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KR, BARKER, R AYIFF 2 A, fFEENAEE,
HRARERERE, FRAK. BHRE 2K
(8:30 ~ 9,00,16,00 ~ 16.:30), B Y THAKE
H1. 520 BRTEL,
1.2 REFEH

I U AR AR R AR B U R 43
10 4, BpfeEsa i A B.C.D.E éﬂ,%ﬁﬁﬂﬁzﬁ
H abieod.e H, 84 30 B. HAmEpRxT A A,
a) LA S AN S a2 R, 1Al a5 21 43 51 LA
S EFF ¥ (double-low rapeseed meal, DLRM) #1
358 3K (common rapeseed meal, CRM) ZE &
1R BB ZH A 50% (B bs D d) Fl1 100%6(C.c; E,
DMEMEN. WEHE XL HRE 1, HP
SUESEFFHN “4EXL 3 5 K. ARIE T3UR
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Table 1 Formulation and chemical composition of the experimental diets %
- . R Test groups
JEB R4 Material ingredients Aa Bib Crc D e

WALEFH DLRM 0. 00 33.43 66. 86 0. 00 0. 00
@R CRM 0. 00 0. 00 0. 00 34. 97 69. 94
F# Soybean meal 56. 84 28,42 0. 00 28,42 - 0.00
1%} Fish meal 8. 00 8. 00 8. 00 8. 00 8. 00
. Soybean oil 4,00 4,00 4,00 4. 00 4, 00
TeHLEL TR Mineral premix 2. 00 2. 00 2. 00 2. 00 2.00
e FTREH| Vitamin premix 1. 00 100 1.00 100 1.00
o TEM a-starch 10. 00 10. 00 10. 00 10. 00 10. 00
EXRFER Maize starch 18. 16 13.15 8. 14 11. 61 5. 06
{240 i, Chemical composition

F4 /% Dry matter 89. 54 89. 29 89. 83 89. 61 90. 05
#1Z& 11 Crude protein 31. 32 32.11 3118 30. 79 31,55
M BEM Crude lipid 7.55 7. 84 8.24 8.12 7.93
MK 4r Ash 8. 07 8.43 8. 84 8.26 9.13

1.3 ®REEM 1.7 MEBREERETENNE

BEARK AT 60 d 5 REEM, L
0. 65 %6 A9 7K B A FRER KR 18 /R T AR KIS B P K L
M & (formalin killed Aeromonas hydrophila,
F-AH) %4 1. 0X10® cfu/mL, %t A.B.C.D.E 4
W RIRIE A2 EE 4T 0. 2 mL, fER G4,
%t a.b.c.d.e HERIGAFES 0. 2 mL KA
K AE R G xT B4 .
14 X M

R FRBEHEMTHE 21,3549 KB, A&
A BIBENLEE 5 B, NEFIKEUL. KBER
B M AL 2 03, 3o 1 LU R BUsE & bisE
I, BE8 E M9 A 4R E SIS PE s 55 1 0 v i &
I35 A0 R i T B BRI | 10V I B B VA TR
MEAMEC3.COHOEEH.
15 EBEEEAMENENE

St SR i S5 B4 44 32 0 ~r BB, B L,
RPIM1640 535 Pl K BB 718 3L B 5y 7%, B H
FM TR ERAL R, L) 600 r/min .0 10 min,
BIER PR I E B 3 vk, B0 B 48 i 3
RPIM1640 B R MK E R EZFZH
1. 0X1074, REBLk B A 4 A
1.6 [k A4 BTN S & L 40 PR A B R A
E

2 BBICHRL6 1 B B 31T . TR R E 4 EL R
TWIEH. BF W H 4 (phagocytic percentage,
PP) (%)= (100 NEMAME TS 5 F M 485/
100) X100, FKEFHE 5 (phagoeytic index, PD =40
PR B B/ W A B 1 4 R

SR 7P A RXRTEHET, A
(Amresco 7= &, 7E ¥ 20 000 U/mg) JARHE S, LA
VB I R B (Micrococcus Lysodeikticus, ¥k T #»
Sigma = &) A EURE K
18 MmiFEME(C3.C4)EEBHINE

R _E 1 B4R R S M2 AR A BR A Bl A2 7 Bk
&, 4 AshER T (ACTO D W€ .

19 BREHRERMHNE

R P B AR AT , R HLR A F-AH,
110 W &

TFHREEMGHE 49 X, FH4HIE 15 Btk
fa, 2 g RITTERAFS 0.2 mL 1. 0 X 10°
cfu/mLEG/K S M EEEBE. MRERFWRES
WE 14 d, Gt T K, B R BE R K (relative
percent survival, RPS),

IR (%) =[1—CZHRAaFET-R/ 5 RA
FET-H) ] X100
111 HiERE '

KRB STATISTICA 6. 0 {41743t
07, B 2 R 2R FH Duncan’s £ A, B E/KF
0. 05,

2 BRE5GH
21 IR R EREM A QAR EF WA
RERE R

G5 2.3 3 PR, MK A AN K A
T MR YR AL SR . TSR R RBERT
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C.c A ryiln &k 5 AL T F WS4 PP PL#EE
EETHA R X A, 5 49 X,D.d 4’ PP fi
B.b 21 FAH R 4
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PI 4 18 Z i T AH R ﬁ*‘*bd'f» 4.

x2 RERMMBAHMHTEFTYE
Table 2 Phagocytic activity of the blood leucocytes of gibel carp

B SR R BN T E 43t

GBI B R BORIAR S 5 R 3

Ggiﬁis Days after immunization and their PP/ % Days after immunization and their PI
21d 35d 49d 21d 35d 49d
A 53.45+4.39 a 47.38+4.17 a 51,23+3.60 a 5.07£0.43 a 4.64+0.39 a 4.9610.33 a
B 49,71+4.30 a 47.391+4.39 a 48,431+4.31 a 4,82%0.50 a 4,45+0.42 a 4,911+0.38 a
C 42, 38%3.54 be 38.39%3.56 b 34,59%3.61 ¢ 4.0120. 41 be 3.56£0.39b 3.4210.34 ¢
D 44.38%3.25 ab 46.38+3.21 a 41,601+2.80 b 4.6140. 40 ab 4,4040.52 a 4.1940.40 b
E 37.35+3.43 ¢ 34,24%3.01b 31.43%+2.82 ¢ 3.751+0.41 ¢ 3.4240,37b 3.05%0.39 ¢
a 41.771+3.87 a 37.36%3.08 a 40,31%+3.14 a 4.03£0.32 a 4.08%0,. 34 a 3.9440.36 a
b 37.99%3.26 a 35.69%3.92 a 39.00%3.80 a .~ 3.75%0.28 a 3.921+0.39a 3.82+0.35a
c 31,4612, 41 be 29.23+2.44 b 26.31+£2.66 ¢ 3.1210. 29 be 2.82%0. 29 be 2.4540.24 ¢
d 35.34%2. 36 ab 30.30%+2.74 b 32.14%2.67 b 3.62+£0, 34 ab 3.2240.32b 3.05£0.33 b
e 28,98+3.08 ¢ 24,60%2.65b 22.23%+2,27 ¢ 2.79+£0.26 ¢ 2.4910.26 ¢ 2.08+0.31 ¢

DFET RSB RFHRRERBEFP<0.05), FH

Values followed by different letters in the same column are significantly different (P<<0. 05),the same afterwards

x3 RERWLSFWMMAERTHE
Table 3 Phagocytic activity of the head kidney phagocytes of gibel carp

I I 0 R BN T E 43 b

T ST B R BOFIAE R 7 TR 23

Ggi;iis Days after immunization and their PP/ % Days after immunization and their P1
21d 35d 49d 21d 35d 49d
A 48.16+4.61a , 43.961+4.29a 45,29+4.12 a 4,.75+0.44 a 4.9240.50 a 4.65+0,43 a
B 47.36%4.93 a 45,05+4.60 a 48.26+3.59 a 4.61+0.39 a 4,460, 34 ab 4,721+0.48 a
C 36.3613. 96 be 32,29%3.57 b 34,2912, 89 be 3.79%0. 40 be 3.65%0. 37 cd 3,41%0.33 be
D 42.24%3.72 ab 38.52%3.98 a 37.43%+2.80 b 4,4540. 43 ab 4,1540. 31 be 3.89£0.37 b
E 34.83%4.47 ¢ 28.09+2.05 ¢ 30.44+4.08 ¢ 3.514+0.38 ¢ 3.40+0.41d 3.04%0.40 ¢
a 34,83%+3.01 a 36.39%3.42 a 37.21%+3.91 a 3.6210.29 a 3.961+0.31 a 3.81%+0.37 a
b 35.25+2.83 a 34,43+2.88 ab 36.32+3.50 a 3.43%0.36 a 3.65%0. 31 ab 3.71+0.31 a
c 28.26%2, 20 be 27.20%3.37 cd 25.7943.37 b 2.7540. 31 be 2,980, 27 od 2.65%0. 27 be
d 32.141£2.68 ab 29. 897%2. 26 be 28.49%2.68 b 3.30%£0. 27 ab 3.2540. 24 be 3.05£0.32b
e 25.34%+2,92b 22.06+2.40d 23.36%3.30 ¢ 2.31£0.34 ¢ 2.6310.30d 2.231+0.25 ¢

22 FAFRXREREMEEEEREEARm
IR 1 FIE 2 iR, SBEH A H B Xt IR
HE R REA -, WE 21 XIT, 7R
K4 E.e.C.c 8KV B BTE  B 3F8 T M BLFDR
Xt IR, D‘déﬂ%%ﬁﬁﬁﬁﬁ%iﬁl‘%ﬁ,ﬁﬁ 49
KA, BERTF AR FE R XA, B, b 44 R A
B3t R4 Zlﬁjfﬁﬁtﬂﬂliﬁﬁﬁ I I

il 1 3 b TR TR X T ) 8% MR A ) A R 0 S
Xt B4 .

LIy =

23 TR ER@MEFIME(C3,C4) S RAIFM

ZERINE 4 BN, Mg #ME C3 F1 C4 BAE{LHL
B3, R AR g N BA AL LR AL,
521 RIFR, ARHAK 4 E.e.C.c HI C3.C4 &
B BEHE TR BA, 5 49 X,D.d
Hiy C3.C4 SR BEWMM TR R XTEA., B.b
AR R AT EE KRB EER ., B
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SRR B 21 35 49
Days after immunization %&)‘F Eﬁkﬁ/d
O
OAZGroupA  BB#GroupB RCHGroup C Days after immunization
@DA GroupD  SEHGroup E Oa# Groupa Bb# Groupb Bcf Groupe
Rd#f Group d e Group e
Bl SRAREREANOFIHEELE" P
Fig.1 Serum lysozyme activity in the immunized groups B2 &BxRARSHEHYMEFREMmEMY
[¢]
DEEFFREARERESBEP<0.05, TR Fig.2 Serum lysozyme activity in the
The different letters mean significantly difference non-immunized control groups
(P<C0. 05) , the same afterwards
F£4 RERBPYOLFNME(C,CLHER
Table 4 Content of serum complement (C3,C4) of gibel carp
il SR RBCRVARRE C3 M9 A R /(g + L) GARETIAI C4 (98 & /(g + L)
G’ﬁ Days after immunization and their content of C3 Days after immunization and their content of C4
roups
P 214 35d 49 d 21d 35d 49 d
A 0. 341+£0, 033 ab 0.363+0.037 a 0.335+0. 026 a 0.256%0,031 a 0.215+0,033 a 0.234+0.034 a
B 0, 3221£0. 026 ab 0.341+0.026 a 0.319740. 031 ab 0.225+0.025 a 0. 19540, 025 a 0.209%0, 031 a
C 0. 28440, 029 be 0.24440.021 b 0. 267210, 027 be 0. 163740, 019 bc 0. 13410, 020 be 0.121£0.026 b
D 0. 33510, 045 ab 0. 30810. 033 a 0.278%0.033 b 0, 20640, 030 ab 0.154+0,022 b 0.184+0.031 a
E 0.268740.021 ¢ 0.22940.027 b 0.216=40, 020 ¢ 0.138%0.022 ¢ 0. 098+0, 013 ¢ 0.113£0.020 b
a 0, 23040, 027 a 0,257£0.024 a 0.267%0, 037 a 0,17140.030 a 0, 14840, 026 a 0,137+£0.016 a
b 0.241+£0,023 a 0.250%0.021 a 0.23740.024 a 0.162740,023 a 0, 129+0. 022 ab 0.148+0,024 a
c 0.174£0.024 b 0. 194740. 023 bc 0. 181£0. 022 be 0.11530, 016 be 0. 080+0. 013 ¢ 0.06840.015 b
d 0. 220%0. 028 ab 0. 233%0. 025 ab 0.20340.025 b 0. 15140, 020 ab 0, 107£0. 016 be 0.08840.013 b
e 0.147+0.019 b 0.163£0. 026 ¢ 0. 14040, 026 ¢ 0.09310,018 ¢ 0.07940.021 ¢ 0.061+0.012 b

24 FHHMMZEMMBRER@MOEFRRER 5 Pn. E580E4H T, BENBANELEES

W RiFE £
P BEEHUARU R B S5 B9 S R FR ANk

(1:

21 Rig, ARG B8 TR, LI A HEEDTEMRM

204, DEE, KR B4 £ 194, 0), HEHAH

®5 REARENFRPREREANNBEEZHRERPE

Table 5 Agglutinating antibody titers in serum and RPS of gibel carp after challenge

5l B B
Groups Days after immunization and their agglutinating antibody titers Mortality and RPS of gibel carp after challenged
21d 35d 49 d FET-% Mortality/ % SRERYHE RPS/ %

A 1: (128~512)[294.1] 1 (128~512)[256,0] 1: (64~256)[128, 0] 13.3 81.9
a 13 (<4~8)[4. 6] 1: (<4~8)[4] 1 (<<D[<4] 73.3 _
B 1: (128~256)[194.0] 1°: (128~256)[168.91 1: (64~128)[97.0] 20.0 75.0
b 1 (<4~8)[4] T1 (<A~ 4] 1: (<D[<4] - 80.0
C 1: (64~256)[128.0] 1: (64~128)[84.5] 1: (32~64)[48.5] 33.3 61.6
c 1: (<4~[<4] 1 (<[<4] 1: (<D[<4] 86.7
D 1: (128~256)(168.9] 13 (64~256)(111.4] 1:(32~128){73.5] 26.7 66. 7
d 1: (<[<4] 1: (<[<4] 1: (<D[<4] 80.0
E 1 (64~128)[97. 0] 1: (32~128)[64. 0] 1: (16~64)[32.0] 46.7 49.9
e 1 (<D[<4] 1: (<H[<4] 11 (<D[<4] 93.3

D EE RN IS (n=5); K EWF A BN 15 B Figures in square brackets indicates geometric average value (n=5);
15 fish of each group were challenged with live Aeromonas hydrophila
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B CHHEW, 45K 1:97.0.1: 128.0, K%K
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Effects of Rapeseed Meal on the Ability of Immune Response of
Gibel Carp (Carassius auratus gibelio)

ZHAO Fei® WU Zhi-xin? PANG Su-feng” PENG Jian® NIE Pin® CHEN Xiao-xuan”
(P College of Fisheries , Huazhong Agricultural University ,Wuhan 430070,Chinas
2 College of Animal Science and Technology » Huazhong Agricultural University ,Wuhan 430070,China;
Y Institute of Hydrobiology ,Chinese Academy of Sciences ,Wuhan 430072 ,China)

Abstract The experimental fishes were divided into ten groups according to different feedstuff and
whether or not immunized. Groups of A,B,C,D,E were formulated as the immunized groups and groups
of a,b,c,d, e as the non-immunized control groups. A (a) groups contained 0% DLRM (double-low
rapeseed meal) and 0% CRM (common rapeseed meal). Soybean meal and fish meal were used as basic
protein sources,which were formulated as the control groups, The test groups were formulated to isoni-
trogenously replace the 50% (B,b; D,d) and 100% (C,c; E,e) soybean meal protein in A (a) groups
with DLRM or CRM, respectively. The possible effects of diets on phagocytic activity of the blood leuco-
cytes and head kidney phagocytes, serum lysozyme activity, content of serum complement (C3,C4), ser-
um agglutinating antibody titers,relative percent survival were evaluated. Results showed that from the
21th day after immunization, these immunity indexes in E (e) groups and C(c) groups were much lower
than that in A (a) groups. In the 49th day, these partial immunity indexes in D(d) groups were also sig-
nificantly lower than that in A (a) groups. During the experimental period, these immunity indexes in B (b)
groups remained unchanged and no significant differences with that in A (a) groups were observed. These immu-
nity indexes of gibel carp in the immunized groups were significantly higher than that in other non-immunized
control groups fed by the same feedstuff.

Key words double-low rapeseed meal; common rapeseed meal; Carassius auratus gibelio; immune

response
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