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Relationship between energy metabolism and growth
in Fennerap enaeus chinensis
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Abstract: The opinion that the gpecific dynamic action ( SDA) is caused by the growth of animals dominates the studies in this field.
But there are still evidences for the positive correlation between SDA and feeding. In order to invesigate the relation between the
growth and SDA of Chinese shrimp, Fenneropenaeus chinensis, three experiments were designed. In the first experiment, shrimps of
four different body weight were fed with fomulated diet at different ration levels for 28 d and the data of growth, food ngesion, and
exuviations were acquired. In another experiment, the shrimps were fed with six different diets (fish muscle, shrimp muscle, clam
muscle, polychatte worm, formulated diet, and an equal mixtue of them) for 30 d and the same data as the first experiment were
acquired. Then the energy budget of the shrimp in each experiment was constituted. The respiration energy consumption of Chinese
shrimp was calculated using methods of reckoning from energy budget respectively and the energy cost of growth after ingesting
formulated diet was calculated. It was found that the energy cost of 1 g wet weight, 1 g dry weight, 1 g protein, and 1 kJ energy
body weight gain were 12. 660— 17.785 kJ, 21.600- 31.292 kJ, 31. 572— 45.537 kJ, 1.089- 1. 453 kJ, respectively, when the
shrimp fed with formulated diet. The compound relationship among body weight (W), weight gain ( G), and energy consumption
(Re was well simulated with equation Re= rx G+ bx W Tt was inferred that the energy cost of Chinese shrimp was higher than
fishes after comparing the data of the present experiment with previous sudies on fishes. Significant differences were found among the
energy costs of wit body growth of the shrimp fed with different feed. Shrimps fed on polychaete worm expended least energy and
sirimps fed on fish flesh consumed mog energy for unit body growth. It was found that food conversion efficiencies (FCE4, FCE, and

FCR,) were highest at polychatte worm fed dwimps and the poorst food conversion efficiencies were observed in fish flesh fed

shrimp. The relationship between the apparent specific dynamic action and growth was explored. It is indicated that the energy
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allocated to growth was negatively related to the apparent specific dynamic action, thus indicating that the growth of animals was not

the direct causal factor for apparent specific dynamic action. A credible explanation of the nature of SDA is still in need. To achieve

this explanation, further studies to understand the energy cost of feeding and the energy expense of growth simultaneously must be

conducted.

Key words: Fennerapenaeus chinensis; growth; apparent specific dynamic action; energy budget
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1. 530+0. 047 g (mean £SD) 4
B IS B A0 3T A K 4 , 24 ,
30 d 6 , s
5 (FM) 1.5
(SM) (CM) (CW) (FD), 5 , (FF)
5 (MD), (SF) (CF) (PW)
( ) ) (FD),
24 h, 0.1 mg ( 4mm, 2 mm
. ( ) 1
1
Tab.1 Biochemical composition and energy content of experimental diets mean + SE
diets
composition FF SF CF PW FD MD?
(%) moidure  77.23%0. 38 80. 33X 1.27 79.35%3. 15 74, 1810. 80 7.70%0. 15 76.57£0. 10
(%)protein  83.98E1. 12 8. 13£0.65 68.4910. 59 63.73%£0. 4 4£.57%0.50 71.14%£0. 18
(%) lipid 5.18%0.01 5.00%0. 01 5.9610.01 16.32%0. 03 9.93%0. 2 8.9 £0.02
(%) ash 6.41%0.02 3.220. 01 5.38%£0.02 6.89%0. 02 10. 75%+0.03 5.7710.02
energy 22.15%0. 4 2.95%0.04 19.89%0. 05 21. 66£0. © 19. 23£0.09 21.02%0.03
(E/P,kJr g~ 1) 26.38%0. 14 27.28%0.17 29.17%£0.20 33.99%0. 17 45.20%0.70 29.54%0. 11
(L/P) 0. 06110, 001 0.059%0. 001 0.087£0.001 0. 256 0. 002 0.233%0. 003 0.126£0.001
Notes: Except the moisture, all compositions w ere calculated based on dry wei ght
1.6 ,24.83 lg
(G.g) (L g) ( ) 24.83 kJ'*!
(FCE, %) (Re, kJ) Re= Ce— (Ge+ Fet+ Ect
G= W,— Wo Uo) [27)
1= Dp_ Drx Ed 1 7
FCE= 100 x (W,— W) /1 SPSS10. 0
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[27, 28] .
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(g) (g) , r ,
(g) (kJ) r b e ,
12. 660~ 17.785 21.600~ 31. 292 31. 572 G (g) (g)
~ 45.537 1. 089~ 1.453 kJ (g) (kJ) r 13. 935 21. 967
Re=rxG+ bx W* 32.162 1.065 kJ(  3)
2 Re( ) G
Tab.2 Reationship between R« Calculated from energy budget of different ration sizes, kJ) and weight gain
> arameters
(53) ) ) ) parameters R2 P
average wet body weight terms of weight gain models r k

2.988£0.200 Gy Re= rX G+ k 12. 660 £1. 267 14. 529£0. 867 0.738 <0.01
Gy Re=rx Ga+ k 27. 2013, 389 20. 441 0. 957 0.645 <0.01
Gy R= rx Gtk 39.25614.473 20. 591 £0. %05 0.685 <0.01
G. Re= rxG.+k 1.311%0. 160 21.319%0. %80 0.654 <0.01

7.960£0.450 Gy Re= 1 Gw+ k 15. 080 £3. 232 38.081 £2. %67 0.417 <0.01
Gy R= rxGg+k 31.292%5. 810 40.265+2. 722 0.491 <0.01
G, R= <G +k 45. 53718, 015 43.019%2. 677 0.519 <0.01
G, R.= rxG +k 1.453%0.293 41.354%2. 837 0.448 <0.01

14. 177£0.868¢ G, R= rx G+ k 14. 474 %1, 9% 59.567£2. 245 0.640 <0.01
Gy = rxGutk 21. 00 £3. 300 64.771 £2. 80 0.591 <0.01
G, R= <G +k 31. 57214, 602 64. 122,711 0.614 <0.01
G. R.= rxG +k 1.089£0. 150 66. 4212, 814 0.639 <0.01

19.012%1. 413 G, = rx G+ k 17. 785%3. 897 77.791 £4. 41 0.406 <0.01
Gy R= rxGy+k 2. 608 £5. 221 90. 702 £5. 854 0.380 <0.01
G, R= rxG, +k 32.587%7. 106 90. 092 £5. 555 0.409 <0.01
Ge Ro= rXG.+k 1.097£0.213 88. 365 £4. 959 0.468 <0.01

‘R, (K): G, G4 G, G,

Notes: R.was the energy consumption of respiration (kJ); G, G4 G,, and G.were shrimp body weight gain in terms of wet weight (g), dry
weight (g), protein (g), and energy (kJ)
3 Re G w
Tab.3 Relationship between R, and diet ingested and shrimp body weight

parameters
methods of experiment terms of models R? P
’ perime body weight gain : r b c
G, Re= rxG,+ bx W¢ 13.935%1.343 5.561F0.995 0.898%£0.066 0.761 <0.05
caleulated from Gy Re= 1% Gg+ bx W  21.9%67%2.0600 6.141£0.958 0.910£0.058 0.767 <0.05
energy budget of G, Re= rx G+ bx We  32.16232.87% 6.676£0.98  0.879%0.055 0.777 < 0.05
different ration sizes i
G, Re=rxG.+bxWe 1.065%0.091 7.005%0.99 0.859F0.052 0.789 <0.05
G, R,=rx G+ bx We  12.003%1.526 10.824£1.329 1.071£0.236 0.58 <0.05
caleulated from G, R,= rx Gyt bxWe 64.993117. 521 28.442%£7.231 - 0.521£0.133 0.52 <0.05
_energy budget of G, R.= rx G+ bxW¢ 110.615%23.539 40.43417.384 - 1.13520.326 0.58 < 0.05
different diet treatments ! ! )
Ge. Rz= rx G+ bxWe 2.950%0.631 26.620£4.623 - 0.295%0.072 0.55 <0.05

:R, (kl); W (9:6, G G, G,

Notes: R was the energy consumption of respiration (kJ); W was wet shrimp body weight (g); Gy, G4, G,, and G, were shrimp body weight
gain in terms of wet weight (g), dry weight (g, protein (g), and energy (kJ)

2.2 ;
.G (2 (g (g) (kJ)
a 0.368~ 0.636 0.227
: G= axI+B ~ 0.287 0. 163~ 0.202 4.588~ 6.048
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4 ( »8)
Tab.4  Relationship between weight gains and diet ingestion ( dry weight, g)
(2) . . ' parameters R2 P
average wet body weight terms of weight gain models a B

2.9881+0.200 Gy Gy= ax I+ B 0.63610.037 - 0.428%0. 054 0.894 <0.01
Gy Gy=axIz+B 0.270£0.019 - 0.388%+0. 028 0.849 <0.01
G, G,=axI;+B 0.19%%0.013 - 0.282%0.018 0.874 <0.01
G, G=axIq+B 5.69510. 384 - 8.811%0. %61 0.862 <0.01
7.960%0.450 G, G= axI+B 0. 40 %0058 - 0.954%0. 194 0.616 <0.01
Gy Gy= ax 1B 0.227%0.025 - 0.625%0.083 0.738 <0.01
G, G,= axIgB 0.163%0.017 - 0.508%0. 056 0.760 <0.01
G, = ax+B 4.588%0 549 -~ 13331%1.85 0.704 <0.01
14.177%0. 868 ¢ G, = axT+B 0.439%0 043 - 1.897%0. 160 0.781 <0.01
Gy Gg= ax I B 0.28710. 02 - 1.491%0. 97 0.807 <0.01
G, G,= axIgsB 0.202%t0 017 - 1.017%0. 065 0.824 <0.01
Ge Ge= ax I+ B 6. 04810, 481 - 32176%1.75 0.844 <0.01
19.012%1. 413 Gy Gy= ax I+ B 0.368+0.038 - 1.726%0.210 0.759 <0.01
G Gq= ax Ip B 0.26510. 025 - 1.873%0. 135 0.799 <0.01
Gy Gp= ax Iy B 0.16010 02 - 1.259%0. 118 0.676 <0.01
Ge Ge= ax I+ B 5.56410. 617 — 38.308%3.384 0.735 <0.01

G, 6,6, G, 3 N VI S

Notes: G, Gy, G, and G, were shrimp body weight gain in terms of wet weight (g), dry weight (g), protein (g), and energy (kJ); I

w? p°

I, and I. were food ingestion in terms of wet weight (g), dry weight (g), protemn (g), and energy (kJ)

2.3 s 5
SDA .
e=rXG+ bxW* 2.4
b ¢ ( 3)
, SDA ,
:1= (Re= bx W) /G, b ¢ ( 6)
, 21%, , 5%
5
Tab.5 SDA (kJ) of per unit weight gain in different diet treatments
diets
tems and units of weight gain FF SF CF PW FD MD

(g) wet weight 4.00F11.74>  38.46F12.50"  27.92%2. b 8.41F1.08°  20.44%3.870  28.67F1. 74P
(g dry weight 221. 60£37.30° 169.62+25. 8¢ 105.61F12.05"° 20.5%%5. 04*  68.16+9.59" 95 51%E3. 71"
(g) protein 311.61£59.98  305.33F62. 17° 57.29%17.47° HB.R*7.77*  12.75F17. 4%  145.19F6. 25"
(kJ) erergy 15.11%£3.63>  17.01£5 57 5.08 0. 54 1.33%0. 4 3.31%1.21¢ 4.55%0. 19

Notes: Values without same letter in the same line are significantly different from each other

6
Tab.6 F(CE(%) in different feed treatments (%, meant SE)
feed
terms of FCE FF SF CF PW FD MD

FCEq dry weight 4.409%0.891* 5.861%0. 1. 087 10.759£0.931> 22 861E1.627° 11.355%1.330" 12.054%0. 428"
FCE, protein 3.672%£0.705*  3.81110.890" 10.215%0.902" 22 867t1.651¢ 15.458%2 071° 10.981%0. 408"
FCE, energy 2.972%0.0. 773" 2.655£0.961* 10.807£0. 06" 21.390%E1.491¢ 11.288F1.310° 11.764%0. 410

Notes; Values without same letter in the same line are significantly different from each other
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