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( )
; Real-time PCR
1 sample protector (TaKaRa)
1.1 -80°C
( 1.3
22°26'48"; 113°1522") , 6
1.5 m, 6 5 ,
100 m*> 300 (Total antioxidative
6 > ) capacity, T-AOC) (Superoxide
(9:00  18:00) dismutase, SOD) (Malondialdehyde,
, 6 , MDA) 6
3 s
(Formula feed, FF, , 903 ), T-AOC SOD MDA
24h (Glutathione, GSH)
(Faba bean, FB), (9:00 18:00) 1.4 TP ALB GLB
2012 7 2012 11 6
1 , ADVIA 2400
1.2 (Total protein, TP) (Albumin,
3060 100 ALB) (Globulin, GLB)
6 , MS-222 15 RNA
( 2 ) 6
( ) , RNAiso Plus (TaKaRa)
’ RNA, RNA ODy¢0
( 100d RNA s 1 pg RNA PrimeScript RT
’ reagent Kit with gDNA Eraser (TaKaRa) DNA
1 ) , cDNA-20C
3500 r/min 15min 1.6 PCR
’ > Primer premier 5.0
*1 BEESEEABMENARS (EHEHREE, n=3)
Tab. 1 Proximate composition of formula feed and faba bean (Mean+SD, n=3)
24h ( )
Composition Commercial formula feed Faba bean Faba bean soaked for 24h
Crude Protein content (%) 30.21+£0.20 27.74+0.72 25.57+1.75
Crude Lipid content (%) 6.33+0.28 1.26+0.13 1.40+0.08
Ash content (%) 8.1£0.32 2.78+0.21 2.86+0.13
*2 FBHHESTHRAEMKREKe FHESRAER, n=3)
Tab.2 Body weight of fish at every sampling point (kg, Mean+SE, n=3)
Rearing time (d)
Diet 0 30 60 100
FF 1.85+0.04 2.13+0.08 2.37+0.02 3.15+0.12

FB 1.86+0.02 2.00+0.03 2.11+0.06 2.45+0.09
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( 3), PCR PCR 95°C 5min, 95°C 5s
Real-time PCR Real-time PCR 30s 72°C 30s 40 R
Rotor-Gene Q(QIAGEN) , 3 PR

SYBR Premix Ex Tag II (TaKaRa)

# 3 Real-time PCR F TG4
Tab. 3 Primers used in Real-time PCR

NCBI
Primer Sequence (5'-3") Annealing temperature (C) Accession number
p-actin-F GATGATGAAATTGCCGCACTG
57 M25013.1
p-actin-R ACCGACCATGACGCCCTGATGT
IL-15-F GAGAGACGGAAACAGCGAT
57 JX014320.1
IL-18-R TTCAGTGACCTCCTTCAAGAC
MHC 1Ip-F TTGTGGGGTTTACAGAGTTTGG
57 JF436931.1
MHC II5-R TTGATTGGTTGAGGGTAGAAG
TNFa-F CATCCATTTAACAGGTGCATAC
57 JQ670915.1
TNFa-R GCAGCAGATGTGGAAAGAG
IFN 1-F CTGAAGGAAATGGGTGGAAAAT
57 DQ357216.1
IFN 1-R TTATGTGATGGCTGGTATCGG
1.7 GSH FF (P<0.05); 30d
100d t , FB GSH
FF (P<0.05); FB GSH
SPSS 17.0 ) 60d 30d (P>0.05)
Duncan 2.2
2 ° ’
T-AOC MDA SOD  (P<0.05) 100d
2.1 T-AOC 60d 30d  (P<0.05), 60d
4 : T-AOC 30d  (P<0.05); 100d
T-AOC SOD MDA  GSH (P<0.05) MDA 60d (P>0.05),
: 100d T-AOC SOD 30d (P<0.05); 100d SOD
MDA  GSH 60d  (P<0.05);  30d (P>0.05), 60d
60d T-AOC MDA (P<0.05) SOD
30d  (P<0.05), SOD 30d (P>0.05), T-AOC MDA
(P>0.05), GSH 30d (P<0.05) FB T-AOC
(P<0.05); 100d T-AOC SOD FF (P<0.05), MDA
GSH 30d  (P<0.05) FF (P<0.05)
T-AOC MDA  GSH T-AOC SOD
(P>0.05), SOD (P<0.05) 100d FB
(P<0.05), FB SOD FF T-AOC
FF (P<0.05) (P>0.05); 100d FB SOD
SOD FF (P<0.05); 60d FB
GSH (P<0.05) : 100d SOD FF
: FB SOD (P<0.05); FF 60d T-AOC
FF (P<0.05); 60d , FB 30d 100d T-AOC (P>0.05);
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F4 WREFEEIVNESFRERELENOZEEEELHRER, n=3)
Tab. 4 Effect of feeding faba bean on antioxidant ability in liver of grass carp (Mean=SE, n=3)

T-AOC MDA SOD GSH
Rearing time Diet (U/mg prot.) (nmol/mg prot.) (U/mg prot.) (mg/g prot.)
30d FF 0.32+0.03" 14.03+1.35 142.20+6.34° 6.62+0.12¢
FB 0.34+0.02° 16.74+1.65 198.07+4.51¢ 5.18+0.38°
60 d FF 0.37+0.01° 24.17+4.72 151.09:6.44° 2.90+0.17°
FB 0.58+0.11° 33.53+5.18 203.59+7.31¢ 4.8340.40°
100d FF 0.23+0.02° 10.98+0.94 105.56+4.41° 2.07+0.13°
FB 0.20+0.05° 8.64+1.25 83.08+2.72° 1.99+0.05"
Main effect
30d 0.33+0.02° 15.39+1.13% 170.13£12.97° 5.90+0.37°
60d 0.47+0.07° 28.85+3.77° 177.34+12.23° 3.86+0.47°
100d 0.22+0.02° 9.81+0.87° 94.32+4 88" 2.03+0.06
FF 0.310.02 16.39+2.46 130.21+7.37° 3.86+0.70
FB 0.37+0.06 19.64+4.00 153.73£19.33° 4.00+0.53
P P value
0.001 <0.001 <0.001 <0.001
0.136 0.218 <0.001 0.508
x 0.081 0.201 <0.001 <0.001
, (P<0.05);

Note: Means with different superscripts are significantly different (P<0.05); the same applies bellow

5 EARBEXNEEMBERFLENHZWEREHRER, n=3)
Tab. 5 Effect of feeding faba bean on antioxidant ability in serum of grass carp (Mean+SE, n=3)

Rearing time Diet T-AOC (U/mL) MDA (nmol/mL) SOD (U/mL)
30d FF 6.07+0.29" 8.55£0.15 40.43+7.24%
FB 8.19+0.14¢ 8.01+0.33 45.84+2.73¢
60d FF 5.24+0.26™ 7.01£0.31 34.06+4.33%
FB 6.63+0.46° 6.50+0.84 12.22+1.60°
100d FF 5.03+0.34° 8.36+0.73 28.61+2.79°
FB 5.02+0.34° 5.98+0.20 44.39+2.64°
Main effect
30d 7.13£0.43° 8.28+0.20° 43.13+3.66°
60d 5.93+0.36° 6.75+0.43" 23.14+5.30°
100d 5.02+0.22° 7.17+0.57° 36.50+3.93"
FF 5.45+0.21° 7.97+0.31° 34.36+3.08
FB 6.61+0.43° 6.83+0.38° 34.15+5.61
P P value
<0.001 0.019 0.001
<0.001 0.012 0.949
x 0.012 0.130 0.001
FF SOD 30d 60d 100d GLB (P>0.05),
(P>0.05) TP ALB GLB (P<0.05)
2.3 TP ALB GLB FB TP ALB GLB
FF (P<0.05)

6 , TP ALB TP ALB GLB
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(P<0.05) 60d FB FB 60d TP GLB
TP ALB GLB FF 30d 100d  (P<0.05); FF
(P>0.05); 30d FB 60d ALB 30d 100d
GLB FF (P>0.05); (P<0.05)

xo FMABATEMFLERD. KEQNOEA D 2(THELHREIR, n=3)
Tab. 6 TP, GLB and ALB in serum of grass carp (Mean+SE, n=3)

Rearing time Diet TP (g/L) ALB (g/L) GLB (g/L)
30d FF 35.16+1.42° 12.40+0.56° 22.76+0.88"
FB 29.92+1.36° 10.44+0.31° 19.48+1.10™
60d FF 33.474£1.91% 10.80+0.65° 22.67+1.27%
FB 35.70+1.65° 11.47+0.48% 24.23+1.17°
100d FF 37.83+0.81° 12.87+0.35° 24.97+0.48°
FB 28.83+1.13" 10.47+0.38° 18.37+0.78°

Main effect

30d 32.54+1.27 11.42+0.44 21.12+0.86
60d 34.58+1.23 11.13+0.39 23.45+0.85
100d 33.33+2.11 11.67+0.58 21.67+1.53
FF 35.43+0.93" 12.09+0.39° 23.34+0.59°
FB 31.20+1.15° 10.73+0.24° 20.47+0.94
P P value
0.394 0.614 0.102
0.005 0.008 0.006
x 0.010 0.019 0.009
0.20
24 R . P=0.432 [ FF
0.18F falk}. P=0.017 E=] FB
016 i) <4} . P=0.272
100d S
7 100d FB g o1 —1E
el
’ £ 012 . ‘1[
5
2010
FF (P<0.05) % 008
Ry
2.5 § 0.06
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(P>0.05); 0.02
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(P<0.05), FB FF 30 60 100
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. 9
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Fig. 1 Effect of feeding faba bean on spleen index of grass carp

£7 F%100d HAMEASEE MEIARNERARRyE  (eansSE T3

(EHELHRAEIR, n=3)
Tab. 7 RBC and WBC of grass carp after rearing for 100 days 2.6
(Mean+SE, n=3)

Variable FF FB -1B (Interleukin-1p,

RBC (x10'%/L) 2.62+0.02° 3.07£0.04° IL-1p) (Major histocom-
10 a

WBC (x10'°/L) 7.68+0.17 8.64+0.03" patibility complex —, MHC ) (Interferon-
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1, IFN-1) -o(Tumor necrosis factors, IL-1f MHC
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IFN-1  TNF-o FF (P>0.05); 100d , MHC FB
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Fig. 2 Transcriptional levels of IL-1f TNF-o MHC
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EFFECTS OF FEEDING WITH FABA BEAN (VICIA FABA) ON THE
ANTIOXIDANT CAPABILITY AND IMMUNE FUNCTIONS OF GRASS
CARP (CTENOPHARYNGODON IDELLU)

WU Kang"*?, HUANG Xiao-Sheng*, JIN Jie-Nan" 2, LI Nan* and ZHANG Xue-Zhen'*?

(1. Fisherise College, Huazhong Agricultural University, Wuhan 430070, China; 2. Freshwater Aquaculture Collaborative Innovation
Center of Hubei Province, Wuhan 430070, China; 3. Institute of Industrial Crops, Hubei Academy of Agricultural Sciences, Wuhan
430064, China; 4. Fisheries Technical Extension Center of Zhongshan City, Zhongshan 528403, China)

Abstract: Crisp grass carp is a common name for Ctenopharyngodon idellus that is fed with faba bean (Vicia faba) for
100 days and thus has improved flesh quality, flexibility and mastication properties compared to grass carp fed with
regular formula. To better understand the changes in the physiology of crisp grass carp, we explored and compared the
antioxidative status and immune functions of crisp grass carp (grass carp fed with faba bean, FB) and common grass
carp (grass carp fed with formula feed, FF). Both the FB and FF groups were reared for 30 days, 60 days and 100 days
before sampling. The results showed that FB markedly affected the SOD activity in the liver, and T-AOC and MDA in
the serum. However, it had little impact on T-AOC and MDA in the liver, GSH in the liver, and the SOD activity in the
serum. Fish fed with FB possessed higher antioxidative capability than those fed with FF when tested on the 30th and
the 60th day; however on the 100th day the antioxidative capabilities of the two groups were similar. On the 100th day
WBC and RBC of the FB group were significantly higher than those of the FF group. On the 30th and the 100th day
levels of TP, ALB and GLB in the serum were significantly decreased by feeding with FB compared to the FF group. In
the contrast, there was no difference in the serum TP, ALB and GLB between the two groups on the 60th day. The spleen
index and the transcription of some immunity-related genes in the spleen could also be altered by diet. On the 100th day,
the transcription of IL-1f, MHC , IFN-1 and TNF-a in the spleen of the FB group was significantly higher than that of

the FF group. These results indicated that antioxidative capability of grass carp could be initially enhanced by feeding
with faba bean, followed by a decrease to the level of grass carp fed with formula feed. The immune functions of grass

carp could also be changed by feeding with faba bean.

Key words: Ctenopharyngodon idellu; Vicia faba; Crisp grass carp; Antioxidant capability; Immune function



