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Effects of dietary protein and vitamin C levels on growth and
immunity of juvenile Pelteobagrus fulvidraco

WANG lJi-giao', WANG Wen-hui', LI Wen-kuan®, LUO Xiao-nian?, LI Jing-wei?
(1. Life Science and Technique Institute, Dalian Fisheries University , Dalian 116023, China;
2. Liuoning Freshwater Fisheries Institute , Liaoyang 111000, China)

Abstract: Juvenile yellow catfish Pelteobagrus fulvidraco (Richardson) with 18.0 g in body weight were stocked into 36 net cages of
60 cm 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-2-phosphate (AA) (0, 500, 1000, 1500 mg-kg ' diet,) at 22 + 3°C for 50 days. The
results showed that the fish fed the formulated feed containing 38.0% - 40.0% dietary protein had the maximal special 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% t069.86% , 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 fatty 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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R Pelteobagrus fulvidraco) SEH MR K TR
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FIFREE AR BT RARZ -, MR R B 5T
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A5 AR WARIE . ARSI AR 7K
SEFTC A SR S I AS [l 3R A 4 A R C X
A RIS I 52, LI Ay o 50 4 1 ) )
A ) FNBAR D7 6 4 (2 B8 I PSS KL

Rk
1.1 gt

SIS (AL A LB A E RN A, 5
FEIGM 1200 FECFEMA K 9.7 om; F-H#{&H 18.0
) PR BE AR HE 5T ISR fEeH Y fa 900 BB, F i kE

R H SIS BV N 12 (B4 25 B), &
HI3INEE, A 36 (60 cm x 60 cm x 120 cm)
RIAR b, SR 12 Rt IR R EROR K B BLRR
N8 m R R,
1.2 EER

DLy | RLGE AR FLE B ORLE E1S B4 )
M 30.0% .38.0% Fl 46.0% H 15 ¥}, 45 T v b B
FFAR AN 0,500, 1000 F1 1500 mg 4E4= & C BERR RS
(£1),
1.3 {HAFEE

SEHHAECE KR R (22 +3) T, H#K
RPN IKEN 5%, 5N 3%, 8 K%
5:00 ~ 6:00 B f1 17:00 ~ 18; 00 LM, H # 5l &
40% M 60% - TR ¥ K, B 3 d HET5 .k
W% , BRI, ERARIFE 7.0 mg L™ 47,

R1 ZREABBEFREDTH

Tab.1 Ingredients and proximate compositions of the experimental diets %
>/
W ] D-1 D-2 D-3 D-4 D-5 D-~6 D-7 D-8 D-9 D-10 D-1l D-12
ingredients
fif} fish meal 2000 20,0 20,0 20.0 320 320 32.0 32.0 4.0 4.0 4.0 4.0
L 1Jf 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
i 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
KBk rice bran 150 1530 150 15.0 8.0 8.0 8.0 8.0 4.0 4.0 4.0 4.0
113l 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
T4k 4 cellulose 190 190 190 19.0 12.0 12.0 12.0 12.0 2.0 2.0 2.0 2.0
&AU WJ."L a . B B B B B ¢ B 5
mineral 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
LR EE ) . . . . . : . . . :
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
#i/: 4 C Ve 0 300 1000 1500 0 300 1000 1500 0 500 1000 1500
)éizllUth»?'f# cMcd 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

IS5 composition analysis

HU# 11 crude protein 30.2 20.80 29.09 29.75 37.95 38.24 38.42  38.04  45.97  46.07 46.07  46.01
HUIGNT crude fat 9.95 8.57  9.63 1001 9.8 10.09 9.7l 9.9 9.20 9.17 9.83 9.33
WAy crude ash 9.12 1020 9.82  9.61 10.35 9.9 10.07 9.63  10.35 10.42 10.33  9.37
KH b o1 0 . o fo < . o0 45 on 1- ) .

G 21,05 2008 21.06 20.65 19.59 19.76 19.30 2042 20,13 19.28 1931  19.35
PR kgt

gge'i&;w kg™") 1h.64 13,88 1130 14533 16,22 16.46 16.20  16.17 17.96 17.83 18.00 17.89
My 45 kg!

'\ﬁ’é"-%‘ Clmg-kg™") 0 51 10 1510 6 507 1006 1508 8 508 1007 1509
TEra, b, BMECCHRDS PN BE QU 2005 o iR RS (3 471 2850 BB TG — 2 — GLRRAE (P07 img-kg ™) sd. BRI ILLT 4 &

Notes: a,b. mineral mixture and vitamin mixture after reference[8]; ¢. ascorbic acid -2 — phosphate ; d, carboxyl methyl cellulose.
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22 #AEECEEMEEKNFENEBNRE
Bl DR 4E2E R C T BN, fa Y SGR
AR B T ST RRAR P B AR (P
> 0.05). HRHE ORI R AR R BT S X R )
SGR {H} 57.18% F il ¥t R EE K 2.69 B, X R
(e 4= 2 C 77 Lk 587 #1594 mg-kg '
2.3 #4F CaEXamEELEIRAE
WAL PYEE A C it aE R B Y
—BREEV 1 1 MO T i BRI A R (P
<0.01) (£ 3). kgL E CHMEEMN T
2 1000 mg-kg "B, MG OE LM y - BREAS

BRE
1.6 HIFELE

FRE A SPSS11.0 #1745 Kt ¥ Pearson AH % 43
B SR & 7 224347 A LSD £ L .

2 %

2.1 RAREARSENEK ARREMNEAR
ErES: AL

mBEOE S EH 30%TH 2 0%}, SGR {H
i 45.97% T+ % 60.18% (& 1), T FiECR & #
Fr, e et R B T3 46% B, SGR H (P <
0.05)FHIE LR (P<0.0) BETKR(FE 2, K
2,E3), BEMAEREFMHEEORSENC
YR A £ HE TS S O B 5 4 R I SGR
H60.47% EHBCRE R 1. 16 M/ Mak &R
B(RC) Ky 2. 47 B, FHXT LA 1AL REER 0 5 B3 3
K 40.44% .35.58% Fl 40 .60% .
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RN, I3 S PR EENE 1 8m, FEE] 1500 mg kg !
B ME SRRy - BREN SR T %A 4, F
5), A HBEE SR 6) .SOD i& (B 7).
KR A R AT A Y v S (28,01 g
L) y-BKEMA(3.891 g LGB R MTEHE
A% 1A B B KA (0.5759 U-L~') .SOD & J1i%
FNB/IME (82.82) B 3R AR g R ¢ 5]
A 847.850 994 F1 634 mg-kg ™',
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~ 3.5} A —H ALk o> 0.6} quadritic A
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g S5 0sp
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Fig.5 Relationship between y-g and AA level Fig.6 Relationship between LS and AA level

2 AFSMBRRSTRANEZARMEEE CANNOEKFIERFHEE(n=25)
Tab.2 The growth performance and dietary utilization of P. Julvidraco juveniles at
various dietary protein and vitamin C levels

FIHE N 30% WHEE C R R 38R ML E C it FEE I 6% MgELE C &R
vitamin C in 30% dietary protein vitamin C in 38% dietary protein vitamin C in 46% dietary protein

0 500 1000 1500 0 500 1000 1500 0 500 1000 1500

?rjn{l)‘l&a]%l;&/) 455.3 M43.0  450.0 456.7 452.3 M7.7  456.3  455.3 48.3  M8.7° 456.0 451.0

4%%'1{55;%(%) 48.25 53.76 46.67 37.14 6l.11" 63.35° 56.10" 54.84® 55.18° 59.56° 53.88 55.50°

HHMKPER  1.05 0.9 1.02 0.82 1.03 1.0  0.96 .28 0.94 1.01 0.92 0.95
MEEBFC 3.6 3.09 3.26 4.05 2.55°  2.47° 2,75  2.8] 2.79 2.61° 2.8 2.78
Ho &P alb 22 R AR -1 PR [T (A A (8 2 (R 25 S 8 S B

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

A BW = body weight; $55%/1: K% SGR = special growth rate; ¥} R4 FC = feed conversion ratio; 2 [1%{#% PER = protein efficiency

ratio
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£3 EFENEASARNERZANELER CHAMKBKERE S (n=15)

Tab.3 Growth and immunity in P.

Julvidraco juveniles fed the diets

containing various crude protein and ascorbic acid levels

PIEHRN 1 30% A E C R R
vitamin C in 30% dietary protein

FIRE G 38% A R C Gt
vitamin C in 38% dietary protein

TR Y 6% HEE R C 3 i
vitamin C in 46% dietary protein

0 500 1000 1500 0 500 1000 1500 0 500 1000 1500

}f;"ﬂ-{(g'L") 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
BRdi(g L!

ki (e ) 2,363 3.235°  3.325°  2.472 1.962 2.763  3.34* 2.581 2.181 2.544  3.889° 2.472
¥y—-G-1

HIF(U-L™HLS' 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

P A1 a b AR A t] A A DK SR 2 ) 2 S A W A

Notes: Letters a, and b represent intcrgroup statistical difference and significant differencc between the dietary conditions

BB 29.27%F1 25.98 MJ- kg™ '[E & 21.69%
2507 MI-kg™ s B d0% B, A B S
HTH%T 64.35% (& 8), g fl B e & &
T ZE 26.06% F1 25.50 MI-kg™', R ES RN

38% I, fiRE SRR B S TR EA N
WEAA
240 observed
— AR

4\; § 220 A quadratic

g 200 A A

N B 180

B 160 £

gglw A

MEI% A

BElo| 4 2 4

ZS g

27 o 4

—0.20.00.20.40.60.81.01.21.41.6

FAMEERC SR /g ke
AA level

7 ML SOD i 1 S RHRE R &K C Bk R &R
Fig.7 Relationship between SOD activity

and AA level

30% 1 46% (P <0.01) o ARG K LA AL Tt
B AR EA T EA 69.96% I8~
23.86% LA BARE R 25.08 MJ-kg ™I, XF W F 4]
BHEE S 90M 38.94% .39.07% F139.42% .
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. WE
70 ovserved

® e

M'S 68 quadratic

sl 66
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o2 64
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= 60
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28 30 32 34 36 38 40 42 44 46 48
wEEREA SR /%

dietary protein

K8 WUAEHSRSGERER S ENER
Fig.8 Relationship between body protein

and dietary protein

®4 EREBRAARHERAEAMNEMMAAMNELBR(n=5)

Tab.4 The proximate composition of muscle in P.

Sfulvidraco fed the diets containing various crude protein levels

TR 30% MAEA# C F Ik

MEEMA BB ECER

TR E T 46% Mg E C FH

by vitamin C in 30% dietary protein  vitamin C in 38% dietary protein vitamin C in 46% dietary protein
initial = 00 1000 1500 0 500 1000 1500 0 500 1000 1500
HUEIT(%)CP  49.51 39.75 61.07 60.66 62.26 69.47° 69.04° 69.94° 70.91° 61.39" 61.58° 65.21° 63.00°
HUIRNI(%)CF  32.50 31.10° 29.13* 20.30° 27.36"° 21.54 21.85 20.87 22.12 26.26*° 25.56* 25.12° 26.88%
MK (%)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 2.9
iﬁﬁg(ﬁggkg'l) 24.55  26.42° 25.95° 25,92* 25.54° 2491 24.96 24.79 25.51 25.60 25.37 25.35 25.54

i AT a b SR AR B VB T 2 AR SR 3 R L

Notes: Letters a, and b represent intergroup statistical difference and significant difference between the dietary conditions
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*5 EHGAEASARNKEEANE4EE CHARENATEHBRAER (n=6)
Tab.5 The fatty acid constituent in muscle from P. fulvidraco
fed the diets containing different crude protein levels %
PR 309 M0 4 C S R B 8% E CHH MK E6MEE CER
vitamin C in 30% dictary protein vitamin C in 38% dietary protein vitamin C in 46% dietary protein
0 500 1000 1500 0 500 1000 1500 0 500 1000 1500
USFA 2411 23460 23.50° 23.21°  22.47  22.37 22.49 22.21  22.83 23.47° 23.69 23.75°
SN MUFA 36.50 1849  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 1014 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 0.5 0.65 0.77"  0.96* 0.8 0.72* 0.81°  0.66"° 0.70° 0.76°
20C:2n -6 0.78 2.01 1.15 2.05 1.04 0.21 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 2.51 1.92 2.22 1.41 1.69 1.65 0.83 1.89 1.41 0.45 1.42
20C:5n -3 2,14 342 2.63  2.97% 2.35 2.05 2.03 2.03 295 267" 212  2.66°
22C:50 -3 1.80 2.37 2.23 2.20 1.70 2.02 1.85 1.62 2.10 1.85 1.34 2.00
22C:6n -3 17.94  27.86° 21.9° 22.76 16.80 14.92  16.52 11.89 17.84°  17.26°  18.30° 17.50°
-3 11.52  15.8  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 2736 28.59 21.62°  19.95°  21.28" 16.27*  23.70° 22.44° 22.46° 22.91°
N UFA 7047 068.45  69.35 68.98 7290 70.00  69.4 73.74 68.34  71.95 72,70  69.60
n-3/n-6 1.95¢ 2,15 2.0 1.73° L4 1.4 .34 1.46 1.62° 1.8 2.2°  1.59

TE & a b 2B &R Il F A2 i 2 e R W R

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

REA T R OARIN KT SRS &R
(P >0.05,% 4). WHE&ETE A 38% 1),
AL A RIBR T RR 0 & W8 % (P <0.05) 1
= (£ 5) M RINE TR &5 ik 8 ¥ (P <0.01) HUfi
THAh . B4 @& & VDR AL AL TR
BRI n—6 R4 2 A MR RL A & Rk 8
F(P<0.01) R H(P<0.05) & TR E
Fidl, o AR 1 R4 A LA H EPA Rl DHA
B Min-3/n-6 itk i & (P <0.01) Mg H
(P <0.05) e Fri i F bRk 4l .

3 ik

3.1 REANERSENHE

FH Ak 22 00 86 11 5T 0 A5 LU AR S R AR i 1
AP B DR A S IO TR RS
PR (R FRGE A R A B2 7 i
e R R A 2 0 b 8 B (R S B T
Frtko HAT2 R AL KR e b oA i e 280k
PGS S IR B at, BBk, ARG s,
2R K, W e AN TR TR AR, X LIRS 8 U
E LB . BRI TR AR R A KR A BN
T S8 LA AU 2R B0 R bR A8 5 fa fa sk v A
TR E . ALK, DRk A KRN IERR
B, Fad R R L 40.44.% , T LR A R

I LA FRL R R BO FR AR, AR RO B
RS HR 40.60% FI 35.58% , X5 F KA
A0 OR B R B BT 32% LA b)) FE %A
sl (T 20 ~ 30g,45% ~ 48% ) FEE P21 (1
6 g Ml 11 g Ao47,44.35% Fl 38.46% ) 45 FAH
. XERA, BFETHEARNTFERS T
HEWAA K TREA, SN AR
(Ietalurus pumtatw)%@%*gj&“%mo H I, 76
NTFANT , M 2 A e, mRtE AR
SE A0% ~36% 8 NG,
32 fARhREHLEE CSEBEANWMTE

5 B R S B I TR T R
SOD {f 1 Bl fa) R4 AR 2 C 5 1k 1V 338 i 1 3% 5 7
o, B S A AR SRR, BRI N M E R
C BRI ol B KT EHCN 50 ~ 100 mg-kg ™A%,
HARERI 3R 5 fa 2 XA R 4 £ C & SIE
R, Montero 25197 LI ¥ R A A
VP B TS 7 R RMA VS M N R bR, A & Sk B
(Sparus aurata ) BEE B T 5k 5 250 mg A FR
C ML, T 28 SR FIHTI F7 B0 BB % 500 ~
300 mg 4EA- % C HIDENN , 3K B 1 40 M 10 7 0
P IR A TS 02 (R B SR i
A R A AR C HFE =518 60 mg-
kg ~'F1 1000 mg-kg "2 MR MEEE C B
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1F 300 mg- kg~ "I 5 T 4R 8 6L V7 VA R R S T X F
BRI, BB B kM E 0 55 Rk a2 R R
e A R C WIHERE it — M 500 ~ 600 mg -
kg™, N, ARG Rt R CTHRER
Hh4 T 5k 600 ~ 800 mg 4/ & C BERRER .

SRR AL R C T S EBAaRRER
RIE EMENE, XAlRERFRHA O & RN el
fa KW E ER WS T 4EE R C TEk.
$27 95 2 FRS R 8R 1 BRUK T s T B R R R
B (BAAD) W FR R 3E 57 B8, e B e yis o X i)
FIEF S EA BEAAL PIH KR EE (P <0.05),
3.3 AREASENAEAAELARKRE

A3 o A [ kR T KCE TR B A L
W HLE E R & 8 BT 59.75%
~70.91% F1 20.87% ~ 31.20% Z ], ALK 7 &%
BN EAE 2.94% ~3.30% 224, fAEPLNEH
B ARDRDRL B 14 K B9 T g S TS R A
BRI 75 BER (LA . X RE R kN &
PR (AR R (IR M) FUOBE 4 SR 8
AR ZHHE A TR R, AX
WA NLRE TR 5T, AS IRl B BF 50 & 45
Ao B0 5 L RIS AR 7
B9 87.73% 9.15% F1 0.9% , 1EASLEH
JEEEIN, fRR S RN 30% R 46% i, f A L
WH n-3/n—6 IENIBRIEMK & (P <0.01) M
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