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Tab. 1 Formulation and chemical composition of experimental diets
Ingredient Cont HP HC HL HE
Fish meal (Peru) 26.00 29.50 18.00 18.00 18.00
Brown fish meal (Russia) 26.00 29.50 18.00 18.00 18.00
Soybean meal 10.00 10.00 10.00 10.00 10.00
a- a-starch 6.00 6.00 6.00 6.00 6.00
Corn starch 9.00 6.30 27.80 6.70 22.00
Fish oil 3.00 2.10 2.30 7.00 8.00
Soybean oil 3.00 2.10 2.30 7.00 8.00
Vitamin mixture' 0.50 0.50 0.50 0.50 0.50
Mineral mixture? 5.00 5.00 5.00 5.00 5.00
Choline chloride 0.11 0.11 0.11 0.11 0.11
CMC 2.00 2.00 2.00 2.00 2.00
Cellulose 9.39 6.89 7.99 19.69 2.39
Total 100.00 100.00 100.00 100.00 100.00
Chemical composition (% Dry matter)
Dry matter 97.17 97.76 97.60 97.83 97.98
Crude protein 42.78 47.21 31.38 31.45 31.35
Crude lipid 10.71 9.65 7.36 17.38 19.61
Ash 12.75 13.99 10.16 10.08 10.12
Gross energy 17.42 17.68 16.74 16.98 20.33
Digestable energy (kJ/g) 14.70 14.71 14.71 14.71 18.03

1

Vitamin K3, 10; 2

Vitamin premix (mg/kg diet): thiamin, 20; riboflavin, 20; pyridoxine, 20; cyanocobalamine, 2; folic acid, 5; calcium
patotheniate, 50; inositol, 100; niacin, 100; biotin, 5; starch, 3226; Vitamin A (ROVIMIX A-1000), 110; Vitamin D3, 20; Vitamin E, 100;

Mineral premix (mg/kg diet): NaCl, 500; MgSO,-7H,0, 7500; NaH,PO,-2H,0, 12500; KH,PO4, 16000;

Ca(H,P0O,),-H,0, 10000; FeSO,, 1250; CcH;0CaO4-5H,0, 1750; ZnSO,4-7H,0, 176.5; MnSO4-4H,0, 81; CuSO,4-5H,0, 15.5; CoSO,4-6H,0, 0.5;
KI, 1.5; starch, 225
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) , (3 cmx20 cm) (W2,
(NQC)(  1b) 10 ( 1o ), ( , 147886,
L" © , 100 ); a ) Skg 50s
; ; ; (W3,
b , , ) =100 ( -
(CIE, 1976), CR-400  WSC-S )/ , LHC=100>=<(W2-
W3)/W1
AE Chroma 1.9 (Maleic dialdehyde, MDA)
(C"a), AE =[(AL)*+(Aa)*+(Ab)*]" (Hydroxyproline HYP)
Cw=(@%+b™?", Cab (MDA)
1.7 (HYP)
(TPA) ) 3 )
TA1XT2i/25 (Stable Micro Systems, Surrey, UK) ( 1lc-B) 5¢g,-18C R
, 36 cm 5 kg 15
(P/36R)
NQC 1 cm (  1b-A) , 1.10
1 ecm*(1 emx1xemx1 cm) STATISTICA Version 6.0 5
1 mm/s 60% , (One-way
1 3 6 ANOVA) , (Duncan’s multiple range
,7 Gines, et al. (81 test) , P <0.05
1.8 (LHC)
(Liquid holding ca- 2
pacity, LHC) NQC (20 2.1
mm»20 mmx3 mm) (W1, ), HKAEBF A 2
%2 BETEERNBIEFREKWERE KMEARF PP EARER)

Tab. 2 Growth and feed utilization of the tank reared Chinese longsnout catfish fed different diets (mean+SE)

Cont HP HC HL HE
'IBW (g) 81.1£0.6 81.1£0.4 80.9+0.2 80.2+0.2 80.9+0.2
*FBW (g) 108.6+24.4° 163.8+9.0° 54.0+0.5° 98.2+8.3° 120.7+7.3°
3SGR (%/d) 0.110.12° 0.34+0.02° —0.19+0.00* 0.09+0.04° 0.19+0.03%
*FR (%bw/d) 0.77+0.08° 0.91+0.01° 0.55+0.02° 0.84+0.04° 0.89+0.06"
FE (%) 23.1+30.5° 73.4+£4.2° —73.3£3.9° 22.4+8.5 44.1+7.1%
PRE (%) 4.43+13.63" 21.53+0.36° —44.24£1.60" 5.47+6.96° 21.61+£7.31°
K 1.30+0.06™ 1.40£0.06° 1.1440.08" 1.54+0.11° 1.44+0.06"
SYeild (%) 93.5+0.2° 93.2+0.5° 93.7+0.3° 91.5+0.5° 91.1+0.9"
(P < 0.05); 1 IBW (g): ;2 FBW (g): ;3 (%/d)=100x((In
—In ) ), 4 (% /d): 100x n x( + )2]; 5 (%) = 100x /
;6 (%):=100x( - ) 37 =100x  / 38
=100x /

Note: Means with different superscripts are significantly different (P < 0.05); 1 IBW (g): initial body weight; 2 FBW (g): final body weight; 3
SGR (%/d): specific growth rate = 100x((InFBW — InIBW )/feeding days); 4 FR (%bw/d): feeding rate = 100xdry feed intake/[feeding days
x(FBW+IBW)/2]; 5 FE (%): feed efficiency = 100x wet weight gain/dry feed intake; 6 PRE (%): protein retention efficiency=100x(final
body protein-initial body protein)/protein intake; 7 K: condition factor= 100xfork length/Body weight’; 8 Yield: 100xcarcass weight/body

weight
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Fig. 2 Effect of different diet formulations on the water distribu-
tion in head, dorsal, ventral, tail and viscera of whole fish tissue
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Fig. 3 Effect of different diet formulations on the lipid distribu-
tion in head, dorsal, ventral, tail and viscera of whole fish tissue
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Fig. 4 Effect of different diet formulations on the protein distribu-
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Tab. 3  Variation of skin colour of Chinese longsnout catfish fed different diets at the end of first feeding period and after 10 days food
deprivation (mean+SE)

Parts Diet L 23" p” 4AE ’cT
Cont 26.4+0.8 1.10£0.09 ~1.97+0.21* 26.4+0.8 2.33+0.15
HP 25.3+0.4 1.10£0.08 —2.37+0.19° 25.240.4 2.66+0.14
At the end of HC 27.2+1.2 1.27+0.08 ~1.09+0.33¢ 27.1£1.2 1.98+0.13
feeding period HL 25.340.4 1.1240.07 1.89+0.19% 25.3%0.4 2.25+0.14
Dorsal HE 26.6+1.0 1.2240.13 ~1.55+0.35% 26.5+1.0 2.2940.13
Cont 25.3+0.6 0.974+0.077 ~1.82+0.21 25.3+0.6 2.09+0.19
10 HP 28.5+1.1 0.913+0.123 —1.50+0.21 28.5+1.1 1.90+0.11
Food deprivation
after 10 days HL 26.9+0.9 1.058+0.124 ~1.51+0.18 26.9+0.9 1.92+0.13
HE 27.0+0.7 1.144+0.123 ~1.32+0.18 27.0+0.7 1.87+0.09
Cont 46.5+2.6 2.10£0.21% 0.526+0.245 46.542.6 2.30+0.22°
HP 42.3+2.7 1.5740.17° 0.519+0.453 42.342.7 2.15+0.22°
At the end of HC 47.0+3.9 1.78+0.14* 0.238+0.453 46.9+3.9 2.33+0.16"
feeding period HL 43.4+2.1 2.21£0.11% 0.311+0.327 43.442.1 2.47+0.14%
Belly HE 46.4+2.4 2.4140.16° 1.207+0.389 46.3+£2.4 2.92+0.25"
Cont 50.9+3.8 1.96+0.14 1.44+0.36 50.8+3.8 2.55+0.26
10 HP 53.4+2.7 1.79+0.25 1.53+0.38 53.4+2.7 2.63+0.28
Food deprivation
after 10 days HL 52.143.5 2.1740.17 1.52+0.54 52.0+3.5 3.01£0.37
HE 51.0+2.6 2.54+0.37 2.01+0.38 50.9+2.6 3.52+0.33
Cont 35.2+1.6 1.62+0.12 ~0.235+0.282 35.1+1.6 1.86+0.13
HP 35.6+2.0 1.80+0.09 ~0.105+0.186 35.6+2.0 1.89+0.10
At the end of HC 33.6+1.3 1.88+0.14 ~0.239+0.229 33.5+1.3 2.04+0.13
feeding period HL 34.5¢1.4 2.16+0.29 20.0520.262 34.5+1.4 2.35+0.27
Tail HE 34.7+0.9 1.80+0.14 0.098+0.228 34.7+0.9 1.94+0.15
Cont 36.242.1 1.59+0.16 —0.464+0.229 36.2+2.1 1.78+0.13
10 HP 39.8+2.2 1.61+0.18 0.355+0.377 39.8+2.2 2.06+0.19
Food deprivation
after 10 days HL 39.2+2.6 1.85+0.19 —0.034+0.192 39.2+2.6 1.95+0.18
HE 37.1%1.6 1.85+0.14 ~0.298+0.233 37.0+1.6 2.03+0.13
(P < 0.05) Means with different superscripts are significantly different (P < 0.05); 1 L"=
Lightness; 2 a'= Redness; 3 b'= Yellowness; 4 AE = [(L"Y*+@"*+ (bH4"% 5 C'= [@"+(0"1"% The same
below
(Gumminess) , (Resilience) ,
(P < 0.05), HP Cont HL
HE , ( 06
(Chewiness) ZIK A (LHC) 7
(Adhesiveness) , Bfs
, (P < (P>0.05), HP
0.05) 2.3

(Cohesiveness) (Springiness) KERAE 4
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Tab. 4 NQC-B flesh colour of fresh fish, fish frozen for tank reared Chinese longsout catfish fed different diets (mean+SE)

Test time Cont HP HL HE
Fresh 47.5+1.0 44.2+1.0 45.7+1.7 45.8+1.1
Frozen 1d 51.24+0.7 50.6+0.6 50.94+0.6 51.6+0.6
Frozen 3d 46.5+1.1° 48.5+0.7 ©° 48.7+1.0 51.1£0.6 °
' Frozen 6d 49.9+0.6 49.8+1.4 51.1%1.2 51.3+0.6
Frozen 14d 49.8+0.5 49.7+0.7 50.3+0.8 50.4+1.1
Fresh ~3.3240.12 ~2.96+0.07 ~2.91%0.18 ~2.95+0.22
Frozen 1d ~2.49+0.21 ~2.85+0.14 ~2.71%0.16 ~2.98+0.06
Frozen 3d —2.56+0.18 * -3.18+0.09 ° —2.9240.13 ® -3.15+0.22°
‘a’ Frozen 6d 23.04+0.31 _2.8140.34 3.1240.47 3.17+0.18
Frozen 14d ~3.1240.12 ~3.2340.15 ~3.1240.21 ~3.34+0.21
Fresh ~1.85+0.27 ~2.63+0.37 ~1.71£0.34 ~2.87+0.44
Frozen 1d 0.30+0.45 0.12+0.42 ~0.05+0.54 0.33+0.46
Frozen 3d ~0.16%0.52 ~0.44+0.48 0.75+0.46 0.63%0.52
b’ Frozen 6d 1.730.47 1.85+0.45 1.55+0.61 2.24+0.34
Frozen 14d 1.1340.34 ® 0.17+0.42° 1.68+0.44° 1.05+0.18*
Fresh 47.3+1.0 44.1+1.0 45.6+1.7 45.7+1.1
Frozen 1d 51.1£0.7 50.5+0.6 50.8+0.6 51.5+0.6
Frozen 3d 46.4+1.1° 48.4+0.7® 48.6+1.0 51.0+0.6°
‘AE Frozen 6d 49.7+0.6 49.6+1.4 50.9+1.2 51.1x0.6
Frozen 14d 49.6+0.5 49.6+0.7 50.1+0.7 50.3+1.1
Fresh 3.83+0.20 4.01+0.27 3.47+0.26 4.13+0.44
Frozen 1d 2.85+0.12 3.08+0.16 3.00+0.20 3.17+0.08
Frozen 3d 2.89+0.22 3.47£0.11 3.25+0.11 3.36+0.29
et Frozen 6d 3.74+0.11 3.60+0.26 3.95+0.15 3.95+0.27
Frozen 14d 3.43+0.15 3.42+0.13 3.71+0.24 3.53+0.22
2000 ¢ . 9 o X cont & @ HP o @i HL & #ifiE HE
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& JJEEhTE Gumminess (g) el 0 T b
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Fig. 6 Relationship between hardness, chewiness and adhesive-
ness of fresh flesh in control
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Fig. 7 Effect of different diets on content of liquid holding ca-
pacity (LHC) in dorsal muscle of fresh flesh and frozen of tank
reared Chinese longsnout catfish

(P <0.05
Bars with different superscripts are significantly different (P <
0.05)
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Tab. 5 NQC-A texture of fresh flesh frozen flesh for tank reared Chinese longsnout catfish fed different diets (mean+SE)
Test time Treatments  Cohesiveness Hardness Springiness Resilience  Adhesiveness Gumminess Chewiness
Cont 0.363+0.022 1218+130%  0.445+0.021 0.275+0.016 1.97+£0.25 458+77° 200.8+31.9
HP 0.333+0.020 1535£211°  0.418+0.026  0.313+0.042 3.08+0.69 506+78° 197.6+26.7
Fresh HL 0.294+0.015 1170£149%  0.427+0.022  0.264+0.009 3.15+0.56 329+34% 142.0+£16.4
HE 0.316+0.025 788+57° 0.410+£0.026  0.262+0.010 3.56+0.72 246+21° 100.1£9.4
Cont 0.305+0.016 767+£72° 0.347+£0.018  0.251+0.029 2.35+0.36% 229.7+21.0° 77.9+6.9*
HP 0.283%0.015 1244£151°  0.348+0.017  0.219+0.011 2.85+0.32° 351.9+46.0° 119.0£14.1°
Frozen 6h HL 0.311+0.022 841£106° 0.338+0.015 0.224+0.013 2.3420.39™ 247.5£30.0° 83.5+11.3°
HE 0.278+0.022 740+116*  0.328+0.019  0.220+0.017 0.82+0.86" 194.0+26.4" 64.5+9.6"
Cont 0.464+0.010 131.0£11.4  0.440+0.013  0.126+0.004 23.6+2.7 60.8+5.7 27.1+£2.9
HP 0.464+0.013 138.7£18.3  0.441£0.015 0.124+0.004 21.0+£2.3 61.9+6.9 28.1+3.7
Frozen 1d HL 0.481+0.022 125.2+16.3  0.443£0.020 0.133+0.002 20.3+2.8 57.1+5.7 25.7+3.1
HE 0.446+0.018 142.8421.5 0.448+0.028 0.134+0.003 20.2+2.8 62.9+9.3 29.6+6.3
Cont  0.420+0.014 162.8424.9  0.419£0.017 0.117£0.003®  17.122.9°  66.9£10.1°  28.0+4.4°
HP 0.450£0.010  114.0£11.5 0.407+0.023  0.123+0.005  16.8£1.5°  50.0+4.3" 20.4+2.1°
Frozen 3d HL 0.445+0.013 91.249.4 0.397+0.011  0.127+0.005" 10.3+0.6" 39.5+3.5% 15.9+1.6°
HE 0.426+0.013 110.3£11.9  0.452+0.015 0.109+0.005" 12.4+1.0°  46.0+4.3" 20.8+2.1%
Cont 0.471£0.013* 64.4+6.2 0.329+0.015  0.134+0.006 9.70+1.42% 29.65+2.40 9.90+0.98
HP 0.498+0.020 66.2+10.7  0.452+0.125 0.135+0.013 10.24+1.97* 32.19+4.53 12.19+1.88
Frozen 6d HL 0.510+0.014° 69.6+5.4 0.353£0.012  0.143+0.006 14.26+2.44° 34.95+2.22 12.56£1.11
HE 0.463+0.008" 67.3£5.1 0.377+0.013  0.131+0.003 7.10+£0.63" 31.00+2.31 11.83£1.12
Cont  0.434+0.029 93.2+7.2°  0.383x0.016 0.118+0.007  16.42+2.14° 39.0+2.2°  14.85£0.90
HP 0.443+0.014 61.9+4.6"  0.356+0.013  0.130+0.005 10.66£1.90° 27.1£1.6° 9.71+0.78*
Frozen 14d HL 0.437+0.009 65.9+5.0"  0.352+0.013 0.136+0.006 9.53+1.8%  28.8+2.2° 10.24+0.97°
HE 0.456+0.025 56.3£6.2"  0.353+0.021  0.130+0.009 9.60+£0.90* 25.0+2.4" 9.04+1.21*
(P <0.05)
Note Means with different superscripts are significantly different (P < 0.05)
R 6d R R HP HL
a KERERRKA 7
KA IE AR 5 s 1d
Bfs 6h 1d 3d 6d 14d . (P < 0.05),
( 1,NQC-A) (P >0.05)
> > >
14d 1d (P >0.05)
; KERBEAZRBEERHYP) 1A= (MDA)
6h HP , HE 28 8 8
(P < 0.05),
, Cont HP HC
1d , 6h 3d s HE , HL (P<0.05)
6d (P <0.05), HE , HC HL Cont ,
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EFFECT OF DIET FORMULATION ON THE GROWTH PERFORMANCE AND
QUALITY OF TANK REARED CHINESE LONGSNOUT CATFISH (LEIOCASSIS
LONGIROSTRIS GUNTHER)

LIU Ming'?, ZHU Xiao-Ming', LEI Wu', HAN Dong', YANG Yun-Xia' and XIE Shou-Qi'*?

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan 430072; 2. Graduate University of the Chinese Academy of Sciences, Beijing 100049; 3. Aquaculture Divisions,
E-Institute of Shanghai Universities, Shanghai, 200090 China)

Abstract: A 90 day growth trial was conducted to investigate the effect of different diet formulations on the growth
performance and flesh quality of tank reared Chinese longsnout catfish (Leiocassis longirostris Giinther). Five diets
were formulated: Cont: the control or the normal diet used for the fish; HP: high protein diet; HC: high carbohydrate
diet; HL: high lipid diet; HE: high energy diet. The results showed that HC diet effected in negative growth while HP
diet showed the highest specific growth rate (SGR) and feed efficiency (FE). Body water content changed in opposite
direction of body lipid, and was the highest in fish of HL diet, than HE diet, and the lowest in HP diet. Most of the fish
lipid was accumulated in viscera and was higher in HL and HE fed groups, which lead to significant lower yield and
caused more amount of muscle maleic dialdehyde (MDA). At the end of feeding experiment, Yellowness (b) of fish
dorsal skin was highest in fish of HC diet, lower in HE diet and lowest in HP diet. Ventral Redness (a*) was highest in
HE diet, than HL diet, and the lowest in HP diet. Color showed no significant difference for fresh fillet until after 3d
freezing when fillet Yellowness and Whiteness (AE)was decreased in the order: HE > HL > HP > Cont, and fillet Red-
ness was decreased in order: Cont > HL > HE > HP. Texture of fresh fillet showed no significant difference except both
Hardness and Gumminess was decreased in order: HP > Cont > HL > HE. The experiment showed that lipid was the
emphasis among all diet formulations which influenced fish quality of skin color, texture and MDA content during
storage by controlling fish body composition. After frozen storage, fillet Hardness, Gumminess, Chewiness and Liquid
holding capacity (LHC) decreased but Adhesiveness increased perceptibly, though changes manifested decreased fish
quality.

Key words: Chinese longsnout catfish; Diet formulation; Growth; Quality



