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Tab.1  Main ingredients and chemical composition of trial diets %
Wy M5 groups

ingredients P52L13 P52L9 P4SLI3 P4SLY
1t} fish meal® 27 27 23 23
Ji%H5 11 casein 20 20 20 20
KIZHGAHE [ soy protein concentrate 14.34 13.65 11.28 10.62
T4} wheat flour 10.34 14.18 17.2 21
1M 3% & (18 plasma protein meal® 6 6 6 6
GRBENR lecithin 6 6 6 6
I BEEE [ yeast protein 5 5 5 5
£ fish oil 4.8 2.72 4.8 2.72
F K comn oil 24 1.36 2.4 1.36
A4 3 multi-vitamin® 0.8 0.8 0.8 0.8
AW Y75 multi-mineral” 0.8 0.8 0.8 0.8
K47 binder® 2 2 1.5 1.5
T 4% monocalcium phosphate 0.54 0.51 1.02 1
JIHA choline 0.2 0.2 0.2 0.2
Tl total 100 100 100 100
B 7K nutrient levels”
KL T crude protein 52.24 51.94 47.90 48.31
HNEWT crude lipid 13.22 9.10 13.44 8.85
I Lt protein lipid ratio 3.95 5.71 3.56 5.46
5 calcium 1.35 1.35 1.26 1.25
{8 total phosphorus 1.40 1.42 1.41 1.39
2 salt 0.93 0.95 0.86 0.85
PR lysine 3.99 3.97 3.67 3.65
HEF4E crude fiber 1.00 0.90 0.80 0.80
K5} ash 6.60 6.60 6.40 6.40

T a LR E SR L 1165%); b, B LUK SR B (HLER A 72%); c. 5 IRM

DE G4 FoA kR 4E: VA 15 000 TU, VC 1000 mg, VD5 2500 IU, VK5 50 mg, VB,50 mg, VB, 20 mg, VB4 30 mg, VB, 0.5 mg, VE 300
mg, JHRR M 260 mg, 12 FRES 150 mg, M2 20 mg, EY% 2.5 mg, JLEE 100 mg

NEEW W E NS kglikHE At Cu, 8; Zn. 250; Mn, 45; Fe, 100; 1, 2.4; Co, 2; Mg, 4

3)BRAMELLAN, HARF TR0 Sl E

Notes: a. high quality Peruvian fish meal (65% crude protein); b. domestic high quality plasma protein meal (72% crude protein); c. sodium alginates

1) multi-vitamin (per kg diet): VA 15 000 IU, VC 1000 mg, VD; 2500 IU, VK; 50 mg, VB, 50 mg, VB, 20 mg, VB4 30 mg, VB, 0.5 mg, VE 300 mg,
niacin 260 mg, calcium pantothenate 150 mg, folacin 20 mg, biotin 2.5 mg, inositol 100 mg

2) multi-mineral (mg/kg diets): Cu, 8; Zn, 250; Mn, 45; Fe, 100; I, 2.4; Co, 2; Mg, 4

3) in addition to the protein lipid ratio, the rest of the nutrient levels were measured values

I ERE A, RAFET-20°CHEM . H B R (Yo )= R AT (0 55090 i Fa. 500< 100
PR R A A RIGATM H ¥R & 2 (mg/d- BB =R 4% W - B sk T )/
T R (Yo) =2 A AT 8 /0] 1k FE< 100 S KB/ B0 1000
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H 3% 5 (mg/d- B )=(& R ¥ H ) 4 ¥4 ) /52
5 KA=1000

B8 R (Yo)=(Z AR AR BT 1 W) B K 5T 18 )/ W0 R
M5 % 100

o] ek 2R = A AR MR o — AR )/ (AR AR
) I A B 1)

WA AR K ARAR ML TR A
Yy AR BT R, O S 0 4 f A O AR
it (g) « ARF(mL)=1 = 9f Ho Bl Of% 1 A 3R 4R
K, VROK IR Z5 A R AL AT 3K, 2500 r/min, B0 10
min, BBV, SR 5 Fe vl W5 0 I 1k W i A
KRG H1 o A I (protease) . fig i ¥ (lipase,
LPS). €4 (amylase, AMS) . i 14 # iR i
(alkaline phosphatase, AKP)FlNa'-K'-ATPiff(Na'-
K'-ATPase),

A KA AR X FR AT il T @ A ) T
PR 58 B 00370 &, i BR U0 B 5 il K A 2
RO 2 DN 52 6 4 A0 RE I TR B R AR -
1(insulin-like growth factor-1, IGF-1), = fll F IR iF
J5 & 1 (triiodothyronine, T3) . 4 4 & (growth
hormone, GH),

L5 SERERGIT O

S0 O HE FHSPSS 22 .08 F kAT 581t , R
MR 2 5 22 F Duncank 160 081 o 245 34 FHAF 1
{H+h5 E 22 (mean+SD) K /R o

2 HR

21 RUEERMAEKMRE

R F It F5 7K S X6 g 156 23R 5 ) A 8
(P<0.01)(#2), LI13M W mIHLY 21.74%, WA
R A 2 B 2 B AR 0N (P<0.013<0.05) (]
1), HAP5S2L132H 1) i 2 = i P52L94H32.67%
(P<0.01), 435 5. 3 /=5 Hi PASL134H FIP48L9ZH 22.21%
H114.54%(P<0.05), P48L9ZH &3 = HiP52L94
15.83%(P<0.05).

S 3 [R] 45 21 S0 F AE 1~5 AT SR
E, A HIK90%L E(K2); HAEH6~9K H AL
T, BTG RRIZUN R, W1 PS2L9ZH FiIP48L13
41T M WA . BB 9K LUG 45 4 ih e 3458 TF
Gz, TR FEA A

A¥HREE SHALROYHYREEZE
SN (P>0.05), HLIPS2LI3A M THm, H
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WA PASLIZH (2).

¥EFE  HEAKOT R R D A5
(P<0.01), P52#% b 2 = tH P48 51.81%(3£2). WA
FONHA 2 sl 3 R I (P<0.015%.0.05), PS2L9
ZH 43 W 35 = I PASL 13 HIPA8LIZ 59.69% il
63.78%, {H5P52LI34 2 % A& ; PS2L1341
2 H PASL 13RI P4SLI4H 40.15%F143.74% .,

BIR RS PO R EO R D
S (P<0.01), P52H & (K T P48 26.67%. AUA
A W HAESOUY (P<0.01), H A P52LOH
P48LOZH # i 5 44K 46.15%, P52L13F1P48L134
B PASLOA i 2 [ 11K26.92%(F2).

2.2 GHHEIBRME LR

HACERE ) RPN SR 0 G . IR
15 Tl R 3E A9 Tl T P R T 4 A I 3 (P>0.05) . 3L
PR 28 SO VE Mo Tl A A S 28 B VR0 (P<0.01),
H1IPS2L 13 I P48LOZ H i & = T PS2LOMIP48L13
2H 2453.70%~79.66%(%3)

BOKEEE 7 LR R S 0 e B R il
TG 152 W 48 %, (HEE K F X Na'-K - A TP
T 1A W B 0 (P<0.05), P52 I 35 1 P48
23.74%., XLH R X 5 A 2 sl 3 AR
(P<0.055%0.01), H:AP52L 1340 fifi 11 i 2 it 35 77
A3 R 2 I PS2L9FIP4SL134137.38% FlI
34.71%, Na'-K™-ATP§{iG 1143 3] 2 3 5 1 P48L13
ZH FIP48LIZH 53.20%41131.39%(#3).

2.3 EKEIBHEKIER

B KX SL I IGF- VI T3 & 1 B 35 5
W 5 5 5 (P<0.058(0.01)(F4), P524P484) il
3 B W 4 R 21.44%114.71% ;- B Wi K P XF
T 3 (P<0.05), LI13EILOSM i W E R
23%F110.55%; MK FE X LK 4 IGF- 15 &4 &
ERUN (P<0.05)(K3), HrhP52L13. P52L9F
PA8L134H 43l fik 3 /5 i P48L94H 46.20% . 38.39%
F134.71%, #2540 HH 2 X 5256 6 GH 7 12 52 I 2R
3 (P>0.05), FHH & EIEAMFE .
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Tab. 2 Effects of main nutrient element on growth of P. fulvidraco larvae n=3
Wi 7K
STgE| EHEVISE lipid level ¥E
items protein level Li3 Lo means
JIE /%  survival rate P52 88.52+3.62° 66.72+3.37° 77.62+12.34°
P48 72.08+3.92" 77.28+2.95" 74.68+4.21°
HE 80.30+9.61° 72.0046.44°
H¥R AT 5/(mg/d-J&) average daily feed intake P52 3.55+0.08" 3.27+0.49" 3.41+0.34°
P48 2.73£0.29° 3.43+0.36" 3.18+0.40°
WE 3.14+0.49° 3.35+0.38"
K /g final body weight P52 0.20+£0.01° 0.23+0.01° 0.22+0.02°
P48 0.15+0.01° 0.14+0.02° 0.145+0.01°
WE 0.175+0.03" 0.185+0.05"
WAH K /% weight gain rate P52 4239.00+243.75" 4830.33+290.84" 4534.67+403.17"
P48 3024.67+£219.24° 2949.00+226.87° 2986.834+204.00°
HE 3631.83+696.59° 3889.67+1056.41°
HIf f/mg average daily gain P52 9.43+0.54™ 11.42+0.54° 10.43+1.19°
P48 6.73+0.49° 6.41£0.07° 6.57+0.58°
BE 8.08+1.55" 8.92+2.80°
Bk R EL  feed coefficient rate P52 0.38+0.03" 0.28+0.00° 0.33+0.05°
P48 0.38+0.06" 0.52+0.06" 0.45+0.09"
WE 0.38+0.04" 0.40+0.14*
R EFEZLITAHT(PHE)  results of two-way analysis of variance (P-value)

H¥R e % Tkl 2R
=2 R average R R av rE'a : feed
index survival rate daily feed  final body weight weight gain rate .e g? coefficient

. daily gain

intake rate
#H PL 0.182 0.059 0.000 0.000 0.000 0.002
&l FL 0.003 0.603 0.190 0.108 0.037 0.366
H A *Ji§ i PL*FL 0.000 0.079 0.048 0.005 0.009 0.002

e RREEAEAT BRI P RER R 22 AN B35 (P>0.05), IR RER IR I 57 34 (P<0.05),  MINIFRER IR el 35 (P<0.01), R
Notes: in the same column, values with the same letter superscripts are no significant difference (P>0.05), while with adjacent letter are significant
difference (P<0.05), and with interphase letter are significant difference (P<0.01), the same below

B/ MR, KRR AR T

B ME RS2 R BT SAAL IR Ty, &)™ R
N, SEOCT ARG, ARSLYT7 2508,

L13 L LORE M W 3 £ v S5 40 0 s %2 11.53%
(P<0.01), ULHA13%M5 D5 & fm kkid B T2~22H
B E I HEAAETE . SRR E RN &

oA 13.6% R0k AT f 35 £ 5 BL [ B (P. vachelli)
FERHE £0 T Ze PO AR . AR S0 R 1 B K %

S G R A B . e W, S

iR AR 2 AR W K CE 2 o B LA
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TR R A O¢, ¢ %JEn-3 HUFA(WIDHA .
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Fig.2 Effects of main nutrient element on daily survival rate of P. fulvidraco larvae
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Tab. 3 Effects of main nutrient element on digestive enzymes activity of P. fulvidraco larvae n=3
T 105 7K1
S gE| HAKF lipid level Bl
items protein level L13 Lo means

1 A##/(U/mg prot)  protease P52 1.06+0.16° 0.98+0.20° 1.02+0.17°
P48 0.89+0.07* 0.94+0.16" 0.92+0.11*
BiE 0.97+0.14" 0.96+0.16"

AR WiE/(U/mg prot) LPS P52 21.13£2.11° 21.02+0.42° 21.07+1.36°
P48 19.75+0.48" 21.10+1.90° 20.42+1.45"
¥IE 20.44+1.56" 21.06+1.23*

T/ (U/mg prot)  AMS P52 0.99+0.26" 0.54+0.06° 0.77+0.30°*
P48 0.52+0.03¢ 0.83+0.06" 0.68+0.17*
HH 0.76+0.30°" 0.69+0.17*

B R /(U/g prot)  AKP P52 20.53+2.06" 14.96+1.58° 17.7443 46"
P48 15.24+0.65° 17.46%1.78" 16.35+1.70°
¥IE 17.88+3.20" 16.21+2.03°

Na"-K'-ATP§/(U/mg prot) Na'-K'-ATPase P52 22.98+2.52° 19.65+0.44* 21.31£2.12°
P48 15.00£1.36° 17.49+2.18" 16.25+2.44°
¥IE 18.99+4.73° 18.57+1.84"

R EFEZLRITAHT(PE)  results of two-way analysis of variance (P-value)
LD B A JIg 137 it VER [ RéRTA A Na"-K'-ATP/fj
index protease LPS AMS AKP Na'-K'-ATPase
A PL 0.310 0.482 0.317 0.172 0.001
JIEIDT FL 0.912 0.46 0.385 0.109 0.701
Hr A *JI§ 7 PL*FL 0.465 0.411 0.001 0.003 0.024

XU 2R %) S g # 34 o RAE RE R AR B
w2 HAE RN (P<0.05880.01), P52L9ZH g
PRI A, B AT B8 A% 41 S 56 TG SR AR
HRAE B AR PRI B, A7 T 1Y S 0 0 0 A} 0 ER
BEN R EN R, R EEEAREE
(A A2 18 K 0 I B, T LA 49 3R OR A R R R
I R o PASLOZ 1Y F R MR A F A, 7T #E
SR FTEFRRERM, AREH 2L EA X,

320 FEEFEMEHGFRENLER
eSO

I CEEE A Fm PR EE T —E
T Pl PN AR B0 ) e % A e R R R LU
fEAEBRALREMIRE S, AW A A K 8 22 T 2R P,
ARSI R, A PR R S50 fa B R T 1 R
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Tab. 4 Effects of main nutrient element on growth related hormone of P. fulvidraco larvae

n=3; ng/mg prot

A BT AR 7K lipid level ot
items protein level L13 Lo means
IGF-1 P52 6.74+0.44° 6.38+0.11° 6.57+0.66"
P48 6.21+0.45° 4.61+0.50° 5.41+0.98°
HIMH 6.47+0.50° 5.50+0.66"
T3 P52 329.41+17.32° 276.89+18.76" 303.15+£32.99°
P48 270.52+19.69° 264.02+17.38° 264.27+£16.98°
HIMH 299.96+36.27° 270.46+17.64°
GH P52 0.25+0.02° 0.24+0.02° 0.24+0.02°
P48 0.26+0.03" 0.23+0.03" 0.24+0.03*
HIMH 0.26+0.02° 0.24+0.02°
UEEITELHAHIPIE)  results of two-way analysis of variance (P-valuc)
f‘fs IGF-1 T3 GH
A PL 0.010 0.009 0.706
NG FL 0.030 0.024 0.190
A *fig )l PL*FL 0.030 0.061 0.507
ST T —— 113 FRHRIS , DiReE B RE AR, 7 H RKIE R
o2 *\\\\;+ﬂo ZHD, W E SRR F B R RET,
§§ AKPO T 4 A IR B 1, VBl i I iz 4 i
=200 W . WA, R HRYR, HOE
§§ T7 W AT HE 075 FR R CIR B, 15 i 38 A 2
55t AT . AT R R 360 550 6 AKCPI 1 FY
=3 SRR 30U 2 AR AKPAS A
LG% , . . (P<0.01), PS2L13413% H1drm, HK AP4SLIA .

P52 P48

B3 ZEMENEENIGF-UE IR
Fig. 3 Effects of protein and lipid interaction on IGF-1

it 15 g A [a) 48 2 32 208 IR W) I AL i, ki
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K-ATPRET 11500 5. % (P<0.05), HAP52L134H
S0 TG ) B, PS2L9ZHIR 2, P48LOA S
=, Hizx A m A KRS X Y . P52L13
Higwm, SiZHHEEGE OB . 1578 AE B
fitf )i J1 AR A RAE — B, AR R, kS &
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leopardus)%)1 I Ak 18 5 [ i 5 Bg 197 B % 77 79 [
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LR LN

IGF-1 32 2558 b AF 1 38 5 1 40 i 2 1 ) 2
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B E X S8 LR IGE-1 8 & WA % 5
(P<0.05), 5 HA G HRIPS2F 13458 m Y 14 8 A
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B i B E 1Y (Oreochromis mossambicus)%)) i
I3 A IGF- 19 B A8 46 55 1R kL 2 11 7K OF 2 1E A
5, KB USL i i AE TGF- 138 35 & B 1A kL
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Effects of protein and lipid on
growth and physiological factors of Pelteobagrus fulvidraco larvae in
industrialized culture
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Abstract: This experiment aimed to investigate the effects of protein and lipid levels on growth and physiological
factors of Pelteobagrus fulvidraco larvae in recirculating aquaculture system (RAS). A random 2x2 two-factors
animal experiment including two different protein levels (48%, 52%, P48, P52) and two lipid levels(9%, 13%L9,
L13) was used to formulate 4 trial diets. Each treatment had 3 replicates and 3600 individuals per replicate. The
trial fish was P. Fulvidraco larvae at 2 day after hatching that was fed Artemia naupliias initial feeding for 1 day,
and gradually transformed to trial diets. The conversion period of feed was 2 days. The research was conducted for
21 days. The results showed as follows. (O High protein and lipid level of diets significantly improved the survival
rate(SR), weight gain rate (WGR) and feed conversion rate of P. Fulvidraco larvae with the univariate analysis.The
double factors analysis indicated that P52L.13 diet significantly increased the SR of trial fish compared with P52L9,
P48L13 and P48L9 diet, and exceeded by 32.67%, 22.21% and 14.54%, respectively. The WGR of trial fishin
P52L13 diet increased by 40.15% and 43.74% compared with P48L.13 and P48L9 diet. P48L9 diet improved the
SR by 15.83% and 7.21% compared with P52L9 and P48L13 diet, but the WGR was the lowest. @ The
physiological factors results showed that the single factor (high protein and lipid level of diets) significantly
improved IGF-1 and T3 levels of trial fish, and had a tendency to raise enzyme activity of digestion and absorption.
Double factors analysis showed that the enzyme activity of digestion and absorption, IGF-1 and T3 levels of trial
fish in P52L.13 diet were higher than others. The activity of lipase, amylase and AKP of the trial fish in P48L9diet
were higher than P52L9 and P48L13, but the Na'-K"-ATPase activity, IGF-1, T3 and GH levels were the lowest. ®
The new discovery of this study was that the trial fish with P48L9 diet had higher SR, feed intake, enzyme activity
of digestion and absorption than P52L9 and P48L13, but the lowest WGR, growth related hormone level than
others. It indicated that the lower protein and lipid level had an negative effect on trial fish growth, but benefited
the survival ability when the protein to lipid ratio was appropriate . In conclusion, the change and interaction of
dietary main nutrient elements affected growth and physiological factors of P. Fulvidraco larvae. This research
shows that the P52L13 diet is the excellent combination giving consideration to SR, growth, digestion and
absorption ability, growth related hormone level of P. Fulvidraco larvae in RAS. The P48L9 dietary combination
with appropriate protein to lipid ratio can enhance the survival, digestion and absorption ability of P. Fulvidraco
larvae. Therefore, the appropriate protein to lipid ratio has important significance for the survival and development
of fish in the early stage.

Key words: Pelteobagrus fulvidraco; larvae; main nutrient element; survival rate; growth; digestion and
absorption; growth related hormone level; recirculating aquaculture system
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