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Table 1 Formulation and chemical composition

of the experimental diets

WAy % B 4] Test groups
Ingredients  RM,  DLRM;, DLRM CRM; CRMo
JE# Material
UGS R
0. 00 33.43 66. 86 0.00 0. 00
DLRM
i
0. 00 0. 00 0. 00 34.97 69. 94
CRM
56. 84 28.42 0.00 28.42 0.00
Soybean meal
£t}
8.00 8. 00 8. 00 8. 00 8. 00
Fish meal
ISR
. . 1. 00 4. 00 4. 00 4. 00 4.00
Soybean oil
W ESTTRE
EBEBEA ) 0 500 2.00 2,00  2.00
Mineral premix
2 TR
REZBORA ) 4 1.00 1.00 1.00 1.00
Vitamin premix
o TEM a-starch 10. 00 10. 00 10. 00 10. 00 10. 00
E*&t*]ﬁ 18. 16 13.15 8. 14 11.61 5.06
Maize starch
1L H K Chemical composition
) o
ik 89.54  89.29  89.83  89.61  90.05
Dry matter
ﬁlﬁm . 31.32 32.11 31.18 30.79 31.55
Crude protein
"l s
*‘ HEH}\? . 7.55 7.84 8. 24 8.12 7.93
Crude lipid
HLK 4 Ash 8.07 8.43 8. 84 8.26 9.13
1.3 Mk R LS R ke & &

TP AE SRR IS B 2 K 5 5 14.28.,42.,56
K, TR 5 B, Bk, 1 7
A T B R I P T A 0 1 0 R A W TS s D0 1
MFEE 4 CkAMP#E 4 h,4 CHEMTF.4 000
r/min& 0> 10 min, WA ME ., —20 CHRALH. ik
o 8K 05 7 BV R SR TR R L 2
SCHR 8 I J7 125 1 28 Sk ' A 06 40 M
1.4 Mk B 480k B & 40 A B0 & IS MR

=

&

TR0 FH B 4 0 (0 3 A BR B th 28 B BT E S0 = AR
17,37 CHi R 3% 24 h J5 . H 0. 5% B fR /R B pk K
TR E N 1. 0 X 10° cells/mL, 1 A & W 5,

53 ) U R ) O I AT Sk B AR R A MU 0. 2 mL,
A 0.1 mL FBEJE 28 CHEE 1 h, ik A, L 2
10 min,Giemsa 4% {4 1 h, i 3 F 7% 18 7K b 1% J5 g
T8k, AWETE M LA W H 43t (phagoceytic per-
centage, PP) 1 %5 W 78 44 ( phagocytic index, P1) 3
AN 11K Rl N/ vy <

AR IR 1 73 He= 100 4> 47 1 40 i v 2 15 4% I 114 240
JLEL /100X 100 %6 , 77 Wik 18 % = 20 Mg P 58 1 0/ 77 Wi
NS RNE R
15 MEFREMHEESHME(C3.C4SEMNE

VR TR O R 2 B SCHR L9 T O 23000 5 DV BE Bl
BRI (Micrococcus Lysodeikticus , Sigma 7= i) % T
MR . AMAI E R & W B L B AR AR SN2 IR
A BR A 7 2 BRGE R 5 2R 17 I 5 .
1.6 HiEAIE

IR S5 5 P S8 £ bR i 22 R, R STA-
TISTICA 6. 0 % 2t 47 8 ] % J7 22 73 Mt & Dun-
can’s ZH W, 225 B EIKFH «=0.05,

2 HERESMH

21 EHFHEREZMN R SR MK A HMEMN L
B 25 1 4 B & SR M R 22

H1 28 2.3 3 Al A1, B RSEAFAL J .  F AR m
VP AT R Sk Y N 00 I 3 A 38 R )RR Y
FEAR . 720 I0 AU TT 28 d. Bk T CRM, 0 41 B9 I 7 11 40
oY PP S A T X R4 (P<<0. 05) 4b, Hifli 4% 41 5
W E Pk A AR AL B OR BT . HJE NS 42 RHF 4R,
CRM, 0 41 .DLRM,, 4111 PP P1 &R T B 41 i 25 %
K. %5 28 KIFUE,CRM,, ZH 1Y PP, PI #B . DL-
RM, 0 2H FE AR, AH 5 41 22 ] TG &k 3 22 5 5 CR My 2H Al
DLRM, 41 () PP, PI ¥ &Ik T CRM;, 4, 7E %A~
R 8], DLRM, o0 41 il CRM,, 41 AH H# G i 2% 22
S MAESS 56 REF,CRM,, 41149 PP.PI 34 @ E (% T

CRM;, 4.
22 RMFMEBEREMMRERIDBFIEHHEENE
sl

SR 1 R, MRS, DLRM, 4 |
CRM;, 4 .CRM, o, 4 1) %5 T 305 1 900 328 o B3 A1 &2
55 56 RIF CRMo HFEARE] 59. 6 U/mL, B i 5
KL, H KL DLRM,,, 41 (62. 6 U/mL) fil CRM;, 41
(70.8 U/mL), K MIHT 28 d. & Z H BB A
W E AR, RS 42 K, CRM,,, 41 1Y 1% B il 15
P (64. 2 U/mL) X BEZH (80. 8 U/mL) & #F FFAK .
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Table 2 Phagocytic activity of the blood leucocytes of gibel carp

el i WK S AS [8] 5 (8] () 75 W 35 P Days after feeding rapeseed meal and phagocytic activity
Ttems Groups 0d 14 d 28 d 42 d 56 d
RM, 40.284+3. 14 38.71+3.25 41.0443.20 a 42.17+2.23 a 42.43+3.08 a
DLRM;, 37.584+3.15 40, 0542.77 38.3042.58 ab 39.48+1.66 ab 40.6343.15 a
PP/ % DLRM 40.8142.58 36.82+2.23 38.7942.05 ab 35.93+1.87 be 34.8643.06 be
CRM;, 41.52+3.54 38.07+3.29 40, 2342.62 ab 38.59+3.19 abc 37.3342.63 ab
CRM; o 38.97+2.75 40, 3143. 06 35.86+£2.54 b 34.284+3.50 ¢ 31.4142.40 ¢
RM, 4.0640. 33 3.86+0.29 3.93+0.55 4.13+0.38 a 4,03£0.44 a
DLRMs5, 3.6940. 29 3.75+0.57 4.05+0. 64 3.79+0. 22 abe 3.714+0.27 a
Pl DLRMo 3.8640. 33 3.974+0.45 3.55+0.48 3.37%+0. 33 be 3.05+0. 35 be
CRM;, 3.9540. 34 3.73+0.24 4,0140. 35 3.6740. 30 abc 3.53%0.41 ab
CRM 3.8840. 37 3.9840.45 3.45+0. 36 3.25+0.35 ¢ 2.8140.26 ¢

1) & [R5 B0 R [R) B R R 22 5+ .35 (P<<0. 05) . T [Al. Values with different letters within the same column indicate significantly
different(P<C0. 05) , the same afterwards.

®3 RERULEFEAMEEHENE

Table 3 Phagocytic activity of the head kidney phagocytes of gibel carp

i H 215 W SEAFHA S5 AS [6] B[R] 19 7 G P Days after feeding rapeseed meal and phagocytic activity
Ttems Groups 0d 144 28 d 42 d 56 d
RM, 34.2342.18 36,2442, 44 37.21£2.15 35.35%3.23 a 36.33£3.21 a
DLRM;, 37.06+2.95 35.424+3.19 36.37+2.89 33.38+1.85 ab 34.9743.06 a
PP/ % DLRM 0 34.9343.03 35.71+1.77 32.89+3.32 29.20+3. 26 be 28.1743.39 be
CRM;, 37.13+3.18 35.6943.06 33.98+2.79 31.13£3. 25 abce 32.83+3.04 ab
CRMiqo 36.08+2.98 34.2343.09 31.96+2.63 27.49+2.03 ¢ 26.17+3.15 ¢
RM, 3.47+0. 28 3.7940. 46 3.55%+0.41 3.6640.31 a 3.734+0.42 a
DLRM;, 3.61+0.37 3.4240. 35 3.4940. 27 3.5740. 26 ab 3.5040.26 a
PI DLRM o 3.537+0.26 3.4740. 46 3.3540. 31 3.0540. 38 be 2.8340. 20 be
CRM; 3.42+0.32 3.64+0.29 3.44+0.23 3.25+0. 24 abc 3.18+0.31 ab
CRMoo 3.51+0.27 3.3640. 29 3.16%0. 39 2.85%0.21 ¢ 2.55+0.27 ¢
v
ORMA4l Group RM, B DLRM,4l Group DLRM,, Y{ 56 K. CRM, 41 Gl DLRM,, 4 %K&XT A
BDLRM,, 4l Group DLRM,,, B CRM;4l Group CRMj, % [g%,ﬂi(:
EICRM,, 4l Group CRM,,,
100r FE A K 2 b DLRM, 41 L CRM, 4 JE A
= _ 9o} " . . a
_‘IEIE 80_3 <1a Fald i %?%*%%’ﬁXTﬁﬁé *Htt%ﬁ%%ﬁ‘a CRMJOQEE/J
= a = 4 =
=2 701 Gl TENE | BN b | B ; , .
_‘i\z S 60F :i = ?::i = %g 0] = @f’*%%{ﬁ'tﬁ e DLRM,, 4H . CRM,,, zﬂlﬂ%l% ’{EIEIL:J&K
= o 50f G | ENAY | BN | ENAS R
NN N N HMEY: 3HZIE LR ELS.
¢ 30t K| B | BN < | BN —_— N =
eV BV (B BV (Y 20 RERMREEARE RS (O,
N 10} o BNt ENIA: b =0
CHEEN ! <L | ENA CA)ESEWZMm
0 - 9 = k. LA = ) E W5
0 14 28 42 56
— - g — e NI ~
SRR 19 KB/ SRR 4 P, SR SEHK RS . CRMyg 41,

Days after feeding rapeseed meal

DLRM;, 415 CRM;, 401y C3.C4 & &t 1Y 42 fb FL 1
K B R R e n 22 5 83 (P<<0. 05) . The different letters *H{J\ %BLfﬁﬂ{EE i 56 %EH‘ CRMloo QE. E/J C3

mean significantly difference (P<Z0.05). Ca 5}”]“351{[5&@] 158 1 I [K&]'[]EE'j(
B SR S R A R AEARE] 0.158.0.103 ¢/L. Bl ECK
P:‘(%E DLRM,, 4 (0. 175.0. 115 g/L).CRM;, 4

Fig.1 Effects of rapeseed meal on lysozyme

activity in serum of gibel carp (0.202,0.129 g/L), FEXIR T 28 d, #4541 C3.C4
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KLDLRM o ZH 1 C4 & & ,CRM,, 411y C3.C4 &
EY R EAT XA, 5 56 KX, DLRM,,, 41 fil
CRM, oo 811 C3.C4 7 1 #F 8 H (KT X IR, 7E 4%

x4

It FEAKRSE  FIO6E IR A ) AT 2 A2 4 s CRME, 4
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Table 4 Concentrations of serum complement (C3,C4) of gibel carp

PSRRI ) B C3.C4 By 5 48/ (/1)

H A5 Days after feedi apeseed | and ions of s 1 (C3, CH
Ltems Groups ays after feeding rapeseed meal and concentrations of serum complement (C3, C
0d 14 d 28 d 42 d 56 d
RM, 0.24340.018 0.21640.029 0.26340.034 0.234+0.030 a 0.22240.016 ab
DLRM;, 0.25140.031 0.24140.027 0.19740.027 0.20940.027 ab 0.24840.039 a
C3 DLRMo 0.23140.025 0.20840.033 0.23140.031 0.20540.032 ab 0.17540. 028 be
CRM;, 0.234740.024 0.24540. 040 0.21740.031 0.22140.026 ab 0.20240. 036 abc
CRMiqo 0.23840.029 0.25740.034 0.21240.034 0.178+0.020 b 0.158+0.021 ¢
RM, 0.165+0.026 0.15840. 020 0.14340.017 0.168+0.021 a 0.15540.018 a
. DLRM;, 0.1374+0.014 0.16340.022 0.1534+0.023 0.13840.017 ab 0.164=40.022 a
o DLRM;0 0.17340.028 0.13640.013 0.15540. 025 0.129+0.018 b 0.11540.015 b
CRM;, 0.14340.021 0.16640.025 0.1334+0.013 0.15740.016 ab 0.12940.028 ab
CRM o 0.15540.017 0.16740.023 0.13840.019 0.124+0.016 b 0.10340.023 b
3 'I:\T 'I,/[r: *Eﬁj(o E%ﬁé/l\ﬁtrﬁﬁ*%*vDLRMao\CRM)OgEE/‘J

B AR AR 0 BIE ST R K 7 3 W A R E 5 Y AR
A BEERIEA K R b R AL Ay T T
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51 Al e M 2 S HR A R R e B — B B £k
17T £ 288 1) 75 S R0 2 P R e S M e i il T i R
P, IS SCH 82 BF 58 320 B4R 20R 4 5
B ARMAE AR S R . AR 5 AER
Ttk FH S [R] 7K 9 U ST R 35 38 SR b AR AR
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41 CRM, 0, 2H Y I 11 48 LR Sk VB 7 5 200 L 1 7
M DLRM, 11 C4 7% 5, CRM, 00 41 19 1ML 38 35 TR
BTG PE L C3.C4 & 34 0 2 Ik T X A 756 56 K,
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i 14 P ek A A R AR I, A ek i O O T A SR AT
KL T AEAS B 5% bl 2 B 7E SRR R 42 d R
CRM 21 1Y 45 T 4 95 46 b5 JL T #R # CRM, o 2H W
E% 330 3f 156 1 3253 3% KT R T 8 25 %) 52 ) 58 UK S A

25 TG 2 H AR R IR ZH R A B A 2200, SR Y
T R rh RCAR S RF R B3 GE S ORF ORI Y U I i
33.43 %088 34. 97 Yot HAS S X S AR B 1 3E Ry
PE S92 77 AR T 35 0 R R 52 0 L 3 SRy SRR AE AR
EORANIIERE e

FEL Tl SR F R0 A )L v R FH A9 B 32 P SR IR T
SR E, A AT R e R M P2 g
TEST T B0 A F T 2 g W8 e Joc B ) S5 T PR & L
TR 55 A TR W) 0T R ) A2 R A 5 I 0 L 1
AR MR R B G 0, 51 R 2 (A A1 PR IR 3R 1% 43 0 388
T BRI R . 5 B WUR 3k il iU #h B
S Z ROV R 2 L B 6T Bl T Ak b
AL IOR AR A7 o 2 DRk b UM SR ORE R Y RS F
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Effects of soybean meal replacement by rapeseed meal on the

non-specific immune function of gibel carp.Carassius auratus gibelio

ZHAOQ Fei'? WU Zhi-xin? CHEN Xiao-xuan® JIANG Lan!

1. Pearl River Fisheries Research Institute ,Chinese Academy of
Fishery Sciences sGuangzhou 510380 ,China;
2.College of Fisheries , Huazhong Agricultural University sWuhan 430072 ,China

Abstract Five experimental diets for gibel carp,Carassius auratus gibelio ,were formulated to con-
tain various percentages of common rapeseed meal (CRM) or double low rapeseed meal (DLLRM) as a
partial replacement for soybean meal. RM, (with 0% CRM and DLRM) was formulated as the control
group. DLRM;, (CRM;, ), DLRM,,, (CRM,,,) were formulated to isonitrogenously replace 50% and
100% of soybean meal protein in RM, with DLRM (CRM), respectively. The non-specific immune pa-
rameters including phagocytic activity (PP, PI) of blood leucocytes and head kidney phagocytes, serum
lysozyme activity.,serum complement concentrations of C3 and C4 were evaluated at every 14-day inter-
vals. During the initial 28-day period,only PP of blood leucocytes in CRM,,, group was significantly low-
er than that in RM, treatment(P<C0. 05). From the 42th day on,both PP and PI of blood leucocytes and
head kidney phagocytes in DLRM,,, and CRM,, treatments were all significantly lower than those in
RM, treatment (P<<0. 05). On the 56th day,serum lysozyme activity in CRM;,, and DLRM,,, groups was
significantly lower than that in RM, group(P<C0. 05). From the 42th day,serum complement concentra-
tions of C3 or C4 in DLRM,,, and CRM,,, treatments were significantly lower than those in RM, group
(P<C0.05). The immune parameters in DLLRM;, and CRM;, treatments were not significantly changed
compared with those in RM, group (P>>0. 05). However those in CRM;, group gradually reduced with
time. We concluded that the effects on non-specific immune function might cause by antinutritional fac-
tors such as glucosinolates, sinapin, phytic, tannin,crude fibre in the rapeseed meal.

Key words rapeseed meal; soybean meal; non-specific immune; Carassius auratus gibelio ; antinu-

tritional factors
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