0.05).
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Tab. 8 Regression analysis effects of substitution fishmeal with earthworm meal on each performancein
Paramisgurnus dabryanus
P HE performance [8] )9 75 #& regression equation R P Kinax
H K PEBE growth performance Y=—0.158X?+7.14X+19.408 1.12 >0.05 22.74
JILPA B4 muscle composition Y=-0.062X>+2.38X+21.73 1.42 >0.05 19.19
1 7% 4Efk serum biochemistry Y=0.133X?-1.458X+5.081 0.013 >0.05 5.48
e AE immunity performance Y=0.738X?-9.814X+44.428 0.004 >0.05 6.65
LA 4 M fE evaluating per performance Y=-0.2057X*+3.769X+34.436 1.05 >0.05 9.16
A WU RS FAe BE M fE evaluating all but serum biochemistry Y=1.819X2-26.066X+62.981 0.006 >0.05 10.96
H R FIWLA P RE evaluating growth and muscle performance Y=—-0.0056X>+0.242X+22.68 0.008 >0.05 21.60

A AL G e M RE AT VA, E S0 5] 495 R A R B
RIE B im] Rt A KT 5.48%~22.74%, Hir,
PUAE KA BB AKOF e i (P>0.05); 25 b oF
fliPEfg, g uCik Bk ] A A K 9.16%;
MAERAERE . LD o R e P RETEAY, 2
B AT AR A KR 10.96%; M AE R PEREFIAL
PR PFA, RSO A PTRR R AR KR 21.60%

3 g
3.1 mEEMEBREHBXT KEE] T AE K %R

Al

ARG I, e B4 AT A3 A (22.74%)
T AN 52 M K 0 1) 00 8k 7 2 4 FLAES , (R &
(HR I 25%) M2 A= K . Rawling 25U ke 5] 473
B CESEE (Cyprinus carpio)fil ki 15%~25%[ ff
W e, &M B E AR, HER
25% £ PR AL K o Dedeke 25U 7R A1 P i
(Clarias gariepinus) It . 7x, i s 1 25 1 Ak
1 25% 9 by B R Be AR AR G, (R 50% 02>
I K . Johannes ZENA K, TEMEEIAT
RELFRAT B R MR B0 T, i w50 v] B AL
(Ctenopharyngodon idella)fi Bl H' 50%~100%H
KA A2 o A, Bl i R A AR K
AT, AR R R BRSO IE R T
Ra a3, 3 U5 Y A ARk v 5 o ke A 3R APR T A il
VB DR R 22, X AT e SRk Met & &Y
FEARA G, ARk rh R R R 2 Met X025
W) 5 4 0 Ak 5 W B A RO, Chiu 50T
T 1 e e w5 A AR ok Al s I Met (i 35 42
B T LY %HEF (Penaeus vannamei ) 4E K 14 E Fil

BRI, Nordrum 25U e K P f(Salmo salar)
SRR, Met Rt 4 & /Mo 5 i Bg il . AR
FRE TG ME . SR IERR Met 5 HEE AL i 1921 e
G AR TR A A Y S
T RL R Met & A PR, #PFEIE 19 Met Afig
PRAE SR IE 3 AR K AL TS, AR Met
HITFRANE], D (Cyprinus carpio var. jian)fi K
HH 0.088%", 44 fE(Trachinotus ovatus)7=R &
M 0.106%~0.127%%, %) A 3k fifi(Megal obrama. am
blycephala)-K £ 0.084%~0.085%", B Jg &3k
ff1(Oreochromis niloticusxOreochromis mossambi-
cus) iR 0.125%%%, K EIl Je Bk Met 75K &
KIWAHGHE . BFIEINN, mZ A Y TEE
PR £ 1 B N Met &5 & FRR ML kU7, A
I, M R S Lys, MAELZ Met, BE&H
Wi A R SR B T, Met & I R, 4541
Tk Met &0 514 0.115%. 0.101%. 0.080% .
0.067%F1 0.036%. HIMLHEM, 7EA I &,
REERIJEHT Met 17 3K B2 7] GEAMIKTF 0.101%.
TRk Met 75 2 B A i B K 5 ) Jfe 8 A K 52 B
RAARHR R, HHXT Met 752K i R ALELR
AR — 25T .
32 mBIHEKREHTAHEIREHBNARSH
Al

A FE 45 5 W, iz W] R B AR AR (19.19%)
B E P S WL AR D5 Fr i, G PR AT B 2 e s
AR IIIEN (A 14%~20%)2 24, i Ak
L ARG B R (PUFA) ARG EL A, A 17T e 200 Jif f55 %o
JIg W 9 e 32 RE 55, IR e LA e i U e i
SETE . FE, BT Z Met, f£—E
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FEBE L8055 1 28 ekl v g 1 14 78 A 5 Ol
Met figfEdERR B A AR, x5 e ds| kARt ks
15 45 F#ifi (Clarias gariepinus)™' . i (Cyprinus
carpio)!'¥ | fii ffi (Cyprinus carpio)?® . P HIAFA
(broiler chicken)®” | % B AH— 2k, WFFEFEM,
e 51 A R 0 R I 2 AR 0 R UL PR R 2R B )
i, EARRE KT, MEBRAKE TS,
FR LA AR SRR AR, X UL T AR R
Tt W51 A ARG T R fk I R 8 £4) 2 1 OB (PDR),
e X SRR Met &5 T FEA DG, Met 194D
FUIRER S SE AT A BZ AN, & A
Cys M#ES 5EARAMRY, ERFL P M
(Tilapia mossambica)™ | i £ 1'%y 2% |- fiff 5
R, Met BESS 1 i R FE (1 BRUTR R S0 R 3,
e AR AR £ I S AR R o 'Y, AR U
A= Aw S O ISR A S S AR SR 28 S A
S LR AN i R S SR i Y TC W R, X ]
ARSI IR 2SI T T H A 1A b # . K wr
TR, MK &SN EAE. H
BERIHIRA G, BRI IR ) B fa2dm)
FeL I P 250 e DUt AR L K 4 B T R0 i
0 A WL PR 7K i A AR KT ) T v T 8 35 AR AR,
FREDN 3 AT R 2 PR Ay e 5RO e i, AR
BRI R FRE ) R L3 B0 R, 3 T 3 300
b K 43 B ek A 1 XA ek e 2K 40 R R
TR, BARAHSCHL A T 5 i — 2 AR
3.3 HEHIMEBREHIT AR M E LIS
A

— B IE LT, AR I A A S R 0 AR S
T B ARG S 2 2 g R B S BR A RE T . 45
N3G B (ALT) AT 5% S B (AST)) IZ A AR 1L 3K
RO o (0 W b SRl 1T R AR N,
FEAELRAR N . A0Sk 2z B kb
B, WEEMEEREESSR BT, RZ, W
FHAERF TS T RCY, A rh, FEEKF
TS, PR A W B T Rt g, R
B A9 B4 R ke A 4 ) 08 8k %) FHE T BB AR R
F Tl 0514 & A ko R Y, Fe 4 R A A
BEI Y, BB 15— BRI . I
A JE [ B (TCHO) M H Jh = 8 (TG) & = B R AR K

ST BT, X AT RES 22 R RN i R L ) Ok
s 5, AR EoR, ZAMWMARIERA T )48 i
T AR i D RET . R AT RE S Met
TR, A WFFERR, Met A MEFEFFASHSHE R,
1773 H 9 = R S R B R OE A R, X 5
IECS | AR D s DO AR 1 2k
Tk b i R J5 BT S B R — 2 i I A U
(LPS)FIUE #3 il (AMS) 75 — & F FE b 7] 58 Je e 3
YRR A BEEOR B 1 ARk, 24 AR A7 2 A
L3 1 A B 0 e 3 etk B TP, AR, K
fif ) Y M6k I, 3 S A R B U XY O B MR A R
T 10 BH b 851 K53 P8 S A 552 i) R 68 1 0 Sk Jie AT
WIH AL T RE o
3.4 HEEIHRE & 0 X K 65 R T 6 50 T 1 A
A1

FE U W IR A A AE JEE I v 22 7 A R A 1Y
MR, W A f2E(OH) | i AL A (H,0,0) %, i
M T A T I v A R N — R A R A
o YA RGN E B A Y AR R R IA N it
22 110 3% P T 200 i e sz SR AR B, P 2R
AR 2, BT AL EE(CAT).
2 WeH Bkt AL B (GSH-Px) . M 48 AL 1) 15 Ak Tt
(SOD)% . A [ (MAD)J2 sh ¥ i JFi ik S AL %0
(7= 22—, Al LS e 20 i 0 20 42 40 ) A
B o ARSI o, BRI S Y B St
A AL HE J1(TAOC) FLE A A 1L W B AL il (TSOD) %
JI¥TC 0 2 AR Ak, 3 1 B e A P R D %o R B
)8 Bk 40 i A2 2O — o AR T AR, X AT RE 2
TR & & Cu n P, Cu WIS ALY
AR B S i RPY . ARG SR, B
KR 25%)5, iR bEH ki S ey i
Fli b SRR 3 R R, RIS R A
B3 BT, R AT RE R O AL Fe TR
VG S35 TR TR 0 (U 51493 Fe 3 RE 24 B G 7 135 0°))
111 3 2 R A AR AL BE J R DY, koK 12K Fe
FEE BN 150~300 mg/keg™”, HETA XA
RIYe Bk Y Fe 75 22 5 iA AR WHGE, [FIEY, Fe M4l
VYRR ol iR, T8 & T I A Tk
JEU S TR B (LZ M) S — 2 A% 40 ROk 240 i
SRBPLTERG . AW, BEE AR BTt
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VTR il o A, X T RE S R AR R R G
FREEAT G, T VAT it 1 £ 181 V7 A 200 1 4 B 17 38 A1,
Loh 521 i i B4 Q s 1 Ak P i, A ke
WITIRE . KGFFENTE G kA iR . bk
B3 T Ik (AP ) T 7K i Bt 2 B4 T 0 e 7% Tl TR ik 14T v
A W Ry B AE T, A R FRATT K S i 451y
FIRY AR O X6 R B8 1 90 Sk i 4 e 2 P AT 8 5 1 R A
F, HENGX AT REE B TARDEH R Zn B85 2 (i 15083
Zn SRR 3~4 5N 1T Rt A
BETERE, TR, ISR SIS H Y Zn fE
BEE AKP 5 7™, KK R (morbidity) FIFET- K
(DR)J& H 4% [ WL sh Wy 25 5 S SEERE I P48 A1
TEARI R T, BEE BAUKFRY BT, Kk
VB R RBE T 2 ) 2 o, RN AT g2
TR T MR RE T 0855 S, B T RE A
T e ] B A 2 Aont o 22 PG BH P A 22 TG PR 2
O R YL B H, W Fetdins . Lysenins %
Eiseniapora %5 ZF 1A, A4/ 1 34 1
HA IR 20 ), T e R 2K T 3 ML A G
AN

4 NG5

ARG SR, IR AT A AR (22%) 1]
k£ Ry 1T S 5 W R % ) e Bk AR K AR, HLRE
P v A R UL PR B4, A 355 T 5 P O 463 47 R o 4
b, 1H5 E AL T Mtk .
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Effects of substituting fishmeal with earthworm (Eisenia foetida)
meal on growth, muscle composition, serum biochemistry index and
immunity performance in the loach Paramisgurnus dabryanus

FAN Tao', LIU Yi', MING Wei’, LIN Rongnan”, WEN Anxiang”

1. College of Animal Science & Technology, Sichuan Agricultural University, Chengdu 611130, China;
2. College of Life Science, Sichuan Agricultural University, Ya’an 625014, China

Abstract: This study evaluates the effects of substituting fishmeal with earthworm meal on the growth, muscle
composition, and biochemistry index in serum and immunity performance in the loach Paramisgurnus dabryanus
with an average initial body weight of (3.86+0.23) g. Five experimental diets with the same nitrogen and energy
content were formulated to replace fishmeal using 0 (as the control group), 25%, 50%, 75% and 100% of earth-
worm meal. The experimental fish were fed the alternative diets in net cages for 10 weeks. Results showed that
dietary fishmeal replacement with earthworm meal had no significant effect on the survival rate of loach. The feed
conversion ration (FCR) and weight gain rate (WGR) increased (P<0.05), and the condition factor (CF) and hepa-
tosomatic index (HSI) decreased (P<0.05), as levels of substitution rose to the maximum. There was no significant
difference in splenic index (SI) or specific growth rate (SGR) in any of the groups. The content of fat in the flesh
at levels of 75% and 100% replacement was significantly higher compared with the control group (P<0.05); and
the content of flesh crude protein and moisture in the 100% replacement diet was significantly lower than in the
control group (P<0.05). As the content of earthworm meal rose, the content of Arg, Cys and Asp in flesh protein
also increased (P>0.05), but that of Pro, His, Met, Thr and Phe in flesh protein decreased significantly (P<0.05). There
was no significant difference (P>0.05) in the vitality of alanine aminotransferase (ALT), lipase (LPS) and amylase
(AMS), or in the content of high density lipoprotein cholesterol (HDL-C)in the serum of treatment groups. As the
fishmeal content dropped, triglyceride (TG) and total cholesterol (TCHO) increased (P<0.05), but aspartate ami-
notransferase (AST) decreased significantly (P<0.05). As levels of substitution increased up to the maximum, the
vitality of catalase, glutathion peroxidase (GSH-Px) and lysozyme (LZM) in the hepatopancreas decreased; the
content of malonaldehyde (MDA) and the vitality of alkaline phosphatase (AKP) in the hepatopancreas increased;
and morbidity and death rate after bacterium Aeromonas hydrophila challenge also increased. There was no sig-
nificant difference in the vitality of total superoxide dismutase (TSOD) and total antioxidant capacity in the hepa-
topancreas of treatment groups (P>0.05). This study demonstrated that replacing 22% of the fishmeal in the diet by
earthworm meal had no significant effect on growth and survival, and could promote muscle composition. It could
also effectively protect the hepatopancreas from damage and peroxidation by reactive oxygen; however, it would
significantly inhibit loach immunity performance.

Key words: Paramisgurnus dabryanus; earthworm meal; sabstituting fishmeal; growth; muscle composition; se-
rum biochemistry; immunity performance
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