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HEHRAER 0.37:BEAMEIILR 0.2, AERE
$5:VC 1 000 mg/kg; VE 60 mg/kg; VK 5 mg/kg; VA
15 000 1U/kg; VD, 3 000 1U/kg; VB, 15 mg/kg; VB,
30 mg/kg; VB; 15 mg/kg; VB, 0. 5 mg/kg; {H B
175 mg/kg; "R 5 mg/kg; JLEE 1 000 mg/kg; AW &K
2.5 mg/kg; {Z BRE5 50 mg/kg; i T R HE .k 25
mg/kg; 8 3 mg/kg; 55 15 mg/kg; £ 30 mg/kg; il
0.6 mg/kg; % 0.1 mg/kg; i 0. 2 mg/kg,
12 A&

I K [ K R R A BT B B BE 4
AR, W1 BB (11, 07 + 2. 42) g, o B R f

A% — B AR AT . S 7 AN AL
PR 3 AN EME A EE 30 B,k 630 B, A
TRFEEAT 14 d 9 FR, FE R E H BB S TR
13 ARE5EE

BRI 8 A K R A (220 L) v, 48 3R K 4 35 Gt
2 L/min), H#M 4 % (08:00,11:00,13:00,
16:00) , M1 B . B MR 25 30 min J5 YR &SR IH
14 d B, KR (25.0+0.5) C.DO>
6.0 mg/L,NH, -N<{0.2 mg/L,pH {H 7.5~7.8,
JEEEW 12 L 12 D, WFEEWN 56 d.

x1 EAMEATREFRAK

Table 1 Formula and nutrients of the basal diets (air-dry basis)

T H 5] Groups
Items G1 G2 G3 G4 G5 G6 G7
W43/ % Ingredients
a8} Fish meal 20. 00 20. 00 20. 00 20. 00 20. 00 20. 00 20. 00
INFE K B 1 Wheat hydrolyzed protein 6.00 6.00 6. 00 6.00 6.00 6. 00 6.00
fi% 7 11 Casein 12. 36 15.74 19.12 22.50 25. 88 29. 27 32.65
WIS Dextrin 29. 64 26. 26 22. 88 19. 50 16.12 12.73 9.35
KK Wheat middings 20.00 20. 00 20. 00 20.00 20. 00 20. 00 20. 00
a3 Fish oil 4. 00 4. 00 4. 00 4. 00 4. 00 4. 00 4. 00
H.iH Soybean oil 4. 00 4. 00 4. 00 4. 00 4. 00 4. 00 4. 00
W IE Soy lecithin 1. 00 1. 00 1.00 1. 00 1. 00 1.00 1. 00
IR Premix 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00
274 % Cellulose 2.00 2.00 2.00 2.00 2.00 2.00 2.00
41 Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
E 2 /KFE Nutrient level

TR/ % Dry matter 88. 20 88. 50 88. 30 88. 60 88. 40 88. 30 88. 60
JAE/(kJ/g) Gross energy 18.76 18. 90 19. 04 19.19 19. 33 19. 47 19. 62
HHE M/ % Crude protein 30. 24 33.22 36. 23 39.33 42.15 45,33 48.12
HMUAE Wi/ % Crude lipid 10. 10 10. 08 10.120 10. 10 10.13 10. 10 10. 12
K5/ % Ash 5.42 5.36 5.41 5.28 5.34 5.15 5.31
FEHRE L/ (mg/k]) P/E ratio 16.12 17.58 19. 03 20. 50 21. 81 23.28 24,53

14 HREE

AE R HME R AL IR T (HWR-15C, i) I E .

T FRR I T WA AT 15 B (WL 24 W AE R
TR A B 43I0 2 o ) 3 U 8 S R R K A K
VR 24 D BT E, BEIFEILE 9 B, K
5 A T I KB 43, o 4 )2 DA i bk BB
4 C#% 30 min,3 000 r/min B.[> 15 min 5 B I
JZIME 26 A 1.5 mL B0 W, BT —80 °CukAE %
S =S (1A o = 1
15 HEBSHH

KI5 105 °C HERS 08 10 1 vk s ML (i
S RHILIG E AL RV X 6. 25) s HLAS 7 Il 52 & IR
TR B 5 K 43I0 2 A K be ik (550 °C) 5 i

I A= A dE bR R FH 4 A 3h A Ak 3 B A (DL e &2
ProCX4, 3 &) Wl &, H o 45 9 ¥ & B (alanine
transaminase, ALT) | %% ¥ #% % Jif§ (aspartate amin-
otransferase, AST) 1 i 4 B FR if (alkaline phos-
phatase, ALP) 2% JH i 2 ik, H il =W (triglyceride,
TG) MAH [ [ (cholesterol, CHOL) FH % . & 25 M
(total protein, TP) fil H & H (albumin, ALB) & A
b2k 3R E 1 (globulin, GLB) R iHH{H .

16 SitHmAE

1 R (weight gain rate, WGR) 55 8 4 K %

(specific growth rate, SGR) ., 1 #} & %t (feed con-
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version rate, FCR) . & 1 i % % (protein efficiency
rate, PER) | 7& [ it L B 3 (protein retention effi-
ciency,PRE) | i 7% 3 (survival rate, SR) | It 3 [
(condition factor, CF) [ 115 71k Z BR8],
RIS 25 5 H SPSS for Windows 19. 0 3 F #E47 B
K Jr 2243 H7 il Duncan’s 2 5 L, & MEKFE P
64 0.05, L WGR\FCR S48 AR #EAT Ik £k [ 9
4381 . FH Sigma Plot for Windows 12. 0 24,

2 #REGH

21 AEE B Bk TR K 8 60 & K 1 5E F1{F
7 R 89 00
M 2 ] UL, 6 3 1) 4RDRL R A B BOK P

5 1A R B 0 A= K M B AL ERDRE R (P<<0. 05) . /i
B H KM G1(30. 24 %) BN %) G542, 15%)
if, K6 WGR FI SGR 2 # 34 n, H 2 1A & K 7
% 42,15 %, WGR 1 SGR e KAH ; 17 BH & H Rk
AEA2.15% ~48. 12% If , %41 WGR Hl SGR #)24
SR L AR 2H R S 1 I RN B 3R 4 2
SR . AR R A TR 42, 15 00 B IA R
fRAE 1. 71, AR T8 (1 B K30, 24 %6 Fl 36. 23 %
ACFRAE B A EDRL TR BT K P B, K 6% i
PER & i BEAR, S im0RHE H BTK P 48, 12 %6 B, Gk
BARME 1. 12, fIREE F1 BT K F b #1240 300 2400,
33.22%.39.33% M1 42.15% PRE B &F & THEM R
IKF-48. 12 % kb B4

®2 FARBEARKFERI KB ERKEEMERFBHHIE(n=3; x =Sp)"

Table 2 Effects of different dietary protein levels on growth performance and feed utilization of Barbus capito

i H 15 Groups
Items Gl G2 G3 G4 G5 G6 G7
=N
%H_Em/g_ 11.3240.28  11.4840.26  11.3540.25  11.2340.25  11.2340.13  11.0840.10  11.310.10
Initial weight
K/ g
) ; 26.34+0.41 a 27.8540.48b 27.8740.91b 27.8940.18 b 28.20+0.66 b 27.7240.09 b 28.08+0.03 b
Final weight
HE R/ % _ _ _ B
WOR 132.784+4.36 a 142.59743.60 b 145. 5373, 48 be 148, 3744. 05 be 151.0743.18 ¢ 150.0742.70 ¢ 148. 1742, 50 be
SRR/ (% /D
?(}iil\z/ %/ 1.5140.04a 1.5840.03b 1.6140.03 be 1.6340.03 be 1.6440.03 ¢ 1.644-0.02 ¢ 1.6220.02 be
A B CF 1.0340.01 1.06+0. 03 1.054+0.01 0.9940. 14 1.040. 06 1.05+0. 04 1.030.02
ikt Z %8 FCR 2.1340.05 ¢ 1.94740.06 abc 2.00+0.09 be 1.8840.23 abe 1.71+0.13 a 1.794+0.17 ab 1.86+0.13 ab
NEYE

%F';Dﬁ*kz' % 1.5640.04 ¢ 1.5540.04 ¢ 1.3840.06 be 1.37+0.18 be 1.4040.10 be 1.2440.12 ab 1.1240.07 a
R/ % SR 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
& 1R/
PIR:{E'J B/% 26.6941.58 be  26.961.68 ¢ 23.9142.13 abe 24.9074-2.66 be 26.2474-1.92 be 22.76=2.42 ab  20.63741.83 a

1) 7] 51 $5 40 I 1 AN R 7 B e L [A) A7 A8 B 35 P 22 5% (P<<0. 05), R IAl. Values (mean4SD) in the same column with different let-

ters are significantly different (P<C0. 05). The same as below.

DL U KSF S B AR R (o) 4 3B WGR
F1 FCR R A2 i () 47 Z Rl £ 1l 05 43 47 (&L 1
2), MRAEIFEE B WGR TE e K H %1 7Y 15
R 150. 75, X5 1w B4 4l REER BT K P2 43009 26 5 4
AR 1 FCR ik S /NME X R B R 1. 80, X 1f )
TR K R 44, 15% . Bk, 435 L WGR
FI FCR R 46 b5, 45 ) KB &)y £0 % ()b} 2 1 o 5o
TER BN 43.09% F 44.15%
22 AEEABRAKTF R K 880 B 5 B30

ENGIE NSV SRR X N L) S NN

W 25 R W3R 3, oK/ & 878 R 2R Bk
Tk 42,15 Yo BT ik B /IME 67. 27 %, B TR AR
JKF- 30, 24 Y0 H1 33, 22 Yo b AN 5 4k B K F AE
EEFKT R 42,15 AR RME 17.97% , B &5
FHHE A B 30. 24 Y540 T 5 45 B 3 K OSF 7R
39. 33 % B KK 43 K A B ARE 2. 7400, B AR
THEA K 33.22% F1 36. 23 %5 b BRAH | fa) B 2K
FI K AE 39, 33 % ~48. 12% 2 [8] B, 4% 21 LK
Iy K2 TR B 5 45 Ak B4 [R)HL R T K OF 22 R
ENTE
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1601 2.3r ,
y=0.1015x"+8.9906x-42.6007,R’=0.98 n=3 - ¥=0.1001x"-0.1498x+5.1055,R’=0.88 n=3
155¢ 2t
1 _
o o 2.1
o 150 T N 5
= Lash = 2.0
;ﬁ & rop I
% 140F S
= 140 = 18 <
F 135F = L7k 1 T
130f 1.6+
125 L L L L 1.5 L L .
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K /% Dietary protein level K /% Dietary protein level
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Fig. 1

and specific growth rate of Barbus capito

Regression analysis between dietary protein levels

x3

Fig.2 Regression analysis between dietary protein levels

and feed conversion rate of Barbus capito

A EE B Bk T 08 1 3 K s8R R B S B9 (n=3; = £ Sp)

Table 3 Effects of different dietary protein levels on body composition of Barbus capito

21 ] Groups

K4y /Y% Moisture

MEH/% Crude protein

HLIE WG/ % Crude lipid W4y /% Ash

¥1lf Initialization

Gl

70.5240.58
68.9440.35 ¢
68.3440.73 be

68.1840. 48 abc
67.71+0.39 ab
67.2740.24 a
67.79+0.29 ab
67.74=+0.62 ab

16.74+0. 28 8.29+0.42 3.6940.07
16.9840.48 a 10. 8840. 13 3.204+0.11 ¢
17.1140. 40 ab 10. 68=0. 09 3.0940. 35 be
17.1140.93 ab 10.8240.63 2.744+0.11 a
17.6340.22 ab 10.98+0. 45 3.0640. 13 abc
17.9740.03 b 11.1940. 23 2.9240. 11 abc
17.7240. 18 ab 11.2940. 17 2.8240.18 ab
17.7140. 30 ab 10.98+0. 25 3.0540. 06 abc

23 AEEBBRKF G K86 M %K ELIER

SRR

WL R K 4, MW ALB & & 78 1 R A
JioK VR 33. 2200 B B . W TR B KR
48. 12 Y Ab BRAH 5 1% CHOL & 2 78 48 B E 11 Bk
I A 7k 15 4 3 oK 5 0 1 7 4 4L HE AR

x4

SN 48, 12 % B B AR . 3 KT A R B R K OF
30.24%~39. 33 % A HAL s 1 VE TG & &2 76 17 B &
HF K 39. 33% ~48. 12% A A B ZER T HE B
K SF 30, 24 % ~ 33, 22% A B ZH, 4% 4b BE 4 [A]
TP.GLB.ALP.ALT fl AST /K V32 %A 8%,
W (n=3; = +So)

Table 4 Effects of different dietary protein levels on serum indices of Barbus capito

$8 45 Indices

1 5] Groups

G1 G2

G3 G4 G5 G6 G7

M/
(g/L) TP

H&EMA/
(g/L) ALB

BREM/
(g/L) GLB
Tl P 5 7 1/
(IU/L) ALP
A3 e g/
(IU/L) ALT
A3 e g/
(IU/L) AST
I e it/

(mmol/L) CHOL

H i = g/
(mmol/L) TG

47.97£8.78 50.9747.16
14.40£2.40 ab 15.20+1.84 b
33.5746. 40 35.77%5. 36
12.67+8.62 16.33£7.02
34.33412. 10 31.3346.43
349.674133.81 360.33£27.61
15.44=£1.75 be 16.4641.03 ¢

15.35+£0.08 b 15.73£1.45b

47.13£4.69 45.931£3.41 44.47£2.19 45.90£4. 81 39.73%6.40

13.7340.74 ab 13.77£1.16 ab 13.27+1.21 ab 13.53+1.31 ab 11.93+1.53 a

33.40%3. 96 32.1742.28 31.20%1. 44 32.37%3.52 27.80x4.91

14.33+8.33 14.33£6.66 9.33£3.06 15.3346.51 16.33+6.66

29.00%6. 00 30.6726.03 34.0014.58 31.33%3.21 27.67210.01

326.33+£37.44 367.00£132.35 352.67+12.42 340.33+£47.48 306.67£63.26

14.88%1.18 be 14.91=£1.05 be 13.6541.13 ab 14.1121. 11 abc 12.17£2.00 a

14.5740.27 ab 13.25+1.29a 13.214+1.03a 13.154£0.03a 13.11£0.56 a
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AR Ky iz ] FCR #E 47 — kil £ [0 19 45 2] (4 25
P Bl 7 2L o (44, 15%0) @ T WGR 3 1 A9 &5
(43.09%) , 3% Fh 25 5 7T 8 5 £ il A& b 4] ) 1
RRRARY . NGEERATLIE I, UL FCR M1 WGR
Fe b ik 00 R B 0 R P R T AL A5 RO
YRR AR A Ml Wi £ R B 1 O A D0 £ 2
Hh R T ) e T g R KR R AR B R
IO 28 0 R L R FH I 2 B AR S AT i e A A R
YR A Y A3 A o AR K A K B L R
FH 2 FoAsE 0 Xt B 1 AT 400 & B, Rl 2 A A
14 0L A B T DAL I A 3 6 90 o R i
PRI A . HIE SR Bl ( Takifugu obscurus) ™ |
A (3] i) B8 (S pinibarbus sinensis )P 4 WGR 1E —
SE 0 [ PN B B AR TR B 3 2 R T e G
Z, 8T A E G . WGR A2 85 2 45 1
Y HF KT IR AS S 3K F0AE B0 T 1 2 A R LA B

55 At 2 £ £ 2 bR R % 0 & £ 2R 1 Y
T EE(43.09%) | T2 AR (Oreochromis nilotic-
us) (25 % ~30 %)% il (31 % ~38 %) 4, 55 g
B (39, 6% ~42. 2% | PUZIHE ( Barbodes al-
tus) (A1 7Y B RF S5 B, FT I, A [ i 2%
li] 4 B P £ 0 R R W R A R B ok 2
SEUOT LB R G DL WG Sh 4 L AR R N
EEEYRIE A e sh P X AT BE i H AR R
T R R R L R e R R P T A
R, A Rk AR U S A B A3 KR B
7 58 %% B R0 Ty vk AR I e e 2 1 U A SR R
LR P T R R S EOR R A R 2 T E R
PN AR I LA P ok R B 1 Oh B IR R
R ER 1 U S B R 2 B 1 T A L R R T R
T ST, IS, B AR L R S
LT B I, J5 SR BF 0 34 5 1 e A 4 6 ) ek
] — 2 KO T B AS R B BE L, 33 0] B2 w8 1 ) I
b, 2 fRDRE R TR B AR
32 AEZEARKE XBHEE QR AZME

Tk} rh 2 BT KCSE X (128 PER A PRE Y52 1R
FEFE 25 5 X 0] 6 B 1 B Fh 26 R RE AL AR L R 3R 2%
PR R[] T T AR IR 2 R o R R R

1T K- 8w Bt . PER I PRE {5 845, Ud 9 4 4
A K AR T d5 ol 75 2 A I, B 0k ) R rh 2R
FUBT R RT3 . 25 Rk b & 1 s i e
R 2o 2240 1 25 BT AR BE A R AL BRI
M-S # PER Al PRE ) F B, X 5 42 f8) )
el e B F W (Diplodus puntazzo)™™ | 4R B8
(Pam pus argenteus )" | B &7 ( Bid yanus bidya-
nus )N L (Huso huso )™ | d 4 87 (Acipenser
sinensis )\ ERI R AR —F, S RRE R, B
( Sparus macrocephalus )" . & #8 ( Cyprinus
carpio var. Jian)"* 5 G5 RL 2R BT 3G 0 & L —
KPS, PER 32 8 [ A, 24 8 F 5K CF 4k 22 3
i, PER 45 78 [6] — 7K 3 5 11 4% 8U4 fi8 ( Centropris-
tis striata )P0 | 52 41 H B (Lutjanus argentimacula-
tus) Y B AR A (Nibea japonica ) 25 2 HY
PER M1 PRE Ffi % f #4 o 8 11 52 /K F B9 36 i 2
I R GE W % i LS PER I PRE 2 3%
TR,
3.3 AEEBRKIEIS KB A 1L B 5 8 721

T Ak v 2R P B KT B R e K B L A ). AR
v Tas SN TR R TR S R A S Wi R | PR ER LN g B
AR a5 WGR AR L, 8 5 = vl 2k 101 03 43 #r
AR G A R RS IR AE 44, 59 0 I R
PR 0 (R, 3 78 HG Al £ 38 00 F 5 b o A 28 0L 4k
W a2 X AR 7 B R SR R b
07 04 7K P Jib 2 5 o £ ROR B Y B K Bl £ 4
FELAE 7 7K T8 . 25 A2 Ak, -5 A X 6 1) Rk R 45 AR
J05 7K B A O . R BEGE JIL A 7K 4 Bifi 45 ] MR 2 1 BT
KV BN 2 B S T 22 X 5 A CHE A
— B0 T AR A DR R A5 1 0 A R T KO SRR —
B LR G 19 28 A AR A B S 3 il 7 D85 6 7K 4 Fif
ML FKF AR AT A A2 2

M A AL FE AR B T2 0 TR 2R B L 8
FEARE L N7 B g A, DRL R B BT KO B IR
B, £ 8E 7R 7 i ( Takifugu rubripes) B T8 35 19 Gt
ZL.RH M MWK ALT MOAST 8 % A &
(P<20.05)™, FEAS LB H o Ik 8% il 5 4 29 41 [1] 1f
& TP.GLB,ALP,ALT 1 AST 2R AN E#F, X
AR 5 Rl %o B B A 3 WP R AT O . AR RE K
V-l R AT SR, Z2 R R R D A IE
FCHEME X £ AR I A5 e 0N TR 2 E SR
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Dietary protein requirement of young Barbus capito

WANG Chang-an'? XU Qi-you' TANG Ling' LI Jin-nan'
WANG Lian-sheng' ZHAO Zhi-gang' LUO Liang' XU Wei!

1. Heilongjiang Fishery Research Institute ,Chinese Academy of Fishery Sciences ,
Harbin 150070, China;
2. College of Wildlife Resources , Northeast Forestry University , Harbin 150040,China

Abstract This study was conducted to determine the dietary protein requirement for young Barbus
capito by formulating diets with seven protein levels of 30. 24%,33. 22% ,36. 23%,39. 33%.,42. 15%,
45.33% and 48. 12%. Each diet was randomly assigned to triplicates with 30 fish each. Fish with initial
body weight of (11.0742. 42) g were raised in recirculation system (each aquarium 220 L) for 56 d with
water flow rate of 2 L./min. The results showed that weight gain and specific growth rate increased with
the increasing protein level from 30. 24 % to 42. 15% ,but had no difference with each other when protein
level ranged from 42.15% to 48. 12%. Protein efficiency rate declined gradually with the increasing diet-
ary protein level. Protein retention efficiency in 30. 24%,33. 22%,39. 33% and 42. 15% protein level
groups was significantly higher than that of 48.12% protein group (P<C0. 05). Feed conversion efficien-
cy and crude protein of body reached the maximum value,and moisture of body reached the minimum
value in 42, 15% protein group. Serum cholesterol reached the minimum value in 48. 12% protein group
and was significantly lower than that of groups with dietary protein ranged from 30. 24% to 39. 33%
(P<C0.05). Serum triglyceride in groups with protein ranged from 39.13% to 48. 12% was significantly
lower than that of groups with protein ranged from 30. 24% to 33. 22% (P <C0. 05). There were no
difference in survival rate,crude lipid, serum total protein, globulin, alkaline phosphatase, alanine trans-
aminase and aspartate aminotransferase (P >>0. 05). The weight gain and feed conversion efficiency
reached the maximum value in 43.09% and 44. 15% protein group respectively by using the polynomial
regression model.

Key words Barbus capito; protein; requirement; growth; body composition; serum biochemical
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