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1
Tab.1 Fomulation and chamical camposition of experimental diets (%)

Dietary protein levels (%)

M aterial composition (%)

37 40 43 46 49
Fish meal 28 34.3 40.6 46.9 53.2
Soybean meal 28 28 28 28 28
W heat middlings 27.76 23.3 18.89 14. 44 10
W heat bran 10 8.92 7.84 6.77 5.7
M ineral premix 0.5 0.5 0.5 0.5 0.5
Vitamin pramix 0.3 0.3 0.3 0.3 0.3
Choline chloride 0.5 0.5 0.5 0.5 0.5
Calcium phophate, dibasic 2.2 2.2 2.2 2.2 2.2
Fish oil 2.74 2.05 1.37 0.69 0.0
Total 100. 0 100.0 100.0 100.0 100. 0
( ) Chemical camposition (DM)
Crude protein (%) 36. 92 40. 07 43.09 46. 06 49. 10
Crude lipid (%) 7.88 7.83 7.79 7.86 7.80
Lysine (%) 2.15 2.39 2.64 2.88 3.12
M ethionine (%) 0.61 0.69 0.77 0.85 0.93
/ M ethionine/Lysine 0.284 0.288 0.292 0.295 0.297
/ Lysine/Crude protein 0. 058 0. 059 0. 060 0.061 0. 061
/ M ethionine/Crude protein 0.017 0.017 0.018 0.018 0.019
Calculated gross energy (kJ/g) 18.13 18.32 18.51 18.71 18.90
Energy/ protein (kJ/g) 49.31 45.73 42.70 40. 09 37.83
1) (23.6 39.5 17.2 ki/g) &

Note 1) Dietary energy was calculated based on the energy of protein, lipid and carbohydrate (23.6, 39.5 and 17.2 kJ/g)

1.4 (Hepatsmatic index, HSI, %) =
1.4.1 6 , (g)/ (g) x100%;
9 (Viscerosmatic index, VI, %) =

: : (g)/ (g) x100%;
: ( Intrgperitoneal fat ratio, IFR, %) =
(W eight gain, WG, %) = ( - (g)/ (g) x100%
) (9) / (g) x100%; 1.4.2 2h, 9
(Feed conversion ratio, FCR) = , (
(g) /( - ) (9); ) :
(Feed efficiency, FE, %) = ( - , ,
) (9)/ (g) x100% : , -2 :
(Survival rate, SR, %) = /
x100%:; QT GPT 24h, 9
(Condition factor, CF, g/an’) = -20 ,
(9)/ *(am);
(Body height/body length) = 1.4.3
(am) / (am); :
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AOAC (1990) ' 1.5 +
1.4.4 , SPSS 11.5
= ,P<0.05
4 ' )
( 0.001 g), , 2
4 9 ) 4 2.1
3min, 10000 r/min 20min, ( 2 2 6 ,
(4 ) , 37%—43% ,
(e 43% —49%
pH7.5 40 ,
10min, 1min U g , 43%
(V) :
1.4.5 (GOT) (GPT)
5]
( 1):v( %) = - 3.2772X° +
a- 281. 84X - 5076.1 (R* =0.8328)
, 2, 4- (DN- 43.00%
PH) 2,4- , 505 mm 938. 48%
a - ,
, 2, 4- (DN- , 49%
PH) , 505 m 37%
25.11% 17.95% 33.41% (P <0.05)
2
Tab. 2  Effect of dietary protein levelson growth perfomance of Cichlasoma 9. juvenile
Dietary protein levels (%) 37 40 43 4 49
Initial body weight (g) 0. 66 0.66 0. 66 0. 66 0. 66
Final body W eight (g) 6.39 £0.07 6.69 0. 05 7.38£0.13 6.7720.25 6.43£0.22
WG (%) 868.51+11.22%  935.95+38.77°  1018.28+20.92°  925.16+39.00° 873.86 +33.73%
FCR 1.55 £0.03° 1.48 +0.08% 1.41 +0.01° 1.47£0.02®  1.56+0.01%
FE (%) 64.32 +1.38° 67.51 +3.69% 70.54 +0. 63% 67.80+0.93%  63.92 +0.14°
SR (%) 98. 14 100 96. 08 98. 04 100
CF (g/am®) 1.79 £0.08° 1.86 £0.08° 1.96 £0.09° 1.81£0.07° 1.82 £0.02°
Body height/body length 1. 350 +0. 001%® 1. 359 +0. 003%® 1. 345 +0. 0452 1.384+0.006°  1.385 +0. 006"
HSI (%) 2.35+0.25° 2.49£0.14° 2.17 £0.24%® 2.16+0.21%®  1.76 +0.05"
VI (%) 14.71 1. 37° 13.82 £0.08° 13.29 £0.54® 12.72£0.88®  12.07 +0.30°
IFR (%) 4.25+0. 47 3.82+£1.06% 3.79 £0. 48% 2.79+0.61° 2.83%0.11°
(P <0.05),

Notes W ith the same row, valueswith different superscripts in little character are significantly different (P <0.05) . It is the sane as below
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1050
<1025 f
> . 49%
£ 1000 p (43.00 938.48)
B 975 |k 23.95% ( ), 37%
;f’ 950 21.29% (P <0.05);
e =F (P > 0.05)
o 900
- - y==3.2772x*+281.84x-5076.1 2.3
= 1813 R*=0.8328 *
850 L L 1 L I GOT GPT
34.00  37.00 40.00  43.00 46.00 49.00
fi B 2 1 & it Dietary crude protein content (%)
QT GPT ( 4) 4
1 37% 43%,
Fig 1 The relation figure betveen growth rate of Cichlasoma .
9. juvenile and dietary protein levels
43%
2.2 , 732.26 U /g 1412.43U/g
( 3) 3 ,
) 49% QT GPT ,
0 0
55. 59% ( ) 17.56% 37% 43%, QT GPT
( ) 37% 43% , GPT
3.67% 19.62% (P <0.05): ,  QOT
3
Tab. 3 Effect of dietary protein levelson whole body compositions of Cichlasama 9. juvenile
Dietary protein levels (%) 37 40 43 46 49
Moisture (%) 72.90+1.77 71.94 +0. 17 72.41 +0. 41 71.78 +0. 26 72.20+0.35
Crude protein (% DM) 53.62 0. 382 54.76 £0.37®  54.64+0.35®  54.85+0.56% 55.59 +0. 66°
Crude lipid (% DM) 29.05 +1.07° 28.54 +0. 46" 25.79£1.72%  25.16 +1.68%® 23.95 0. 39%
Ads (% DM) 14. 68 +0. 592 15.81 +0. 01%® 16. 43 +0. 45° 16.91 +0. 37 17.56 0. 52°
4 GOT GPT

Tab. 4 Effect of dietary protein levelson digestive enzyme activities in foregut and GOT, GPT activities in liver of Cichlasoma . juvenile

Dietary protein levels (%) 37

40

43

46 49

Protease activities

540. 80 +29. 272

in foregut’ s tissue (U /g)

Protease

activities in foregut’ s chyme (U /g)

726. 26 +29. 84°

718.03 +31. 99°

948. 84 +3. 43"

75. 75 £8. 447

163. 08 5. 762

732.26 +21.19°

1412. 43 £60. 42°

89. 05 +6. 20°

181.81 +3.49°

686. 12 +55. 70™

506. 51 +47. 56

1304. 66 £62. 72°

91. 199 +6. 07"

150. 65 + 14. 68°

1406. 93 + 49. 67°

90. 66 +12. 47°

150. 80 * 2. 84%

GPT( GPT , Reiman-
69. 98 +7. 652
Frankel GPT)
QOT( QT , Reiman-
140. 63 +13. 902
Frankel GOT)
3

3.1
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33
, (] 86.2—100.0
; , mg/Kcal , ,
, (P > 0.05)""
, (Caras (Pelteobagrus fulvidraco) (36, 171 ( Epinephelus
sius auratus) *’ (Symphysodon aequifascia- malabaricus) **! ,
ta) ! (Cichlasoma synspilum) fe] ,
49%
) , 3.2
23.64% —41.62 % ,
(Scortum barcoo) , 33.50 % (Sparus macrocephalus) ™’ ( Ctenopharyngodon
, 93.54%, idellus) 1! (M onopterus albus) '
23.64 % 52.97% (P <0.05), 1
y =330.72x - 24.754 (R* = , ,
0.8127) y= - 187.12x +154. 04 (R’ =0.8315), ,
33- 94 % [21,22]
33.94 %'; 24% —32% , 31.04 %—50.33 %
(M ugil Cephalus) , 28% ,
: (P <0.05)%;
y = - 0.0034% +0.1962x - 40% 46%,
1.95(R* =1), 28.9% (P <0.05), ,
28 9%[10] [24]
, (Anguilla rostrata) ™" 37% 43%,
(Rachycentron canadum) '*?! ( Erythroculter : 43%
ilishaefomis) ™ (Sciaenops ocellatus) (4] , ,
43% , ,
, 3.3 GOT
43%, GPT
(299%) ', (44.5%—46.5%) " ,
Arzel, et al. ,

, GPT @QOT



879

GPT

[1]

[2]

[3]

[4]

[5]

[6]

[71

[8]

[9]

[25]

, Q0T GPT
, 43%
, QT
) 43% )
QT GPT ,
43%

LiuD Y, LengX J, Lu Y H, etal Effectsof adding protease
(Aquagrown) in diet on growth and digestive protease activities of
common cap [J]. Freswater Fisheries, 2007, 35(9) : 50—52
[ , , , A quagrow
, 2007, 35
(9): 50—52]
LiA J Nutrition and feed of aguatic animal [M ]. Beijing Chi-
naAgricultural Press 1996, 67—68 [

: . 1996, 67—68]
AOAC (A sciation of official analytical chemists) official meth-
odsof analysis, 15" AOAC, Washingion DC. 1990
B iochamical-microorganisn teaching and researching group, Biol-
ogy College, Zhongshan University Introduction of Biochemical
Technology [M ]. Beijing Peoples Education Press 1979,
46—56 [

. 1979, 46—56]
Qi SZ BExperimental introduction of animal biochemical [M ].
Beijing BeijingAgricultural Press 1986, 62—671 [
1986, 62—

671]
Loctmann R |, PhillipsH. Dietary protein requirament of juven-
ile golden shiners (N otemigonus crysoleucas) and goldfish (Car-
assius auratus) in aguaria [J]. Aquaculture, 1994, 128: 277—
285
ChongA SC, Hashim R, AliA B. Dietary protein requiraments
for discus ( Symphysodon aequifasciata) [ J].
2000, 6: 275—278

OlveraNowaM A, Gasal eyva E, Martinez-PalaciosC A. The

Aquaculture,

dietary protein requirenentsof Cichlaoma synilun Hubbs1935
(Pisces Cichlidae) fry [J]. Aquaculture, 1996, 27: 167—173
Shao QJ, UX F, XuZR, etal Effectof dietary protein levels
on growvth perfomance and body camposition of Jade perch Scor-
tum barcoo [J]. Acta Hydrobiologica Sinica, 2004, 28 (4):
367—373 [ , , ,

, 2004, 28
(4): 367—373]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

LinH Z, JiangQ, HuangJN, etal A preliminary study on the
optimum protein level and protein © energy ratio of the diet for
M ugil cephalus [J]. Journal of Shanghai Fisheries University,
1998, 7(3): 187—192 [ , , ,

, 1998, 7(3): 187—192]
Tibbetts SM, Lall SP, Anderon D M. Dietary protein require-
ment of juvenile American eel (Anguilla rostrata) fed practical
diets [J]. Aquaculture, 2000, 186: 145—155
ChouRL, SUM S, ChenH Y. Optmal dietary protein and lipid
levels for juvenile cobia (Rachycentron canadum) [J]. Aquacul-
ture, 2001, 193: 81—89
Wang GQ, ZhouH Q, Zhao C Y, et al The effect of dietary
protein on protein tumover of Erythroculter ilishagfomis juveniles
[J]. Joumal of Fisheries of China, 2006, 30 (2): 246—253
[ . , :
,2006, 30(2): 246—253]
LiuYJ, LiuD H, TianL X, etal Effectof dietary protein and
lipid levelson growth and body camposition of juvenile Sciaenops
ocellatus [ J]. Joumal of Fisheries of China, 2002, 26 (3):
242—246 | , , ,
,2002, 26
(3): 242—246]
Arzel J, Metailler R, Kerleguer C, et al The protein require-
ment of browvn trout (Saimo trutta) fry [J]. Aquaculture, 1995,
130: 67—68
Li GH, Zou SX Effect of protein levels on body camposition
and feed utilization of Peletobagrus fulvidraco [ J]. Animals
Breading and Feed, 2006, 9: 12—13 [ ,
, 2006,
9: 12—13]
Zou SX. Studieson the protein requirament of fingerling of Pel-
teobagrus fulvidraco [J]. Joumal of Hubei Agriculture College,
1999, 19(2): 143—145 [
, 1999, 19(2): 143—145]
ChenH Y, TaiJC, SUM S, etal Optmal dietary protein lev-
el for the growth of juvenile grouper, Epinephelus malabaricus
fed sami-purified diets [J]. Aquaculture, 1994, 119: 265—271
Zhuo L Y. Effectof dietary protein to energy ratioson growth and
body composition of juvenile black seabream Sparus macrocepha-
lus [D]. ZhejiangUniversity, 2006 [
, 2006]
Huang Y T, Liu Y J Study on protease activities in the intestine
and hepatopancreas of grass cap, Ctenopharyngodon idellus (C
ETV.) [J]. Acta Hydrobiologica Sinica, 1988, 12(4): 328—
333 [ ,
, 1988, 12(4): 328—333]
YangD Q, YanA S, Chen F, etal Effectsof different dietson
activities of digestive enzymes of M onopterus albus [ J]. Joumnal
of Fisheries of China, 2003, 27(6): 558—563 [ ,

’ i

, 2003, 27(6): 558—563]



880 33

[22] UysW, Hccht T Changes in digestive enzyme activitiesof Clar- flounder (Paralichthys olivaceus) [J]. Joumal of Jimei U niversi-
ias gariepinus (Pisces clariidae) [J]. Aquaculture, 1987, 63: ty (Natural Science) , 2005, 10(4): 296—299 [
243—250

[23] Qian X, Wang GQ, Zhou H Q, et al Effect of dietary protein . ( ), 2005, 10 (4):
on the activities of digestive enzymes of Topmouth Culter (Eryth- 296—299]
roculter Ilishaef omis B lesker) [J]. Chinese Journal of Animal [25] PanL Q, Wu ZW, ZhangH X. Effectsof heavy metal ionson
Nutrition, 2007, 19(2): 182—187 [ , , , transaminases activities of L itopenaeus vannamei [J]. Periodical

of Ocean U niversity of China, 2005, 35(2): 195—198 [
. ,2007,19(2) : 182—187]
[24] LiJQ, LinJB, ZhuQ G, etal Effectsof different energy pro- . , 2005, 35(2):
tein ratio in the diet on the activities of digestive enzymes for 195—198]

EFFECT OF DIETARY PROTEINL EVEL SON GROW TH PERFORM ANCE,
W HOL E BODY COM POSITION AND INTESTINAL D IGEST IVE ENZYM E
ACTIVITIESOF CICHLASOMA SP. JUVENILE

HIYing, LENG Xiang-Jun, L | XieoQin, L IlU Man-Zai and H | Shao-Yi
(Key Laboratory of Exploration and U tilization of Aquatic Genetic Resources Shanghai Ocean U niversity, M inistry of Education, Shanghai 201306)

Abstract: To investigate the effect of dietary protein levels on growth performance, body composition, intestinal digestive
enzyme activitiesof Cichlasoma 9. juvenile, fishmeal and ©ybean meal were chosen as the main dietary protein urce,
and five diets containing protein content of 37%, 40%, 43%, 46% and 49% were prepared and fed o Cichlasoma .

juvenile for 6 weeks Group of 25 fish with initial body weight of 0. 66 gwas fed in recycling aguarium (0. 8 m xQ 5m x
0 5m, 200 L of water volume) with aerated water Each group was triplicate Fish were fed 4 times (8: 30, 11: 30, 14:

30 and 17: 30) per day with a feeding rate of 3% —4% of body weight The temperaturewas (27 +1) , and disolved
oxygen (DO) contentwasmore than 5 mg/L during the growth study. The results showed that the weight gain (WG) of
the five groupswere 868 51%, 935 95%, 1018 28%, 925 16%, 873 86%, and feed conversion rate (FCR) were
1 55%, 1 48%, 1 41%, 1 47% and 1L 56%, regectively. Fish fedwith 43% dietary protein had the highestWG and
lovest FCR. The relationship of WG and dietary protein level could be expressed with regression equation: Y (weight
gain, %) = - 3 2772X° +281 84X (dietary crude protein content, %) - 5076 1 (R’ =0 8328). In the repect of
body composition, with the increase of dietary protein, the content of crude protein and ash of whole body increased, but
the crude fat decreased Fish fed with diet of 49% protein content had significant higher whole body crude protein and ash
content but lower whole body crude fat content than that fed with diet of 37% protein content There was no significant
difference in whole body moisture content anong all groups Protease activities of foregut’ s tisue of the five groupswere
540, 80U /g, 718 03 U /g, 732 26 U/g, 686 12 U/g, 596 51 U/g, and protease activities of foregut’ s chyme were
726.26 U/g, 948 84U /g, 1412 43U /g, 1304 66 U /g and 1406 93 U /g, repectively. Liver sGPT and GOT activi-
ties (Reitman-Frankel) were 69. 89 U /g, 75 75U /g, 89. 05U /g, 9L 20U /g, 90. 66 U/g, and 140. 63 U /g, 163 08
U/g, 181 80U/g, 150 65U /g, 150 80 U /g, regpectively. Results above showed that Cichlasama 9. juvenile had the
best grovth performance and the highest intestinal protease activities, the highest liver' s GQOT and GPT activities, when
they fed with diet of 43% dietary protein content, which showed that the optimal dietary protein requirement for Cichlaso-
ma 9. juvenile was 43%.

Key words Cichlasoma . ; Dietary protein levels Growth; Body camposition; Intestinal protease activities



