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Abstract

It was evaluated whether earthworm meal can fully replace fishmeal 1n supplemental feeds for common carp (Cyprinus
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Table 1. Chemical composition and energy content of single feed ingredients and final composition of trial feeds

Feed ingredient DM CA CP CL GE Feed | Feed 2 Feed 3
[%FM] [%DM] [%DM] [%DM] [MlkgDM] [%DM] [%DM] [% DM]
Fishmeal 92.0 29.9 63.4 6.9 16.3 18 9 0
Earthworm meal 89.8 8.0 443 8.8 20.8 0 13 26
Heated Soy bean meal ~ 94.6 5.0 40.0 19.4 22.6 32 32 32
Corn Meal 89.9 0.7 9.0 4.5 17.7 30 30 30
Rice bran 90.5 13.0 8.0 2.7 17.6 7 6 5
Cassava meal 90.4 2.0 1.2 0.5 16.8 6 6 4
Vitamin mix 90.0 0.0 0.0 0.0 0.0 1 ] ]
Mineral mix 90.0 100.0 0.0 0.0 0.0 1 ] ]
Rice straw 93.2 11.7 8.3 1.4 15.5 4 1.5 ]
Sunflower o1l 98.0 0.0 0.0 100.0 nd ] 0.5 0
Total 100 100 100

CA: crude ash; CL: crude lipid; CP: crude protein; DM: dry matter; FM: fresh matter; GE: gross energy
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Table 2. Chemical and essential amino acid composition of trial feeds and requirements of juvenile common carp

Component Unit Requirement * Feed 1 Feed 2 Feed 3
DM % of FM na 90.8 90.0 88.4
CA % of DM na 10.9 8.5 6.5
CP % of DM 32° 297 30.9 31.0
CL % of DM na 12.2 11.9 11.0
P % of DM 0.70 0.32 0.25 0.17
TI % of DM na 0.29 0.24 0.23
GE MlJ/kg DM 13.4° 20.1 20.6 20.7
Thr % of CP 4.7 3.7 3.7 4.0
Val % of CP 4.4 4.0 4.2 43
Met % of CP 2.2 1.5 1.5 1.5
Ile % of CP 3.1 34 3.7 39
Leu % of CP 4.4 6.9 7.0 7.6
Phe % of CP 4.1 4.1 42 4.5
His % of CP 1.6 2.1 42 23
Lys % of CP 6.9 4.5 4.6 4.8
Arg % of CP 5.3 6.0 5.6 59
Trp % of CP 0.9 0.9 1.0 1.1

*(NRC, 2011), ° digestible protein/energy

Arg: Arginine;CA: crude ash; CL: crude lipid; CP: crude protein; DM: dry matter; FM: fresh matter; GE: gross energy; His: Histidine; Ile:
Isoleucine; Leu: Leucine; Lys: Lysine; Met: Methionine; P: phosphorus;Phe: Phenylalanine; Thr: Threonine; TI: Trypsin-Inhibitor; Trp:
Tryptophan; Val: Valine.
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Table 3. Water quality parameters (mean+SD) over the experimental period

Parameter Unit Mean+SD
NO,-N mg L~ 0.04+0.01
NO;-N mg L 0.43+0.15
TAN mg L™ 0.15 +0.07
UIA-N ng L 6.2+1.8
TN mg L™ 1.81+0.29
PO,-P mg L 0.01£0.01
TP mg L™ 0.16+0.11
SDD cm 34.7+£2.0
pH 7.7+0.1
Temperature °C 31.9+£0.9
0% am mg L™ 1.9+0.5
0212 am mg L-l I:’ré'gi%hj
026 pm mg Lt : 2
TSS mg L™ 32.445.9
TSSore mg L 14.6+1.7
TSSinore mg L 17.8+5.1

NH;-N: un-ionized ammonia nitrogen; NO»-N: nitrite nitrogen; NO3-N: nitrate nitrogen; O% am, 12.am, 6pm: 0Xygen averaged over all measured
depths at the respective day time; PO4-P: ortho-phosphate phosphorus; SDD: Secchi disk depth; TAN: total ammonia nitrogen; TN: total
nitrogen; TP: total phosphorus; TSS: total suspended solids; TSS.,: organic fraction of TSS; TSS;;«: Inorganic fraction of TSS



4. TEX) TR 25 B

Table 4. Dry matter (DM) of different size groups of zooplankton and zoobenthos (mean=+ SD) per unit pond area as an
estimate of the natural food available for stocked common carp

Size class DM per unit pond area [mg/m~]
Zooplankton > 60 pm T72£187
> 200 pm 364=£88

Zoobenthos >0.5cm 52+£53
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Table 5. Proximate body composition of trial fish fed the three test diets 1, 2 and 3 in which fishmeal protein was replaced by
0%, 50% and 100% earthworm meal protein, respectively. In four replicate each, these test diets were fed to groups of
common carp at 0, 10 and 20 g/kg”® metabolic body mass at stocking densities of five and ten fish per net cage

Daily

feeding (g ke™] 0 10 20

Stocking [Fish cage™] 5 10 5 5 5 10 10 10
Feed No No 1 2 3 1 2 3
DM % of FM 13.6£1.7 17.441.0¢ 23.5+0.1° 24 7+1 4" 242+ 5° 28 8+2 8P 27 64 7% 28 8+1.2°
CA % of DM 30.145.2* 24 243 5 15.3+1.1° 14.9+1.3" 14.5+1.0° 11.8+0 .9 11.60.6° 10.8+0.5"
CP % of DM 6715 3% 73.942 6° 71.1+1.2* 71.5+2 8% 69.3+2.1° 62.8+1 .65 61.0+2.0>¢ 60.1+1.6¢
CL % of DM 0.9+0.3° 1.3£1.0° 9 8+1.5° 11.4+35° 12.6+2.2° 23 4+2.7* 252+29° 24 6+1.7°
GE MJ kg™ 1531 4° 16 9£1 3° 21.5+0 6* 21.7£0.6* 22004 24 420.7*" 2481 1™ 24802

Mean values in the rows that do not share the same superscript(s) differ significantly in the pond management effect at P<0.05.

CA: crude ash; CL: crude lipid; CP: crude protein; DM: dry matter; FM: fresh matter; GE: gross energy
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Figure 1. Specific growth rate (SGR; y-axis) of common carp receiving four feeds (None: no supplemental feeding and
supplemental feeds 1, 2, and 3 in which fishmeal derived protein is replaced by 0%, 50%, and 100% earthworm meal
protein, respectively) plotted against level of supplemental feeding (none, 10 g/kg”® metabolic body mass, and 20 g/kg”*
metabolic body mass) and stocking density (5 and 10 fish per net cage).

SGR [% / day] = 100 * ((In final body mass (€) = N initial body mass (£)) / time (days))
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Figure 2. Delta SGR per zooplankton dry mass per fish (%/ d * mg; y-axis) of common carp receiving three supplemental
feeds (1, 2, and 3 in which fishmeal derived protein is replaced by 0%, 50%, and 100% earthworm meal protein,
respectively) plotted against level of supplemental feeding (none, 10 g/kg”® metabolic body mass, and 20 g/kg”® metabolic
body mass). Equations and r* given in the legend are describing the linear regression and the fitting accuracy of the
respective feed.
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