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Hfects o dietary protein and vitamin C leves on growth and
iImmunity o juvenile Peteobagrus fulvidraco

WANGJi-qiaol, WANG Wen—huil, LI Wen-kuanz, LUO Xiao-nianz, LI Jing—wei2
(1. Life Sdence and Technique Ingtitute, Dalian Fisheries University, Dalian 116023, China;
2. Liaoning Freshwater Fisheries Ingtitute, Liaoyang 111000, China)

Abgtract : Juvenile yellow catfish Pdteobagrus fulvidraco (Richardson) with 18.0 g in body weight were stocked into 36 net cages of
60cm x 60 cm x 120 cm each and fed semi-purified formulated feed containing 30 %, 38 % and 46 % of dietary protein and
supplemented with four levels of ascorbic acid-2phosphate (AA) (0, 500, 1000, 1500 mg- kg™ *diet,) a22+3  for 50 days. The
results showed that the fish fed the formulated feed containing 38. 0 % - 40. 0 % dietary protein had the maxima specia growth rate
(SGR) , and protein efficiency ratio (PER) and the minimal feed coefficient (FC) . The catfish had the maximal levels of total plasma
protein,Y -globulin, and activities of lysozyme and the minimal activity of superoxide dismutase when fed 847, 850, 994 and 634 AA
mg- kg™ * diet. In the fish fed the formulated feed varying from 30 % to 38 % in dietary protein, the protein in muscles increased from
60.95 % to 69. 86 %, and the lipid decreased from 29. 27 % to 21. 69 %, whereas the fish fed the formulated feed containing 46 %
dietary protein had a decrease in protein (64.35 %) and an increase in lipid (26. 06 %) levels in muscles. There were significantly
higher saturated fatty acid levels (SFA) ( P <0.01) and monounsaturated faity acid levels( P < 0. 05) in muscles in the fish fed the
feed containing 38 % dietary protein than those in the fish fed the feed containing 30 % and 46 % dietary protein. There were
significantly higher linolenic acid and n - 3 polyunsaturated fatty acid (n- 3 PUFA) levels in muscles in the fish fed the 38 % and
46% (P<0.01, P<0.05) dietary protein feeds than those in the fish fed the 30 % dietary protein feeds. It was found that there was
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significantly higher n- 3/ n- 6 ratio in the 30 % and 46 % dietary protein groups than in the 38 % dietary protein group. For yellow
catfish juveniles, the optimal dietary protein and vitamin C levels have been considered as 35.58 - 40. 60 % and 600 - 800 mg- kg™ *,
respectively.
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( Peltechagrus fulvidraco) , 12 ( 25 ),
, 3 , 36 (60 cm x 60 cm % 120 cm)
[1] 12
[2.3] 8m
, 1.2
C 30.0% 38.0% 46.0% ,
) 0 500 1000 1500 mg C
(D
1 1.3
(22 £3) ,
1.1 5%, 3%,
, 5:00 6:00 17:00 18:00 ,
1200 ( 9.7 cm; 18.0 40% 60 % ) 3d
0) 900 90 %, , 7.0mg-L"*
1
Tab.1 Ingredientsand proximate compostions o the experimental diets %
ingredients D-1 D-2 D-3 D-4 D-5 D-6 D-7 D-8 D-9 D-10 D-11 D-12
fish meal 20.0 20.0 20.0 20.0 32.0 32.0 32.0 32.0 44.0 44.0 44.0 44.0
soybean cake 20.0 20.0 20.0 20.0 24.0 24.0 24.0 24.0 28.0 28.0 28.0 28.0
cotton seed 18.0 18.0 18.0 18.0 16.0 16.0 16.0 16.0 14.0 14.0 14.0 14.0
rice bran 15.0 150 15.0 150 8.0 8.0 8.0 8.0 4.0 4.0 4.0 4.0
soybean oil 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
cellulose 19.0 19.0 19.0 19.0 12.0 12.0 12.0 12.0 2.0 2.0 2.0 2.0
a
minerdl mixture 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
b
vitamin mixture 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
CVc 0 500 1000 1500 0 500 1000 1500 0 500 1000 1500
cMcCd 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
composition anaysis
crude protein 30.02 29.80 29.09 29.75 37.95 38.24 38.42 38.04 45.97 46.07 46.07 46.01
crude fat 9.95 8.57 9.63 10.01 9.83 10.09 9.71 9.9 9.20 9.17 9.83 9.33
crude ash 9.12 10.26 9.8 9.61 10.35 9.99 10.07 9.63 10.35 10.42 10.33  9.37

N - free extract 21.05 20.08 21.06 20.65 19.59 19.76 19.39  20.42 20.13 19.28 19.31 19.35

-1
energ}(,MJ'kg ) 14.64 13.88 14.30 14.53 16.22 16.46 16.20 16.17 17.96 17.83 18.09  17.89
-1
Ve C(mg-kg™") 10 511 1009 1510 6 507 1006 1508 8 508 1007 1509
:a,b. [8] i ‘C. -2- ( :mg- kg™ %) ;d.

Notes: a,b. mineral mixture and vitamin mixture after reference[ 8] ; c. ascorbic acid - 2 - phogphate ; d, carboxyl methyl cellulose.
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Tab.2 The growth performance and dietary utilization of P. fulvidraco juveniles at

various dietary protein and vitamin C leves

ratio

30% c 38% c 6% c
vitamin C in 30 % dietary protein vitamin C in 38 % dietary protein vitamin Cin 46 % dietary protein
0 500 1000 1500 0 500 1000 1500 0 500 1000 1500
iritia B(\?\; 455.3  443.0 450.0 456.7 452.3  447.7 456.3  455.3 448.3  448.7 456.0 451.0
0,
SGR (%) 4825 5376 46.67 37.14  61.11° 63.35° 56.10° 54.84° 55.18° 59.56° 53.88 55 50°
PER 1.056 094 1.02 0.8 1.03 1.07° 0.9 1.22% 0.94 .01  0.92 0.9
FC_ 3.16 _ 3.09 3.26  4.05 2.55% 247 2.75° 2.81 2.79  2.61° 2.86  2.78
ab

Notes: Letters a, and b represent intergroup statistica difference and significant difference between the dietary conditions

BW = body weight;

SGR = specia growth rate;

FC

=feed conversion ratio;

PER = protein eficiency
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3 C (n=15)
Tab.3 Gowth and immunity in P. fulvidraco juvenilesfed the diets
containing various cr ude protein and ascor bic acid levels

30 % C 38% C 46 % C
vitamin C in 30 % dietary protein vitamin Cin 38 % dietary protein vitamin C in 46 % dietary protein
0 500 1000 1500 0 500 1000 1500 0 500 1000 1500
(grL"YH TPP 17.86 28.13b 33.54a 24.02 19.47 22.4  24.45b  20.56 17.23  24.99° 29.11* 20.13
(LY
9 2.363 3.235" 3.525% 2.472 1.962 2.763 3.344° 2.581 2.181 2.544 3.889% 2.472
y-G-1
(U-L YHhLs' 0.06 0.251 0.591* 0.276 0.359° 0.555° 0.664% 0.61° 0.344 0.481° 0.661* 0.513°
SOD 116.49 77.65° 187.68 152.08 220.03 103.55° 135.9 110.02  106.78° 64.7% 122.96 194.14
ab

Notes: Letters a, and b represent intergroup statistica difference and significant difference between the dietary conditions

29.27% 25.98 MJ-kg " 21.69 % 30% 46% (P<0.01)

25.07 MJ- kg™ *; 46% 69. 96 %
g
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Tab.4 The proximate composition of musdle in P. fulvidraco fed the diets containing various crude protein levels
30% C 38 % C 46 % C
vitamin Cin 30 % dietary protein  vitamin C in 38 % dietary protein vitamin C in 46 % dietary protein
initia 500 1000 1500 0 500 1000 1500 0 500 1000 1500

(%) CP 49.51 59.75 61.07 60.66 62.26 69.47° 69.04% 69.94% 70.91%° 64.39° 64.58° 65.21° 63.09°
(%) CF 32.50 31.10° 29.13% 29.30% 27.36% 21.54 21.85 20.87 22.12 26.26° 25.56° 25.12° 26.88°
(% CA 3.63 3.20 3.03 3.00 3.15 3.06 3.20 3.23 3.06 3.15 3.06 3.30 2.94

(MJ- kg™ 1)

TE 24.55 26.42% 25.95% 25.92° 25.54% 24.94 24.96 24.79 25.51 25.60 25.37 25.35 25.54

ab
Notes: Letters a, and b represent intergroup statistical diff erence and significant diff erence between the dietary conditions
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5 C (n=6)
Tab.5 Thefatty acid congituent in muscle from P. fulvidraco
fed the diets containing different crude protein levels %
30% c 38% c 46 % C
vitamin C in 30 % dietary protein vitamin Cin 38 % dietary protein vitamin C in 46 % dietary protein
0 500 1000 1500 0 500 1000 1500 0 500 1000 1500
Y SFA 24,11 23.46% 23.50° 23.21* 22,47 22.37 22.49 22.21 22.83  23.47* 23.69 23.75°

S MUFA 36.50 18.40 28.37 23.90  36.25° 35.93° 31.91° 46.29° 30.02 36.92 40.52 32.31
18C:2n- 6 8.77 10.14 9.60  10.91 10.59 11.08 12.00  9.02 10.76  9.72 8.86  11.28
18C:3n- 3 0.56 0.47 0.54 0.65 0.77% 0.96° 0.88° 0.72° 0.81° 0.66° 0.70° 0.76"

20C:2n- 6 0.78 2.00 1.15 2.05 1.04 021 1.13 0.75 1.18 0.86 0.54  0.93
20C:3n- 6 0.67 1.18 0.96  1.31 1.99 1.13  1.08  0.58 0.80 0.60 0.38 0.75
20C:4n- 6 1.30 251 192 2.2 1.41  1.69 1.65 0.83 1.89 1.41  0.45  1.42
20C:5n- 3 2.14  3.42% 2.63* 2977 2.35 205 203 2.03 2,952  2.67* 2.12  2.66°
22C:5n- 3 1.80 2.37 2.23 2.20 .70 2.02 1.85  1.62 2,10 1.85 1.3 2.00
22C:6n- 3 17.94 27.86° 21.96% 22.76 16.80 14.92 16.52 11.89  17.84° 17.26° 18.30° 17.50°
Sn-3 11.52 15.84 13.62  16.50 15.02 14.12 15.85 11.18 14.62 12.59 10.23  14.38
Sn-6 22.44 3412 27.36 28.59  21.62% 19.95% 21.28% 16.27%° 23.70° 22.44° 22.46° 22.901°
SUFA 70.47 68.45 69.35 68.98  72.90 70.00 69.04 73.74 68.34 71.95 72.70  69.60

n-3/n-6 1.95° 2,158  2.01® 1.73° 1.44 1.41 1.34 1.46 1.62°  1.8° 2.2"  1.59"

ab
Notes: Letters a and b represent intergroup statistical difference and significant difference between the dietary conditions.

(P>0.05, 4) 38% 40.60% 35.58 %
(P<0.05) (ol RN% )
( 5, (P<0.01) (1 20 30g,45% 48 %) (21
6g 1l1g ,44.35%  38.46 %)
n-=~6 )
(P<0.01) (P<0.05) , , il
EPA DHA (Ictalurus punctatus) (13- 16] ,
n-3n-6 (P<0.01) , ,
(P<0.05) 40% 36 %
3.2 C
3 [17] ,
3.1 SOD C
c 50 100 mg- kg !
[9] ' C
(181 Montero 1!
, , ( Sparus aurata) 250 mg
, , C , ; 500
, , 300 mg C ,
[20,21]; @Lﬁ
) C 60 mg-

, 40. 44 %, kg™! 1000 mg- kg #; C
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