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Effects of different combinations of diets on the growth and food
conversion efficiency of Chinese shrimp, Fenneropenaeus chinensis

HUANG Guo-giang, DONG Shuang-lin, WANG Fang
( Mariculture Research Laboratory, Ocean University of China, Qingdao 266003, China)

Abstract; The five diets used in the experiment were: fish flesh (FF) —the flesh of sardine (Sardinella zunasi) , which was got rid
of head, scales, fins, bowels, and bones; shrimp flesh (SF) —the flesh of a small size shrimp ( Trachypenaeus curvirostris) , which
was got rid of head and shell; clam foot (CF) —the foot of clam ( Ruditapes varigata) , which was cut from the clam; polychaete
worm (PW) —Neanthes japonica worm; formulated diet (FD) —a commercial sold shrimp diet ( Sea-Horse brand; producer: Fujian
Mawei Unite Feed Ltd. Co. , China; Ingredients: bean powder, fish powder, shrimp powder, compound vitamines, and compound
minerals ). Six different combinations of diets (CF +PW, CF +FD, PW +FD, CF + FD + PW, FF + FD + PW + FD, and FF + SF +
CF + PW + FD) and five single diets (FF, SF, CF, PW, and FD) were designed to investigate their effects on the growth and food
conversion efficiency (FCE) of Chinese shrimp, Fenneropenaeus chinensis. The shrimp fed with mixed diets grew faster than those fed
with single diet except PW and the shrimp in CF + PW treatment was the highest in terms of final weight and weight gain. The food con-
version efficiencies (FCE) in mixed diets treatments were higher than all single diet treatments except PW and also higher than the es-
timated food conversion efficiencies (eFCE). Besides this, all FCE of mixed diets treatments were significant higher than eFCE except
that FCE of PW + FD and CF +F D + PW were higher than eFCE but not significant. The effects of the advantages of mixed diets treat-

ments on dietary selection of shrimp and causation of the advantages were discussed.
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Tab.1 Composition of five provided diets and ingested mixed diets (mean = SE)

(B SR LTS K5/ % BHFE/ % B& R/ % fER/ k-g' BBEWK (E/P) JREWK (L/P)
diets moisture protein lipid energy energy/ protein lipid/ protein

FF 82.62£1.50 91.41+0.017" 2.40+0.14*  22.61 +£0.02° 24.74+£0.21° 0.026 +0. 001"
SF 88.25+0.44 86.88+0.08°  3.84+0.18°  22.87+0.045  26.32+0.35° 0.044 +0.001°
CF 78.19£0.77 66.49 +0.06  4.31+£0.47°  20.99+0.09° 31.57 +0.48%  0.065 +0.001°
PW 75.66 +0.54 70.93 +0.11°  11.00 +0.18%  21.31 +0.10°  30.04 +0.78° 0.155 +0.011¢
FD 8.00+1.04 45.97+0.05° 9.16+0.17°  19.37£0.03°  42.12£0.16*  0.199 +0.006°
CF+PW 70.64 +0.04"  10.53 +0.06® 21.29+0.01°  30.13+0.01° 0. 149 +0.001*
CF+FD e 53.92+1.41°  7.28+0.33°  20.00+0.11°  37.14 +£0.79°  0.136 +0. 010"
PW+FD e 64.81 £0.73°  10.53 £0.05®  20.83 £0.06°  32.15%0.23° 0.162 0. 001
CF+FD+PW et 67.92 +1.01% 10.42 +0.16'  21.08 £0.08°  31.04 £0.35* 0. 153 +£0. 002
FF+CF+PW+FD oo 67.75+1.09"  9.90+0.32°  21.04+0.08°  31.07 £0.37* 0.146 £0. 005*
FF +SF +CF +PW+FD  «oeee 68.92+£1.17"  9.4520.15*  21.15+0.09*  30.70 £0.39* 0. 137 £0. 002*

¥ A—-AlPRFAHRAFSNEEMNELZAFEBEER . RETBLENETEFRELRA RIS EA LA MG A58

Note: Values without same letter in the same column are different from each other. The values of mixed diet were weighed in accordance with the por-

tion of each diet in total ingested diet.
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‘Tab.2 The weight of initial shrimp and final shrimp and weight gain ( mean + SE)

WER/%

RN HFEXTHR  initial shrimp YWHENTHF  final shrimp weight gain

diets combination WW/g DW/g P/g E/k] WW/g DW/g P/g E/k) - v WW DW P E

FF 0.807 £0.006  0.175:0.001 0.127+0.001  3.26:0.05  0.993:0.063* 0.189+0.001* 0.134£0.001*° 3.31+0.17*° 22.76+6.37* 76015  545:0.59*  1.30:013*
SF 0.803£0.007 0.17420.001 0.126+0.001  3.25:0.01  1.090£0.071* 0.200£0.010* 0.141 +0.001* 3.51£0.01° 35.76+3.09® 14.81=1.82* 11.24+177* 830:0.172*
CF 0.805+0.005 0.174£0.02 0.12720.001  3.25:0.02  1.324£0.007 0.270 +0.004*®> 0.194+0.001® 4.90+0.13% 64.55+3.76" 54.66+3.62% 53.23:3.58% 50.76+3.53*
PW 0.8070.004 0.175£0.001 0.127+0.001  3.26:0.01  1.9700.175% 0.472+0.09% 0.326+0.002% 9.13+0.16° 144.19+8. 67 160.91+9.68% 157.01 £9.67% 180.33£9.52°
FD 0.801 £+0.009 0.174£0.000 0.126:0.001  3.24:0.09  1.408+0.097%¢ 0.286+0.068%" 0.203+0.008%" 5.32#0.31®® 76.00£6.25"¢ 64.90+537° 61.43+3.95% 64.65+4.03%
CF +PW 0.80250.006 0.174£0.02 01260001 324003 208920175 050 £0.051° 0.343+0.007° 0.42+0.14° 160.88£9.31 183689, 34" [72.13+9.89° 191.23 +8.74°
CF +FD 0.802+0.008 0.174:0.00 0.126:0.001 324005  1.607£0.109°% 0378 +0.078™! 028+0007%% 738:048°* 10520 117.P+68% IRB+6I™* 127.86+5%*
PW +FD 0.803+0.001 0.174:0.001 0.126:0.001  3.24:0.07  1.848+0.171 0.430+0.041% 0.301 +0.001% 838 +0.51% 129.86+9.18° 147.02£7.23"" 138.41 £7.54% 158.16+5.78%
CF +PW +FD 0.804:0.02 0.174:0.001 0.126:0.001  3.25:0.03  1.670+0.031°% 0.367 £0.095% 0.260 +0.004>¢ 6,72 £0.41>¢ 107.62 +9.57°% 110.82 £5.36™¢ 105.54 £4.29™¢ 106.97 4. 19>
FF +CF +PW +FD 0.807£0.004 0.175+0.001 0.127+0.001 3.26:0.01  1676+0.10°%* 0.395+0.35°% 0.277:0.001°* 7.45:0.50°% 107.60 28 65°% 12567 +4.31°% 118.27 +4.68°% 108 48 +4.33%
FF+SF+CF+PW+FD 0.80920.001 0.175£0.001 0.127+0.001  3.26:0.00  1.73220.076% 0.356 +0.069°% 0.275 +0.009°% 7.31£0.36°% 113.96+9.76% 122,81 +7.69°% 116,02 +5.17>% 123,41 +4. 69°*

A RAEHFAFE LROBEREZ EFEEEER, WW.DW.P.EAJIRABELRE. TE EOM EERR

Note: Values without same letter in the same column are different from each other. WW, DW, P, and E mean values expressed in wet weight, dry weight, protein and energy, respectively.

£33 TRAXEHFEEMOES LG (FHE £ SE)

Tab.3 Percentages of different diets in different treatments ( mean +SE)

TERHERC TE dry weight EEJA protein BER energy
diets combination FF SF CF PW FD FF SF CF PW FD FF SF CF PW FD
FF 100® 0* 0° 0° 0* 100® 0° 0* 0° 0* 100° 0* 0° 0* 0*
SF 0° 100° 0° 0* 0* 0* 100 0® 0* 0* 0° 100® 0* 0* 0*
CF 0* 0* 100® 0? 0° 0* 0* 100® 0° 0° 0® 0* 100® 0* 0*
PW 0* 0* 0° 100° 0* 0* 0* 0° 100® 0° 0* 0* 0* 100° 0*
FD .00 0° 0* 0* 100® 0* 0* 0* 0* 100° 0* 0* 0° 0* 100®
CF + PW 0* 0* 664:087° BP0 o 0 g 62508 B0 o 0 o 6508 9.45:08° o
CF +FD 0 lig B £6 87 o 61.27 +6.89° o 0 £1.20+7.48° 0 5280 +7.48 o 0 40.57 £7.08° i D4B+7.03°
PW +FD 0 [ia 0 BAYL2R° N02290° 0 o o R 17.46+272° o 0 0 TLO2T° 280227
CF +PW +FD 0 o 5B+195% LB64+475° 1L13:3%° o o 519+19%  §LIRTY 16:27M° o o SH:LEP U440 1072365
FF +CF +PW +FD 7092265 i 206:08° MB+658° 1R19:440° 95234% o 204:08° BN RO£31P TR28° 0 206119 TBR:65° 168014 14
FF+SF+CF+PW+FD 852:1@ 551:04" 0R:015 661£528° BT 47 11.9:10° 697:060% 0%:03° @B34F RO23AF 911LB 56054 0B:05" 6.07:50° 168 x44P

E: AT EE RS RN ENEZ AT ERE LR

Note: Values without same letter in the same column are different from each other.

e 78 56 9 DR ) ok ot e 5 L o B B o PRI RIS [l SRR B Hf s

6¢



30 [ I i ERE

T EBXIFEARLE P SRR EAR, L
BRER PW SRR, UTE. HAK. R
FREHSr R 1,352, 0.959 g, 28.810 kJ; Bjhik

MR FF B3R R A/, AR E 45 R 0197,
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B BT AR PW LB BAR (£4),

£4 FEALEBRMIFRWANERTE. ERRWER (FI19E +SE)

Tab.4 Total dry weight, protein, and energy of ingested diets in different treatments (mean +SE)

Ab¥ treatment FH/g dry weight /g protein BER/k]  energy
FF 0. 197 £0. 027° 0. 180 £ 0. 024° 4.444 0. 603*

SF 0.527.£0. 044" 0.458 +£0. 038" 12.047 £1. 012"
CF 0.733 +0. 044" 0. 487 £0. 029* 15.379 £0. 922
PW 1.352 £0. 125° 0.959 +0. 089° 28. 810 2. 660"
FD 1. 144 +0. 033* 0. 526 0. 015" 22.162 £0. 647*
CF +PW 1. 150 +0. 069* 0. 813 £0. 049* 24.490 + 1. 478°*
CF +FD 0.976 +0. 124~ 0. 528 +0. 070> 19.530 2. 498"
PW +FD 1. 250 £0. 086° 0. 809 +0. 048* 26.028 +1. 7327
CF +FD + PW 0.933 +£0. 079 0. 633 +0. 052 19. 660 + 1. 648°

FF +CF +PW +FD
FF +SF + CF + PW + FD

0.909 +0. 114
0. 983 +0. 068

0. 614 £0. 074>
0. 676 +0. 039

19. 111 +2. 356
20.776 +1.375%

¥: RSP RS HAFSNBEMEZRFEREER

. Note: Values without same letter in the same column are different from each other.

£5 TELEHFOFAEREANESTREBELYE (FHE +SE)

Tab.5 The estimated food conversion efficiencies and observed food conversion efficiencies of

different treatments (mean +SE) %

e F&E dry weigh EH R protein fE & energy
reatmment e ZhME FwE EhE e ZhME

estimated observed estimated observed estimated observed
FF . 6.37 6.37 £0.47° 3.50 3.50 £0. 43" 0.48 0.48 +0. 13"
SF 4.92 4.92 £0. 54° 3.10 3.10 0. 44° 2.22 2.22 +0. 45
CF 13.07 13.07 +£0. 86® 13. 89 13.89 £0.92* 10.78 10. 78 0. 73>
PW 21.25 21.25 £2.75" 20.05 20.05 +£2. 74" 19.76 19.76 +2. 46*
FD . 9.'85 9.85 +1.59° 14.71 14.71 +2.45* - 9.4 9.44 £1.53"
CF + PW 20.71 £0.07 *27.86 +3.43° 19. 66 +£0.05 *26.08 +3.38™ 19.17+0.08  24.74 +3.02°
CF +FD 11.10£0.22 *22.03 £5.63" 14.32 :t:b.OG "28.90 £4.56° 9.99 +0.09 22.39 £5.71°
PW + FD 18.45£0.33 20.10+2.41% 19.12£0.12 21.26+2.82% 17.4120.29 19.39 £2.27%
CF +FD +PW 19.56 £0.51 21.11+2.93%* 19.32:£0.21 21.58 +3.28™ 18.23 +0.45 18.05 +2.58°*
FF +CF +PW +FD 17.93+0.79 *24.67 +4.13° 17.68+0.70 "24.92 +4. 41* 16.37:0.86 °22.37+3.75°
.FF +SF + CF + PW + FD 16.91£0.62 °21.91+2.31>* 16.28+0.39 *21.84+2.51™ 15.13+0.58 *19.43 +2.07%*

I A—FIRAHAF N REREZ AFEEEER. A “+” WEWESFLTREK (P <0.05)

Note: Values without same letter in the same column are different from each other. Observed values with * * ’

mated.

were significantly higher than the esti-
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