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Tab.1 Ingredient and proximate composition of the experimental diets

%
ingredient experimental diets
P35L7 P35L9 P35L11 P40L7 P40L9 P40L11 P45L7 P45L9 P45L11
fish meal 34 34 34 41 41 41 46 46 46
soybean meal 16.5 16.5 16.5 18.5 18.5 18.5 19 19 19
fish oil 1.0 2.0 3.0 0.5 1.5 2.5 0.5 1.5 2.5
soybean oil 0.5 1.5 2.5 - 1.0 2.0 - 1.0 2.0
a- a-starch 22 22 22 19 19 19 15 14 13
beer yeast 3 3 3 3 3 3 3 3 3
wheat meal 22.15 20.15 18.15 17.15 15.15 13.15 15.65 14.65 13.65
' vitamin mix 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
? mineral mix 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
% astaxanthin 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
* others 1 1 1 1 1 1 1 1 1

proximate composition (n=3)

moisture 6.9 6.6 6.4 6.8 7.4 6.6 6.7 6.9 7
crude protein 35.7 35.6 35.8 40.7 39.9 40 44.7 45 44.5
crude lipid 7.2 9.1 11.4 7.1 8.9 11.6 7.3 9.3 11.8
ash 10.1 10 10.1 11.4 11.5 11.5 12.9 12.4 12.5
/ (kJ-g”' DM)gross energy 18.4 18.9 19.4 18.4 18.7 19.2 18.39 18.73 19.23
/ P/E (mg protein-kJ ™) 19.4 18.8 18.5 22.2 21.3 20.8 243 24.0 23.1
/(mg-kg™") carotenoids 57.9 57.3 58.2 57.8 48.8 56.4 52.3 51.6 54.5
) (g:1007"g™): (B)) 0.015, (B,) 0.40, (Bs) 0.40, B120.01, K; 0.05, 10.0,
1.0, 1.0, 0.1, (H) 0.04, A 0.004, D5 0.09, E 1.2, C 10.0, 15.0,
60.69. 2) (g:1007"-g™): 10.0; 21.5; 26.5; 10.5; 2 .8; 10.0;
1.2; 0.5; 0.14; 0.18; 0.06; 0.05; 16.5; 0.08. 3) (
) ( )-4)

Note: 1)Vitamin mix (g:100™"-g™"): thiamin, 40; riboflavin, 0.40; pyridoxine, 0.40; cyanocobalamin, 0.01; vitamin K; (menadione), 0.05;
inositol, 10.0; Ca-pantothenate, 1.0; niacin, 1.0; folic acid, 0.1; biotin, 0.04; vitamin A (retinal), 0.004; vitamin D; (cholecalciferol), 0.09;
a-tocopherol, 1.2; vitamin C 10.0; choline chloride, 15.0; cellulose 60.69. 2) Mineral mix (g-1007"-g™"): NaH,PO, 10.0; KH,PO, 21.5;
Ca(PO4H,),'H,0 26.5; CaCO; 10.5; KCI 2.8; MgSO,-7H,0 10.0; AICl;-6H,0 1.2; ZnSO47H,0 0.5; MnSO4-H,0 0.14; CoCl,-H,0 0.18; KI
0.06; CuSO4-5H,0 0.05; calcium lactate 16.5; Fe-citrate 0.08. 3) Astaxanthin (Carophyllpink), obtained from Roche Lit.(Roche, Switzerland).
4) The others comprise ecdyson, lecithin, cholesterol and lycine.

geLc 1.5 mL/min; 10 pL;

Sg, 50 mL , 20 mL Sigma

( lg/L BHT), ,2000¢g 3 min, (SalmoFan, Roche)
3 , 20 , 34
, 50 mL 0.45 pm 15
+ (x £SD)
(HPLC Agilent 1100, ),
Kromasil KR60-5CN(250 mm><4.6 mm, 5.0 (Two-way ANOVA)  Tukey’s (

um), 20 470 nm; ), P<0.05

( =80 20, v/v), Micro Excel SPSS 11.5
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(269.24%~404.90%) (2.01~
2.55) (1.02%~1.29%) (16.26%~
2 23.97%) (P<0.05) ,
2.1 :
2
(P>0.05)

F2 ARITREANM=ZHERFEERK, ARRY. EARYE. BHEEMBEEENFMW
Tab.2 Growth performance, feed conversion ratio(FCR), protein efficiency ratio (PER), condition factor (K) and survival
(SUR) of crab fed experimental diets

n=3, ¥+SD
. /g /em /g 1% 1% 1%

"Xp‘ji‘gg:mal fem ICL IBW FCL FBW WGR FCR /% PER K SUR
P35L7 4.18+0.04 4147£228 6.07£0.15 165.02£15.59 269.24+£540°  2.55£0.12° 1.10£0.05° 16.26£1.29"  61.11%5.56
P35L9 420£0.18 40.90£3.67 6.30£0.10 183.60£8.50  352.25+5.28"  2.26£0.16° 1.26+0.09" 18.10£0.05"  66.67+0.00
P35L11 4.16£0.07 36524459 6.17+0.19 170.75+16.08 360.56£5.69"  2.19+0.14" 129+0.08" 20.14+1.14® 61.11+11.11
P40L7 4.11£0.03 37.99£1.20 6.14+0.23 178.33+34.30 368.89+7.19°  2.23+0.13° 1.11£0.07° 20.35+1.28"  55.56+5.56
P40L9 4.19£0.09 40.9642.76 6.45£0.04 201.65+6.76  389.94+6.91¢  2.01£0.04° 124+0.03" 19.2942.34®  61.1145.56
P40L11 4.07£0.11 382943.17 6.1540.11 182.97+17.46 359.63£1.45%  2.15£0.05° 1.16£0.03 23.97+027°  77.78+I1.11
P45L7 4.16£0.10 39.044331 6.35£0.05 189.08£9.32  404.90+2.10°  2.18+0.04° 1.03+0.02° 22.50+3.04*  72.22+11.11
P45L9 4.13£0.07 40.14+1.68 6.30£0.10 194.32+18.33 387.47+£5.74%  2.06£0.01° 1.07+0.01° 22.00£0.97°  77.78+5.56
P45L11 4.13£0.09 37.6042.24 6.15£0.09 176.75:1527 370.71£6.65°  2.20£0.04 1.02+0.02° 20.12+2.21%°  55.56+11.11
o fish 425+0.08 42.88+321 6.92+0.15 2394742247 461.69+16.02  6.35+0.37 NA 21.15£3.57  61.1145.56

( )Two-way ANOVA (except raw fish group)

dictary protein 0.731 0.955 0.713 0.166 0.000 0.030 0.001 0.033 0.294

dictary lipid 0.745 0.420 0212 0.482 0.000 0.037 0.035 0.354 0.833

imeractixon 0.954 0.916 0.620 0.668 0.000 0.321 0.358 0.222 0.034
(P < 0.05). (%)=100( -, (FCR)= -

) (%)= / , (%)=100( / ) (%)=100( / ). NA

Note: Means in the same column with different superscripts are significantly different (P < 0.05). ICL: initial carapace length (cm); IBW:
initial wet mean weight(g); FCL: final carapace length (cm); FBW: final wet mean weight (g); weight gain ratio(%)=100 (FBW-IBW)/IBW;
feed conversion ratio = feed intake /(FBW-IBW); protein efficiency ratio(%)=100(wet weight gain/crude protein intake); condition fac-
tor(%)=100(final dry matter mean weight/FCL?); survival(%)=100(final number of experimental/initial number of experimental). NA= not

applicable.
(P<0.05), P40L9
(389.94%  1.24%)
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Tab.3 Composition of muscle and ovaries of crab fed experimental diets

n=3; X +SD; %(DM)

/%

flesh composition

ovaries composition

experimental diets moisture
crude protein crude lipid ash crude protein crude lipid ash
P35L7 73.31+1.62 75.63+2.46 3.65+0.24 11.31+0.07 59.63+1.48" 15.46+0.16° 3.51+0.07
P35L9 74.96+0.17 77.00+1.55 3.24+0.21 11.43+0.03 61.85+1.15™ 16.51+1.14° 3.42+0.02
P35L11 74.33+0.16 75.03+3.04 4.06+0.43 10.98+0.10 65.37+1.01* 17.75+0.33* 3.64+0.03
P40L7 73.31+1.56 80.33+0.78 3.23+0.24 11.04+0.02 64.30+1.08™ 15.85+0.27° 3.39+0.01
P40L9 74.30+2.62 77.90+0.20 3.43+0.15 11.50+0.05 59.57+1.20° 16.09+1.39° 3.55+0.02
P40L11 69.44+0.15 81.03+1.94 3.60+0.18 10.77+0.07 63.97+1.62" 17.41+0.23° 3.47+0.01
P45L7 68.24+3.72 76.17+1.14 3.43+0.42 10.45+0.05 56.83+1.94° 13.65+2.43° 3.61+0.04
P45L9 71.69+0.73 79.80+2.31 3.42+0.20 11.23+0.04 64.63£1.97" 14.04+0.32° 3.54+0.02
P45L11 73.37+3.48 77.27+0.82 3.61+0.14 11.13+0.20 63.00+1.27° 13.19£1.57° 3.40+0.01
raw fish 76.07+3.26 75.47+2.79 3.93+0.40 11.09+0.07 60.43+1.10 18.17£1.61 3.57+0.02
( )Two-way ANOVA (except raw fish group)

dietary protein 0.126 0.054 0.487 0.053 0.635 0.019 0.273

dietary lipid 0.829 0.846 0.127 0.471 0.017 0.621 0.319

intera:tion 0.269 0.424 0.574 0.638 0.008 0.833 0.251

(P <0.05).

Note: Means in the same column with

different superscripts are significantly different (P < 0.05).
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, 4 3
31
39.12 ~63.74 mg/ke, ’L7 Lo
85.38%~95.55% ’
25.33~27.67, ( ’ Lin)
) (=0.961 3, ’450/ o
0 Py > >
0.963 1) L35)
; P40 P45, 1%
(P<0.05) ,
L9
’ , (
) ( )
(P<0.05), LIl 7%  11% / o]
, . P35L9 :
(P>0.05) 9% , 45% , ,
(68.77 mg/kg),  P45L9 o1,
[12] /
(13.52 mg/kg) (11.23 mg/kg)
(20.67)

x4 ARIRARNMN=ZFERFENECRIEMHENZN
Tab.4 Pigment concentration and colour readings (SalmoFan, Roche) of ovaries of crab fed experimental diets

n=3; X +SD ;mgkg™’

pigment colour readings
experimental diets carotenoids astaxanthin / (SalmoFan, Roche)
ast./ car.
P35L7 46.77£3.27° 39.85+1.36 85.35+4.63" 25.33+0.58"
P35L9 53.77£5.41% 51.4145.63° 95.55+1.00° 26.33+0.58"
P35L11 41.60+1.77° 38.76+1.68" 93.16+0.67° 25.33+0.58°
P40L7 48.27+3.59° 42.51+2.20™ 88.36+5.71° 26.00+1.00°
P40L9 54.43%2.04° 50.52+1.96° 92.87+3.58" 26.67+0.58°
P40L11 39.12:+3.80° 36.75+4.85 93.91+4.49 25.33+0.58"
P45L7 47.60£1.27° 43.91+1.84° 92.20+1.59° 26.00+1.00°
P45L9 68.77+3.99¢ 63.74+0.89° 92.93+6.45 27.67+0.58°
P45L11 42.02+3.09® 38.58+1.38" 92.00+3.60° 25.67+0.58"
raw fish 13.52+3.94 11.23+0.97 83.01+0.91 20.67+0.58
( )Two-way ANOVA (except raw fish group)
dietary protein 0.003 0.001 0.861 0.084
dietary lipid 0.000 0.000 0.030 0.001
< interaction 0.003 0.005 0.301 0.632

: (P <0.05).
Note: In the same column values with different superscripts are significantly different (P < 0.05).



4 815
(astaxanthin) ,
31 Cuzon ™ | B- (B
10%, -carotene) ( , lutein)
9% (zeaxanthin)
(370.73%~393.27%) 40%~45%
9%~11% , ,
s 40% 6%~8%) (221
(Scylla serrata)'®  ( 32%~40% 6%
12%) ,
3.2 McCallum™®!  March!?¥
(
77.56%) ( 3.56%) (7 , Bell®!
( 79.9% 48%) 16%  30%
( 61.96%) ( 15.81%) ,
( 32.6% 52.8%), [2,2627]
, , P45L9 P40L9
[18-19]
[8]’ ’
, Nickell*®! 82% 17.7%  26.7%,
43.7~49.7 pglg
, 25
) , (P45) , Sheehan!?*!
(21% 25% 30%)
(P<0.05), a* (CIE 1976)
, 1%
3.3 , ;
39.2~
68.77 mg/kg, Mikil?% (1.30~5.91
mg/100g), , ,
( , 92%~
93%)

600

(21]

[29]



816

18

ovoverdin)

[30]

, P40L9

3.4

(P40L11),

9%

b

40%~45%

S Xk

(1

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

2010[M].
,2010.

Shiau S Y. Nutrient requirements of penaeid shrimp[J].
Aquaculture, 1998, 164: 77-93.

1. ,
1998, 7( ): 16-23.

s , . [M].
,2000.

AOAC (Association of Official Chemists). Official Method-
sof Anylysis of the Association of Official Analytical Chem-
ist,14™ edition[M]. Association of Official Analytical Chem-
ists, Arlington, VA, 1998: 1141.
Johnston I A, Alderson R, Sandham C, et al. Muscle fibre
density in relation to the colour and textural of smoked At-
lantic salmon (Salmo salar L.) [J]. Aquaculture, 2000, 189:
335-349.
Bjerkeng B, Storebakken T, Liaaen-Jensen S. Pigmentation
of rainbow trout from start feeding to sexual maturation[J].
Aquaculture, 1992, 108: 333-346.
Lee O K, Lee S-M. Effects of the dietary protein and lipid
levels on growth and body composition of bagrid catfish,
Pseudobagrus fulvidraco[J]. Aquaculture, 2005, 243: 323—
329.
McGoogan B B, Gatlin D M. Dietary manipulations affect-
ing growth and nitrogenous waste production of red drum,
Sciaenops ocellatus: 1. Effects of dietary protein and energy
levels[J]. Aquaculture, 1999, 178: 333-348.
Davis D A, Arnold C R. Response of Atlantic croaker fin-
gerlings to practical diet formulations with varying protein
and energy contents[J]. ] World Aquac Soc, 1997, 28: 241—
248.
Jover M, Garcia-Gomez A, Tomas A, et al. Growth of
Mediterranean yellowtail (Seriola dumerilii) fed extruded di-
ets containing different levels of protein and lipid[J].
Aquaculture, 1999, 179: 25-33.
Vergara J M, Fernandez-Palacios H, Robaina L, et al. The
effects of varying dietary protein level on the growth, feed
efficiency, protein utilization and body composition of
gilthead sea bream[J]. Fish Sci, 1996, 62: 620-623.
Dall W, Hill B J, Rothlisberg P C, et al. The biology of the
Penaidae[J]. Adv Mar Biol, 1990, 27: 1-489.
Cuzon G, Guillaume J. Energy and protein: energy ratio[M].
In: D’Abramo L, Conklin D, Akiyama D(Eds.), Crustacean



817

[15]

[16]

[17]

(18]

[19]

(20]

[21]

(22]

[23]

Nutrition Advances in World Aquaculture, vol. VI, World
Aquaculture Society, USA, 1997: 51-70.

[J]. ,
2009 (1): 26-29.
Catacutan M R. Growth and body composition of juvenile
mud crab, Scylla serrata, fed different dietary protein and
lipid levels and protein to energy ratios[J]. Aquaculture,
2002, 208(1-4): 113-123.

[J1. , 1996, 18: 342-346.

Lie O, Lied E, Lambertsen G. Feed optimization in Atlantic

cod (Gadus morhua): fat versus protein content in the feed[J].

Aquaculture, 1988, 69: 333-341.

Hillestad M, Johnsen F T. High-energy/low-protein diets for
Atlantic salmon: effects on growth, nutrient retention and
slaughter quality[J]. Aquaculture, 1994, 124: 109-116.

Miki W, Yamaguchi K, Konosu S. Comparison of carote-
noids in the ovaries of marine fish and shellfish[J]. Comp
Biochem Physiol, 1982, 71b: 7-11.

Scalia S, Isaksen M, Francis G W. Carotenoids of the Arctic
charr, (Salvelinus alpinus L.)[J]. J Fish Biol, 1989, 34:
969-970.

Torrissen O J. Pigmentation of salmonids: factors affecting
carotenoid deposition in rainbow trout (Salmo gairdnert)[J].
Aquaculture, 1985, 46: 133—142.

McCallum I M, Cheng K M, March B E. Carotenoid pig-

(24]

[25]

[26]

(27]

(28]

[29]

(30]

mentation in two strains of Chinook salmon (Oncorhynchus
tshawytscha) and their crosses[J]. Aquaculture, 1987, 67:
291-300.
March B E, Hajen W E, Deacon G, et al. Intestinal absorp-
tion of astaxanthin, plasma astaxanthin concentration, body
weight, and metabolic rate as determinants of flesh pigmen-
tation in salmonid fish[J]. Aquaculture, 1990, 90: 313-322.
Bell J G, McEvoy J, Webster J L, et al. Flesh lipid and caro-
tenoid composition of Scottish farmed Atlantic salmon
(Salmo salar)[J]. Agric Food Chem, 1998, 46: 119-127.
Nickell D C, Bromage N R. The effect of dietary lipid level
on variation of flesh pigmentation in rainbow trout (On-
corhynchus mykiss)[J]. Aquaculture, 1998, 161: 237—251.
Torrissen O J, Hardy R W, Shearer K D, et al. Effects of
dietary lipid on apparent digestibility coefficients for can-
thaxanthin in rainbow trout (Oncorhynchus mykiss)[J].
Aquaculture, 1990, 88: 351-362.
Sheehan E M O, Connor T P O, Sheehy P J A, et al. Effect of
dietary fat intake on the quality of raw and smoked salmon[J].
Irish F Agric Food Res, 1996, 35: 37-42.
Bjerkeng B, Johnsen K, Mayer I, et al. Influence of 11- ke-
totestosterone, 17p-estradiol, and 3,5,3'-triiodo-L- thyronine on
distribution and metabolism of carotenoids in Arctic charr
(Salvelinus alpinus L.)[J]. Fish Physiol Biochem, 1999, 21:
353-364.
[M].
,2005.



818 18

Effects of dietary protein and lipid levels on growth and ovary pig-
mentation in Portunus trituberculatus

DUAN Qingyuan'?, MAI Kangsen', SHENTU Jikang®, GAO Qianxin’, YANG Jiafeng®

1. Key Laboratory of Mariculture, Education Ministry of China, Ocean University of China, Qingdao 266003, China;
2. Ningbo Academy of Ocean and Fishery, Ningbo 315012, China;
3. College of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310035, China

Abstract: We evaluated the dietary protein and lipid requirements of Portunus trituberculatus and determined the
effects of dietary protein and lipid levels on the ovary pigmentation of the crab. The protein and lipid were from
two sources, fish meal, and soybean meal and fish oil and soybean oil, respectively. We used a two factor, three
level, factorial design. Each diet contained 35%, 40%, or 45% protein (P) from either source and 7%, 9%, or 11%
lipid (L) from either source. Portunus trituberculatus (initial body weight 36.5-42.9 g) were feed with the appro-
priate diet for 20 weeks and an additional group was fed a raw fish diet as a control. The feeding experiment was
conducted in sea cages using a hanging cultivation technique. Each female was held in a hanging cage. The feed-
ing trial consisted of 10 treatments with 18 samples per treatment. All treatments were triplicated. Dietary protein
and lipid levels had a significant influence on the weight gain (269.24%-404.90%), feed conversion ratio
(2.01-2.55), protein efficiency ratio (1.02%—1.29%), and condition factor (16.26%—23.97%) (P<0.05). The feed
conversion ratio decreased and growth rate increased as the level of dietary protein or lipid increased (P<0.05).
The group fed a raw fish had the highest increase in weight gain (461.69%) and the highest feed conversion ratio
(6.35). The condition factor of this group (21.15%) was lower than that in the group fed 40% protein/11% lipid.
The ovarian protein and lipid content was significantly influenced by the level of dietary protein or lipid
(P<0.05). The group fed a high level of dietary protein had higher total ovarian fat content than the other
groups. However, there were no significant differences in moisture, crude protein, or fat levels or in total ash
or ovarian ash content among the treatment groups (P>0.05). In groups fed the same level of dietary protein,
those that were fed 9% lipid had significantly higher levels of total carotenoids and astaxanthin and higher chro-
maticity values than the groups fed 7% or 11% lipid (P<0.05). Taken together, the results suggest that the optimal
level of dietary protein and lipid are 40%—45% and 9%, respectively, for P. trituberculatus.

Key words: Portunus trituberculatus; protein; lipid; growth; ovaries; pigment concentration
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