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1 (% )
Tab. 1 Fomuhtion and prox mate analysis of expermental diets (% diyweight)

Fomu lation D1 D2 D3 D4 D5 D6
Fish m eall 24. 31 34.09 43. 87 53. 65 63.43 73. 20
Com starch 51. 36 41.58 31.79 22. 01 12.23 2. 45
M icro-crystal cellulose 8. 24 9.01 9.78 10. 55 11.31 12. 08
Ox liver 5. 00 5.00 5. 00 5. 00 5.00 5. 00
Com oil 4. 09 3.33 2. 56 1. 79 1.03 0. 26
Vitm in pren i 2. 00 2.00 2. 00 2. 00 2.00 2. 00
M ineral prem i® 2. 00 2.00 2. 00 2. 00 2.00 2. 00
C atboxym ethy | cellulose 2. 00 2.00 2. 00 2. 00 2.00 2. 00
Cr,0, 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00

Proxin ate analysi (% )*

D1y weight 52. 80 51.28 57. 16 55.26 54.64 50. 29

C atbohydrate 49. 01 41.88 33.25 22. 11 11.78 310

P wokin 20. 49 26.48 34.20 41. 02 49.94 55. 86
Lipid 6. 19 6.01 5. 65 5. 64 5.64 5.78
Ash 7.23 9.70 11. 37 13. 11 14. 66 16. 66
Energy (m]/kg) 15. 71 15.83 16. 02 15. 71 16.04 16. 00
o N orh Pacific L /T W hitefshmeal UNISFA. Inec. DUTCH HARBOR, AK99692. G.L.S.; T 6%, 7. 8 ?

Vian in pran k (U ormg/kg diet): DI-alpha tocopherylacetate 60 U; N amenadione bsulfite 5Smg retinyl acetate 15000 IU; DL-
cholecalcifeo] 3000 U; Bl 15mg B2 30mg B6 15mg BI2 0.05mg nicotinic acd, 175mg blic acid, 500mg mosito] 1000mg H, 2.5
mg cakim pantohenate 50mg choline 2000mg C 270 mg i tem w ith the recanm endations of NRC! 22 ; 3 M ineral pram i ( g or
mg/kg diet): CaCO4(40% Ca), 2. 15g M (60%Mg), 1.24 g FeCH;0,° H,0, 0.2 g KI(73% 1), 0.4mg ZnS0,(36% Zn. ), 0.4 g
CuSO,* H,0 (2% Cu.), 0.3 g MnSO,* H,0(33% Mn), 0.3g; CaH,PO,* 2H,0, 55 CdL* 6H,0, 2mg Na,Sé0; 3mg KC] 0.9 g
NaCl 0.4 g in tem w ith the recanm endations of NRC! 2; 23. 6mJ/kg 39. 5mJ/kg 17.2m J /kg The dietary
energy was calcubited as protein: 23 6 mJ/kg lpid 39.5mJ/kg starch: 17. 2m J/kg! !

1.2 24 100L (s el
: : el 10, 2
, S5L/m in , ,
(27.5 20.5)C, ~26C 9
P A IR T gy : : 48h
Smg /L , pH 6.5—7.3 0. 005— , , 4 ,
0. 025mg/1, 12L: 12D
(4 ) 14
2, D4 - 26°C, 70°C
, 18 00 , )
48h, M S-222 ( 30mg /I, R esearch O manics ) 6.25
Inc., American) ; ,
1.3 12 ; 550°C 7h
(10.36%1. 40) g(mean *S.D. ) ; Cp0; ,
: 4 : 4 Y 23.6 39.5

18 00 17. 2m J /kg

[18]
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1.5
(FRam ), glkge d) = 100 X [ 4, ,) / F isher LSD (p< 0.05)
[(W.+ W) 2] /¢ ,
(SGR., % /d)= 100 x (LnW, - ,
LaWo) /t :Y=L-U(R -x); Y
(SGR., % /d)= 100 % (Lo, - ( SGR, SGR. FE), L
LnEy) /t , U , X , R
(FE, % )= 100x (W,-Wq) /L, x>R ,U=0
(PER, % )=100%x (W,-W,) /I, )
(PPV, % )= 100 x (W, xP, -
WoxPy) /b 2.1
(EPV, % )= 100x (W, XE,— W, x FR ,
Eoy) 11, D1 FR )
(ADC, % ) = 100 x (1- (16.07 £0.50) g/kg* & D4 FRy, ,
Cn0; / Cn0; ) (13.55%0. 43) g /kg* d
(%) =100 x]1- ( , D4 D6
Cn0; X ) /( FR, (r
Cr0; x )] =0.982 p< 0.01),
W, W, (g), E. ,D1 FR, , D6 , (3.29 £
E, (mJ/kg), t 0.10) (7.93%0.11)g/kgs d( 2)
(d),P Py P, (p<
(% ), Lin 1 0.01), DED6 73. 1% —
(9 (%) 55.02%
STATISTICA 6.0
2 181 %y e 45 R Ak 36 B B
Tab. 2 Effects of dietary protemn kvels on the feeding rate and apparent digestbility coefficents of uvenike S. sinensis
D iet( protein% ) D 1(20. 49) D 2(26. 48) D 3(34. 20) D 4(41.02) D 5(49. %) D 6(55. 8)
FR, (a/ke d) 16. 07 £0. 50° 15. 96 0. 63 14.86 0. 15 13 55 0. 43 14. 89F0. 25 14.20%0. 19
FR, ( g/kg/d) 3.29%0. 10° 4.2 *0. 17° 5.08 £0. 05 556 0. 18° 7. 44%0. 13 7.93%0.11°
ADG! of diy mattex(% ) 73. 12 1. 07 66. 57 £0. 65" 63.25 0. 54¢ 61 43 0. 76°  56. 65£1. 93¢ 55. 02£0.95¢
ADC of protei(% ) 85.88X0. &4 84. 9 £1. 60 87.35 £0. 40 86 57 £1. 14 86. 58%1. 03 85.29+2.53
+ (n=4); (p< 0.05); ADC:

Note The datawere expressed asmean £ S.E. (n= 4); Valiesw ithin the sane rov w ith different superscripts are significantly different (p <

0.05); 'ADC: Apparent digestbility coefficients
2.2
, SGR,
, « 3
D1 D4 |, SGR,
(0.97 20.04)% /dt
D6 ,SGR, D4 D5 D6

(0.60 10.03)% /d

, D4 SCR, SGR,
D1 D4 , SGR. (0. 66 10. 03)% /d
(0.87 10.04)% /d
D6 , SGR. (0.78 £0.06)% /d
D4 SGR.
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Tab. 3 Effects of diferent dietary proten levels on the grovth perfom ance and the diets utilzaton in juvenik S. sinensis
D iet( protein % ) D 1(20. 49) D 2( 26. 48) D 3(34. 20) D 4(41.02) D 5(49. %) D 6(55. 86)
» ) 10. 32£0.00 10. 31 0. 01 10. 43 £0. 02 10. 37%0. 05 10. 34%0.05 10. 40%0.06
Initialw eight ( g
0. 60£0.03¢ 0. 67 0. 04 0.78 0. 03 0.97%0. 4° 0. 9610.08° 0. 96%0.05°
SGR, (% Id)
+0.03" . 71 0. 04 .78 F0. 04 . 87 0. o4 . 85+0.10° . 78 £0. 062
SGR. (% 14) 0. 6610.03 0. 71 0. 04 0.78 0. 04 0.8710. 04 0. 85%0. 10 0. 7810. 06
36. 52£0.99¢ 41. 17 0. 91° 50.98 £2. 23 68. 96 3. (0* 61. 76£4.51* 65. 1312. 76
FE (% )
178. 23 £4. 85¢ 155. 51 £3. 45> 149.09 +6. 53¢ 168. 13£7. 31°>  123. 68£9.04¢ 116. 60+4. 93¢
PER (% )
23.92%2. 17 21. 79 £0. 59>¢ 20. 66 10. 49¢ 25.98% 1. »° 19. 52% 1. 69¢ 18. 62 1. 08¢
PPV(% )
20. 05£0.39° 21. 61 0. 71 24.55 £1. 23 28.87%0. 81* 25. 18 £2.87% 23. 49%2. 00
EPV(% )
=+ (n= 4); (p<0.05)

Note The datawere expressed asmean = S.E. (n= 4);

0. 05)

2.3
FE .
( 3)
DI D4 ,FE  (36.52%0.99)%
(68.96 £3.00)%,
D6 . FE (65.13 £2.76)%, D4 D5 D6
PER
, D1 D6
, PER  (178.23 £4.85)% (116.60 *
4.93)% PPV ,
PPV DI (23.92 £2.17)% D6
(18.62 *1.08)% EPV
D1
D4  LEPV  (20.0520.39)% (28.87
0. 81)% ; D6  ,EPV
(23.4912.00)%
3
3.1
, , SGR,
, D4 , SGR,
(3, 10g it 4 #8135
41. 0%

Valies within the sane rov w ith different superscripts are significantly different (p <

(Broken-Inemodel),

[19],

( )

, [15 20]
21l . SGR. SGR. FE
(D1—D4
p< 0.01), D4 , D5 D6 ,

, 42. %% (

1) 39.66 ( 2) 4106 ( 3) ,

10.36g i, 75 LA 0k R E YR, 1
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Tab. 4 The can parison of the optmum dietary proteln levels anong

several fsh species

Optimum dietary

Species . References
protein (% )
8 Spinbarbus sinensis 41. 02
Zacw barbaia 35.2 [3]
Aristichthys nobilis 30. 1 [27]
Puntivs g onion otus 35 [28]
il Sp in ha rbu s holland i 327 [29]
Cyprinus campio 31 [30]
32 fip 4y i A S B R
. ML ) A2 ek AR A e
107—133¢ ", ,
580—710¢ * ** D4
(s i)
) 5 , LK S PHEE S
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Tab. 5 G row h perfom ances i several {sh species fed diets containing optmum protein level
2
SGR, FRy, ADC" of o )
. . . . Assmilative prootemn References
Species Optinum dietry protein (% ) (% /d) (% BW /d) Protein (% )
ratio (% BW /d)
iy
41.02 0. 97 1. 36! 86. 57 048
Sp nbarbus sinensis
40 1. 15 5 81. 74 163 [6]
Chanos chanos
51.6 3.32 2. 37 87. 97 107 /15 16]
Silurus m erid ionalis
35.4 2.71 93.1 — [31]
Oreochran is niloticus
47 1. 20 1. 32 90. 6 0 56 [32]
Anguilla rostraia
8,
42.2 3.13 2. 47 91. 6 095 [33]
Leiocassis longirosiris
40.4 3.09 3.28 94. 6 125 [34]
Dp lodus sargus
. 45.9 3.35 1. 45 93.7 062 [35]
Oncorhyndus mykiss
:TADC ;2 = x

[ 4]

[5]

Note ADC: Apparent digestbility coefficient Assiilative protein ratio=

) e 4y #1 fR
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DIETARY PROTE IN REQU IREM ENT FOR JUVENILE SPIN IBARBUS SINENSIS

LIN X iao-Zhi °>, XTE X bo-Jun' and TUO Y +P ng
( 1.K ey Laboraiory of Frestw ater F ish R eproduction and D evelpm ent M mistry f Educaation, Southw est University  Chongqing  400715;
2 Deparment of Biology H anshan Nomal U niversity Chaozhou 521041)

Abstract The objectve of his study was to investigate the dietary protein requirement of he juvenile Sp nibarbus sinensis
and detem ine effects of dietary poten levels on feed ntake growth and nutrition utilizatbn. W hite fish m ealw as used as
the dietary protein source and sk isocabric expermental diets were formulated to contan different protein levels of
20. 4%, 26.48%, 34.200, 41.0%, 49.94%6 and 55. 8% ( referred to as D1, D2 D3 D4 DS and D6 respec-
tively) . Each tream ent had four replicates and 12 fish ( i itialw eight of (10.36 £1.40) g (mean £S.D. ) ) of each rep-
lcate were rearad in a crailated filtered system for 10 weeks at (27.5 F0. 5) C i a cirau hted filtered rearing systan.

Fish were hand fed to satntion once daily at 18 00. Fecesw ere collected fram the second w eek by sphoning and w ash ed
mmed ntely everyday. A sanple of 9 fish at the start of feeding experment and 4 fish per group at he end of experim ent
were sanpled and stored fiozen at— 26°C  Dr prox mate canpositbn analysis Fish were wekhted ndividually after 48h
starvaton at the end of the experment

The results showed that as dietary poten necreased the feeding rate of diymatter (FR,, ) decreased gradually from

D1 toD4 fistl, and then leveled off How ever a positive correlation bew een the feeding rate of poten (FR,) and diet
ary protein levels was found (r= 0.982 p< 0.01) . Apparent digestbility of diet diy matter sgnificantly decreased from

(73.12£1.07) 10(55.02%0.95)% fum D1 t0D6 (p< 0.05), whereas therewas no sinificant difference in he ap-
parent digestb ility of dietary protein anong all treaim ents  Specific giow th rates of weight (SGR, ), specific grow th rates
of energy (SGR,) and feed efficiency (FE) were sgnificantly ncreased from D1 up toD4 (p< 0.05), and D4 group ob-
tained the h ghest valies of these three ndices Then SGR,, SGR, and FE reached a plateau and did not d iffer sgnificant
l anongD4 D5 and D6. Proten efficiency rato (PER) decreased fran 178.23 to 116.60% as dietaty protein level n-
creased fran D1 to D6. Values of prote n productve valies (PPV) had a sin ilar trend like PER, which decreased frum

23.92 10 18.62% as dietary pwotein levels ncreased fron D1 to D6. Energy poductive values (EPV) significantly n-
creasal fran (20.05 £0.39) to ( 28.87 £0.81)% as dietary pwoten ncreased fran D1 to D4  then decreased to
(23.49%2.00)% forD6. Based on the boken line models between SGR

tmn al d etaty poten requirement for juvenile S. sinensis was estimated to be 39. % — 42. Yo when white fish m ealw as

., SGR,, FE and d etary protein levels the op-
the sole protein source and the dietary energy valuewas 15. 71M J/kg. This optmum d etary prote n level for pvenile S.
sinensis is higher than sam e other annivorous fshes. It suggested that the food hab it of pvenileS. smensis preferrng ani-
m al plankton and zoop hnk ton make it need more dietary protein for grow th. Sinultaneously the giow th rate of pvenileS.
sinensts is slow er than those of same other fsh species which could be due to its snall diet ntake ratio and low apparent

diestibility of dietary protein.

Key words D ietary protein requiren ent Growth Feed efficiency Pwten efficiency ratiy Spinibarbus sinensis



