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Abstract :The present study was undertaken to evaluate the effects of faecal collection interval (using a settling column) and the

levels of dietary meat and bone meals (MBM) on the apparent digestibility coefficient (ADC) for dry matter , protein , energy and

phosphorus in gibel carp. Six iso2nitrogenous (crude protein : 410 g/ kg) and iso2energetic (gross energy : 18 kJ/ g) diets were

used in which fish meal (FM) protein was gradually replaced by MBM at 0 % , 20 % , 40 % , 60 % , 80 % and 100 %. These diet

combinations were fed to juvenile gibel carp for 11 weeks. The faecal samples were collected two weeks after the beginning of the

experiment using a settlement column starting 1 min after excretion started , or 4h and 16h after feeding. The results showed that

the ADCs of dry matter , protein , energy and phosphorus increased significantly as the time from excretion to faecal collections in2
creased while not being significant for the high MBM inclusion diets. ADCs of dry matter , crude protein , energy and phosphorus

decreased linearly or almost linearly with the increase in dietary MBM levels. These findings suggest that faeces should be collected

soon after they had settled under the conditions of this study for digestibility determination while rapid leaching is apparently re2
sponsible for this false reading of digestibility with increasing sampling interval. It is also apparent that the digestibility is one of the

problems affecting the use of MBM in juvenile gibel carp.
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　　Determination of the apparent digestibility of feed2
stuffs is required to formulate economically optimized

feeds to meet also the nutritional demands of the animal

and to minimize environmental impact derived from excre2
tion[1 ,2 ]. The measurement of digestibility for aquatic

species is technically more difficult than that for terrestrial

animals because nutrients from the faeces can quickly

leach into the water , depending on the contact time in the

water[3 ,4 ]. A number of techniques have been used to

overcome this problem , including stripping of the contents

of the hindgut [5—10 ] , removal of faeces after intestinal

dissection[6 ,7 ,9 ,11—13 ] , and anal suction of faeces using a

specific device[7 ,14 ,15 ] . However , some partially digested

food , urine , sperm , eggs or intestinal epithelial cells can

contaminate the samples and result in an underestimation

of the apparent digestibility coefficient ( ADC) [16—19 ] .

Furthermore , such methods require frequent handling of

the fish which is stressful and is not suitable for obtaining

faeces from small fish[20 ] . Also , these methods can not

be used for continuous assessment of digestibility in com2
bination with growth trials[18 ] .

Other researchers collected faeces in the water by

pipetting immediately after release[21 ] , netting[7 ] , de2
cantation column[22 ,23 ] , continuous effluent filtra2
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tion[24 ,25 ] and the use of metabolic chambers[26 ] . These

methods can avoid the problems caused by collection of

un2defaecated intestinal contents. However , methods that

rely on the removal of feces from the water tend to overes2
timate the ADC as a result of nutrients leaching from the

feces[7 ,27—30 ] Thus , in order to minimize the error of this

source , the faecal particles should be collected quickly

after being voided from the fish. Accurate data were ob2
tained in the study of Spyridakis , et al . [20 ] when faeces

were separated from water in about 30s by using immedi2
ate pipetting and continuous filtration. However , immedi2
ate pipetting requests the investigator to keep close watch

over the tanks , which is labour intensive[20 ] . And as for

the method of continuous filtration , the devices are expen2
sive to install and which will restrict the magnitude of the

experiment [31 ] .

Settlement column ( Guelph system) collection , a

convenient and economical method , seems to be more

suitable in practice than other methods. Satoh et al . [32 ]

proved that the Guelph system is a suitable apparatus for

collecting faeces from salmonid fish to test digestibility.

The results of Allan et al . [4 ] demonstrated that collection

of faeces by settlement is a suitable method for determin2
ing digestibility in juvenile silver perch , although faeces

were collected several hours after the final feeding. Since

Possompes[33 ] indicated that the kinetics of nitrogen

leaching from fish faeces was found to be rapid during the

first 5 minutes of immersion and tended to stabilize after

1h , faeces should be removed from the water within sec2
onds when the Guelph System is employed.

With the levelling of fish meal (FM) production and

the world2wide increase of aquaculture yield in the , the

search for alternatives of FM has become an international

research priority[34 ,35 ] . Using alternative protein sources

as the partial or total replacement of FM , the quality of

the new protein sources should be evaluated in terms of

chemical composition as well as their bioavailability based

on their digestibility and biological values[36 ] . Meat and

bone meal (MBM) , an animal protein source , had suc2
cessfully been used as alternatives of fish meal by some

researchers[36—39 ] . In their studies , digestibility of nutri2
ents differed under different replacement levels. And so it

is suggested that a correlation may exist between nutrient

digestibility and replacement levels. However , no such

confirmation has been published previously. It is well

known that phosphorus in effluent water is a key nutrient

in causing excessive algal blooms and can contribute to

the eutrophication of natural waters[40 ] . Generally , MBM

contains a high level of phosphorus and the indigestible

dietary phosphorus will be excreted by the fish. So it is

necessary to investigate the digestibility of phosphorus in

order to alleviate environmental deterioration.

The gibel carp , Carassius auratus gibelio , is a sub2
species of goldfish or Crucian carp and has almost re2
placed Crucian carp in aquaculture in China because of its

excellent taste and high growth rate[41 ] . So far , little is

known , however , about the digestibility of nutrients in di2
ets where fish meal has been replaced by other protein

sources when using gibel carp . Also , the settlement

methods have not been examined when using these new

feeds.

The aims of present experiment , therefore , were (1)

to determine the effect of fecal collection interval with the

method of settlement on the digestibility of nutrients in the

diets of gibel carp ; (2) to examine the effect of gradual re2
placement of fish meal with MBM on nutrient digestibili2
ty , and to find the correlations between replacement levels

and apparent digestibility coefficients (ADCs) .

1. Materials and methods

1. 1　Experimental diets　White fish meal protein was

replaced at 0 % , 20 % , 40 % , 60 % , 80 % and 100 %

by MBM (provided by the National Renderers Association

(NRA) , USA) in six iso2nitrogenous and iso2energetic

practical diets (Tab. 1) . The chemical composition of in2
gredients is shown in Tab. 2. Phosphorus concentration in

the experimental diets increased with the increase of di2
etary MBM and ranged from 1. 85 % to 2. 83 %. 1 %

chromium oxide (Cr2O3) was used as inert dietary marker

at identical concentrations in all diet formulations em2
ployed in these digestibility measurements. Diets were

made into sinking pellets (2 mm in diameter) by a labo2
ratory pelleter , oven2dried at 60℃and stored at - 20°C

until use.
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Tab. 1　Composition of the experimental diets with gradual replacement of fishmeal by meat and bone meal (MBM)

( % in dry matter) . Indices indicate the protein level in replacements

Ingredients Control MBM20 MBM40 MBM60 MBM80 MBM100

White fishmeal1 43. 22 34. 58 25. 93 17. 29 8. 64 0. 00

Defatted soybean meal2 15. 00 15. 00 15. 00 15. 00 15. 00 15. 00

Meat and bone meal3 0. 00 11. 01 22. 02 33. 03 44. 05 55. 06

Corn starch 18. 98 18. 89 18. 81 18. 72 18. 64 18. 53

Fish oil 4. 77 4. 29 3. 81 3. 34 2. 86 2. 38

Vitamin premix4 0. 40 0. 40 0. 40 0. 40 0. 40 0. 40

Mineral premix5 4. 00 4. 00 4. 00 4. 00 4. 00 4. 00

NaH2PO4·2H2O 2. 52 2. 52 2. 52 2. 52 2. 52 2. 52

Carboxymethyl cellulose 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00

Choline chloride 0. 11 0. 11 0. 11 0. 11 0. 11 0. 11

Cellulose 9. 00 7. 20 5. 39 3. 59 1. 78 0. 00

Chromic oxide 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00

Chemical composition ( % dry matter)

Moisture 7. 66 6. 85 7. 86 7. 56 6. 89 5. 81

Crude protein 41. 47 41. 47 41. 27 41. 42 41. 45 41. 43

Crude lipid 8. 04 7. 81 8. 08 8. 38 7. 92 8. 17

Ash 11. 11 12. 60 14. 03 15. 17 17. 07 18. 54

Nitrogen2free extract 27. 16 27. 10 27. 23 27. 28 27. 02 27. 30

Phosphorus 1. 60 1. 85 2. 06 2. 33 2. 56 2. 83

Digestible energy (kJ/ g) 18. 17 18. 42 18. 38 18. 37 18. 21 17. 84

　　1Source : Golden Alaska , USA

　　2Source : Coland Feed Company , Wuhan , China

　　3Source : the National Renderers Association (NRA) , USA

　　4Vitamin premix (mg/ 1000 g diets) : vitamin A , 1. 83 ; vitamin D , 0. 5 ; vitamin E , 10 ; vitamin K, 10 ; niacin , 100 ; riboflavin , 20 ; pyridoxine , 20 ; thi2

amin , 20 ; D2calcium pantothenate , 50 ; biotin , 1. 0 ; folic acid , 5 ; vitamin B 12 , 2 ; ascorbic acid , 400 ; inositol , 100

　　5Mineral premix (mg/ kg diets) :NaCl ,400 ;MgSO4·H2O ,3365. 6 ;Na2SO4 ,9120 ; KCl ,7000 ;CaSO4 ,5460 ;FeSO4·H2O ,1118. 4 ; (CH2CHCOO) 2Ca·5H2O ,

1400 ;ZnSO4·H2O ,88 ;MnSO4·H2O ,48. 8 ;CuSO4·5H2O ,12. 4 ;CoSO4·H2O ,40 ; KI ,1. 2 ;cellulose ,209. 6

Tab. 2　Proximate composition of the proteins used in the experimental

diets in which fishmeal is gradually replaced by meat and bone meal (g 100/ g dry matter)

Ingredient
White fish meal

( Golden Alaska ,USA)

Meat and bone meal

(NRA ,USA)

Defatted soybean meal

(Coland Feed Company ,Wuhan ,China)

Crude protein 72. 00 56. 52 49. 22

Crude lipid 9. 37 11. 69 1. 22

Ash 12. 69 23. 81 6. 78

Moisture 4. 26 4. 78 8. 10

Phosphorus 2. 18 3. 77 0. 79

Gross energy(kJ/ g) 19. 06 17. 94 18. 44
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Tab. 3　Effect of fecal collection interval on the apparent digestibility coefficient of nutrients in gibel carp diets with different levels of

MBM(means±SE) 3 Authors , we need the n = number of determinations behind the statistics , to be identified in the caption

Diet
Feces collection

period

Apparent digestibility coefficient ( %)

Dry matter1 Crude protein2 Gross energy3 Phosphorus4

Control 1min 68. 99±0. 76a 92. 46±0. 72a 79. 51±0. 26a 38. 80±0. 68a

4h 71. 08±0. 40b 94. 04±0. 21b 83. 62±0. 64b 43. 73±1. 17b

16h 71. 49±0. 54b 95. 82±0. 25c 84. 42±0. 65b 41. 03±1. 57ab

MBM20 1min 69. 68±0. 69a 91. 51±0. 66a 80. 14±1. 37 35. 78±0. 91a

4h 71. 32±0. 64ab 93. 10±0. 29b 83. 29±1. 12 38. 02±0. 90a

16h 72. 92±0. 05b 94. 75±0. 11c 83. 53±0. 42 43. 93±1. 02b

MBM40 1min 67. 90±0. 41a 89. 25±0. 27a 80. 14±0. 83a 27. 20±1. 21a

4h 67. 62±0. 14a 90. 48±0. 13b 82. 25±0. 51ab 35. 43±1. 37b

16h 70. 64±0. 28b 93. 05±0. 18c 84. 06±0. 61b 38. 72±1. 07b

MBM60 1min 66. 62±0. 51 88. 02±0. 29a 79. 99±0. 33a 23. 14±1. 38a

4h 66. 19±0. 76 87. 42±0. 49a 83. 00±0. 29b 27. 08±0. 61b

16h 68. 98±1. 16 91. 02±0. 47b 83. 09±0. 54b 30. 89±0. 99c

MBM80 1min 62. 03±0. 24 83. 89±0. 70a 77. 82±0. 85 20. 32±1. 56a

4h 63. 66±0. 18 85. 85±0. 12b 80. 89±1. 1 23. 27±1. 21ab

16h 64. 64±1. 34 87. 98±0. 63c 80. 93±1. 20 26. 13±0. 65b

MBM100 1min 63. 11±1. 03ab 83. 26±0. 73a 78. 37±0. 12a 17. 57±1. 32

4h 61. 64±0. 86a 82. 38±0. 56a 80. 49±0. 37b 20. 73±0. 98

16h 65. 48±0. 56b 87. 20±0. 56b 81. 17±0. 21b 21. 24±0. 87

　　3 Means in the same column with different superscripts are significantly different ( p < 0. 05)

　　1ADCd : ADC of dry matter ( %) = 100[1 - (Cr2O3 in the diet/ Cr2O3 in the feces) ×(dry matter in feces/ dry matter in the diet) ]

　　2ADCpro : ADC of protein ( %) = 100[1 - (Cr2O3 in the diet/ Cr2O3 in the feces) ×(crude protein in feces/ crude protein in the diet) ]

　　3 ADCe : ADC of energy ( %) = 100[1 - (Cr2O3 in the diet/ Cr2O3 in the feces) ×(energy in feces/ energy in the diet) ]

　　4ADCp : ADC of P ( %) = 100[1 - (Cr2O3 in the diet/ Cr2O3in the feces) ×(P in feces/ P in the diet) ]

1. 2 　Experimental facilities 　The digestibility system

used in the present study was modified from the collection

apparatus described by Allan et al . [4 ] ( Fig. 1) . 18 fi2
breglass digestibility tanks (diameter : 80 cm , water vol2
ume :300L) with cylindro2conical bottoms (conical base

sloped at an angle of 40°) were used in this experiment .

There was a 602mm diameter faecal settling column which

tapered into a 202mm diameter , 80mm length of remov2
able translucent collection container at the bottom. The

effluent pipe connected to the faecal settling column was

acclivitous but not horizontal , which was different from

that of Allan , et al . [4 ] . The system was equipped with a

filter tank filled with zeolite and active carbon for dechlo2
rination of the tap water. Water flow2through rate in the

tanks was set at 2. 5L/ min with the theoretical water re2
newal rate of once every two hours. During the experi2
ment , continuous aeration was supplied to each tank , water

temperature varied between 21. 8℃ and 28. 0℃ ( mean

24. 8℃,n = 77) . The photoperiod was 12L∶12D with the

light period from 08 : 00 to 20 : 00. ( by a 9 Watt lamp

60cm above the water surface) . Dissolved oxygen was

above 6mg/ L and toal ammonia2N (NH+
4 —N plus NH3—
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N) was maintained below 0. 1mg/ L , while pH was around

618. The phosphorus concentration in the rearing water

was less than 0. 05mg/ L during the entire experimental

period.

Fig. 1　Principle layout of the digestibility

tank system used in this study. Dimensions

are not to scale

1. 3 　Fish and feeding 　Young2of2the2year juvenile

gibel carp were obtained from the hatchery farm of the In2
stitute of Hydrobiology , the Chinese Academy of Sci2
ences , Wuhan. Prior to the experiments , fish were accli2
mated to laboratory conditions for 6 weeks. In the first 4

weeks fish were fed a practical diet and then an equal

mixture of experimental diets was given for 2 weeks to sa2
tiation twice a day at 09 :00 and 15 :00 h. At the begin2
ning of the experiment , the fish ( average body weight

316g ; n = 210) were pooled and batch weighed after de2
privation of feed for 1 day and randomly distributed into

18 tanks (30 fish per tank) . Triplicate tanks were ran2
domly assigned to each of the experimental diets. During

the experiment , fish were hand2fed to apparent satiation

twice daily (09 :00 and 15 :00 h) , seven days a week for

11 weeks.

1. 4　Faecal collection procedures　The faecal samples

were collected starting at two weeks after the beginning of

the experiment . Feeding ceased each afternoon , and at

that time the walls of the tanks , the settling columns and

the translucent collection containers were thoroughly

cleaned to remove uneaten feed and faecal residues from

the systems. Thereafter ,samples were withdrawn from the

collection container during three periods : ( 1 ) 12min

samples. Within 1h after the system was cleaned , the in2
vestigators monitored the system carefully and the faeces

in the translucent collection containers were removed im2
mediately after they were settled at the terminal end of the

container. This system allowed a separation of feces from

water within 1min after they were voided by the fish , so

the samples were called 1min sample. (2) 4h samples.

The mixture of faeces and water in the translucent collec2
tion containers was collected 4h post feeding , viz. at

8 :00 pm. (3) 16h samples. The mixture of faeces and

water in the translucent collection container was removed

16h after feeding , viz. at 8 :00 am the next day , encom2
passing a collection period from 4 to 16hs after feeding.

Faecal samples were frozen immediately after collection

and then freeze dried to constant weight . Samples of dif2
ferent collection times were carried out in the same man2
ner for each tank over time.

1. 5 　Analytical methods and calculations 　Protein

content of the feeds and faecal samples were measured us2
ing 2300 Kjeltec Analyzer Unit (FOSS TECATOR , Made

in Sweden) . Lipid was determined by petroleum ether ex2
traction using a Soxtec system (Soxtec System HT6 , Teca2
tor , Hoganas , Sweden) , ash by combustion at 550℃,

gross energy by bomb calorimetry ( Phillipson Microbomb

Calorimeter ; Gentry Instruments Inc. , Aiken , USA) ,

and Cr2 O3 content by concentrated nitric and perchloric

acid digestion[42 ] . P concentrations in the diets and feces

were analysed by inductively coupled plasma emission

spectrophotometry ( IRIS advantage , TJA solutions ,USA)

at HuBei Agricultural Academy of Sciences of China. Dry

matter was determined by drying at 105℃ to constant

weight [43 ] . At least duplicate measurements were made for

each sample.

The apparent digestibility coefficient (ADC) of dry

matter was calculated as described by Cho & Kaushik

(1990) [44 ] :

ADC( %) = 100 - 100×
%Cr2O3in diet
%Cr2O3in feces

The apparent digestibility coefficients (ADCs) for

protein , energy and phosphorus were calculated according

to the formula :

ADC( %) = 100 - 100×
%Cr2O3in diet×%nutrient in feces
%Cr2O3in feces×%nutrient in diet
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1. 6　Statistical analysis　Data are presented as means

of duplicate analyses from three replicate tanks. Duncanπs

multiple range test was used to compare the difference be2
tween means after one2way analysis of variance. Statistica

6. 0 was used to perform statistical calculations. Differ2
ences were considered significant at p < 0. 05.

2　Results

The effect of faecal collection interval on ADCs of

nutrients was presented in Tab. 3. The ADC of dry mat2
ter in each diet increased significantly with the increase of

time that faeces were exposed in water ( p < 0. 05) while

there were no statistically significant differences between

each faecal collection time in MBM60 and MBM80 group

( p > 0. 05) . Increasing the faecal collection interval re2
sulted in a significant ( p < 0. 05) increase in ADC of

protein , but no significant differences ( p > 0. 05) were

observed between the ADC of protein of the 4h samples

and 1min samples in MBM60 and MBM100 group ( p >

0. 05) . ADCs of energy and phosphorus exhibited the

same trend as dry matter and crude protein. The ADC ob2
tained from the 1 min samples were much lower than that

determined with feces collected at 4h or more.

ADCs of dry matter , crude protein , energy and

phosphorus decreased linearly or near linearly as dietary

MBM levels increased (Fig. 2—Fig. 5) . The relationships

between ADC and replacement level of FM protein by

MBM protein (MBMP) can be described as follows :

Fig. 2　Relationship between ADC of dry matter and dietary MBM protein levels as affected by different time intervals elapsed

from the start of faeces collection until after 16 hours

Fig. 3　Relationship between ADC of protein and dietary MBM protein levels and the effects of delayed faeces sampling of faeces(1min ,4 and 16 hours after

start of faeces collection)
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Fig. 4　Relationship between ADC of energy and dietary MBM protein levels

Fig. 5　Relationship between ADC of phosphorus and dietary MBM protein levels

　　The relationships between ADC of dry matter and re2
placement levels in protein of FM by MBM were :

ADCd21min = 70. 2233 - 0. 0767 3 MBMP

R2 = 0. 7488 , p < 0. 001 ,n = 18

ADCd24h = 72. 0357 - 0. 1023 3 MBMP

R2 = 0. 9150 , p < 0. 001 ,n = 18

ADCd216h = 73. 0598 - 0. 0807 3 MBMP

R2 = 0. 7209 , p < 0. 001 ,n = 18

where ADCd21min , ADCd24hand ADCd216h ( %) are the ap2
parent digestibility coefficient of dry matter determined

with 1min samples , 4h samples and 16h samples , respec2
tively. MBMP ( %) is the replacement level of FM pro2
tein by MBM protein.

The relationships between ADC of protein and re2

placement levels in protein of FM by MBM were :

ADCpro21min = 93. 0701 - 0. 1001 3 MBMP

R2 = 0. 9074 , p < 0. 001 ,n = 18

ADCpro24h = 94. 8142 - 0. 1187 3 MBMP

R2 = 0. 9676 , p < 0. 001 ,n = 18

ADCpro216h = 96. 3079 - 0. 0934 3 MBMP

R2 = 0. 9454 , p < 0. 001 ,n = 18

where ADCpro21min , ADCpro24h and ADCpro216h ( %) are the

apparent digestibility coefficient of protein determined

with 1min samples , 4h samples and 16h samples , respec2
tively.

The relationships between ADC of energy and re2
placement levels in protein of FM by MBM were :

ADCe21min = 79. 7071 + 0. 0222 3 MBMP - 0. 0004 3
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MBMP2 ;

R2 = 0. 2802 , p < 0. 05 ,n = 18

ADCe24h = 83. 5592 - 0. 0109 3 MBMP - 0. 0002 3

MBMP2 ;

R2 = 0. 4767 , p < 0. 05 ,n = 18

ADCe216h = 84. 3524 - 0. 0131 3 MBMP - 0. 0002 3

MBMP2 ;

R2 = 0. 5623 , p < 0. 05 ,n = 18

where ADCe21min , ADCe24h and ADCe216h ( %) is the

apparent digestibility coefficient of energy determined with

1min samples , 4h samples and 16h samples , respective2
ly.

The relationships between ADC of phosphorus and

replacement levels in protein of FM by MBM were :

ADCp21min = 38. 3199 - 0. 2237 3 MBMP

R2 = 0. 9162 , p < 0. 001 ,n = 18

ADCp24h = 43. 3499 - 0. 2395 3 MBMP

R2 = 0. 9455 , p < 0. 001 ,n = 18

ADCp216h = 45. 0962 - 0. 2288 3 MBMP

R2 = 0. 8778 , p < 0. 001 ,n = 18

where ADCp21min ,ADCp24hand ADCp216h ( %) are the

apparent digestibility coefficient of phosphorus determined

with 1min samples , 4h samples and 16h samples , respec2
tively.

3　Discussion

It is generally accepted that collecting faeces from

the water tend to overestimate the ADCs as a result of nu2
trient leaching from the faeces. The leached material

should be added to the non2metabolized portion. Howev2
er , since the amount is unknown it is often simply forgot2
ten and therefore contributes to the error of the presumed

converted material Windell et al . [7 ] demonstrated that

most of the nutrient leaching from faeces occurred during

the first hour after defaecation. Similar results were ob2
served by Possompes[40 ] . In the study of Watanabe et

al . [30 ] , leaching was considered to explain the increase

in ADC of digestible energy for rainbow trout using faeces

collected at increasing time intervals after feeding. Con2
versely , Cho et al . [45 ] claimed that nutrient leaching is

minimal when the faeces remain undisturbed and unbro2
ken until faecal pellets are collected. There was no signif2
icant difference in the ADC of dry matter , protein , lipid

and energy for rainbow trout faeces determined with the

Guelph System in a serious of extended collection intervals

(3 , 6 , 9 , 12 or 15h after the final feeding) [32 ] . The data

of Allan et al . [4 ]indicated that leaching did not affect the

digestibility coefficients after faeces had settled and con2
cluded that collection of faeces by settlement over 18h is a

suitable method for determining overall digestibility in ju2
venile silver perch. However , both Satoh et al . [32 ] and

Allan et al . [4 ] collected faeces at least 2h after feeding.

It was the very time that most leaching of nutrients from

feces had occurred[7 ,33 ] . In the present study , 1min sam2
ples showed the lowest ADC values while 16h samples ob2
tained the highest , which were agreeable to the previous

reports. Certainly , leaching from faeces is also dependent

on the consistency and compactness of the faecal material .

Numerous fish species produce faeces with a relatively

strong peritrophic membrane which keeps the faecal mate2
rial togethere while other species produce faeces that ex2
tremely quickly desintigrate and release a lot of soluble or2
ganics and nutrients immediately into the water. There2
fore , differences in ADC values should be expected even

when using the same sampling technique.

Besides the species2specific differences in faecal sta2
bility , diet formulation was also reported to affect the fae2
cal stability and resistance to leaching. Satoh et al . [32 ]

used two different diets with settling columns for di2
gestibility studies. Herring meal , white FM , soybean

meal and corn gluten meal were the protein sources of the

diet 1 while the diet 2 contained only white FM as the

protein source. The results showed that digestibility of

crude protein in the diet 1 determined in faeces collected

at 3h was significantly lower than that collected after 9h

while no significant difference due to sampling time was

found in the diet 2. Similarly , ADCs of nutrients in the

control diet determined in the 4h samples were significant2
ly higher than that determined with the 1min samples in

the present study , while it was not the case when MBM

was added to the five other diets. Brinker et al . [46 ] found

that the addition of binders would enhance faecal stability

and improve shear resistance.

In order to reduce the leaching of nutrients , any dis2
turbance to the faeces after they have been released by the

fish should be avoided as far as possible[32 ] . In the pre2
sent study , the mixture of faeces and surrounding water
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from the bottom of the column was collected to avoid the

handling loss. However , the ADC values of nutrients in2
dicated that the loss of nutrients from the faeces was still

significant. Because the faecal settling column was con2
nected with the effluent pipe , the leached nutrients of the

faeces in the collection container may partially be removed

by the water outflow. Thus , faeces should be taken

quickly after they were excreted when using the present

faecal collection system for gibel carp . Furthermore , the

effluent pipe should be set at upper position of the faecal

settling column and/ or the faecal settling column should

be prolonged in the future work to reduce the disturbance

of water outlet to the settled faeces. Another option to be

considered further would be a collecting double2conveyor

belt by which the faeces are preserved transported in

timed intervals of 5—10 minutes to a preservation cham2
ber while being packaged between the two layers of the

belts and cooled to avoid metabolic activity[8 ] .

In the study of Spyridakis et al . [20 ] some faecal ma2
terial often stood momentarily in the connection pipe be2
tween the tank bottom and the decantation column. ADC

was overestimated after faeces were exposed to a constant

flow of water , which was also observed by Hajen et al . [9 ]

when a substantial amount of nutrients and organic materi2
als were washed out . The foregoing problem was solved in

later experiments[47 ] by reducing the cross2section of the

connecting pipe which could increase water velocity and

thus carry the faeces to the settling column more quickly.

Allan et al . [4 ] modified the faecal collection system by

taking out the connection pipe between the tank bottom

and the settling column so that the faeces only sink to the

settlement chamber. Using this system , the faecal pellets

could settle to the terminal end of the collecting chambers

within 20—30s while being voided by fish. In the present

study , the traveling time of faeces from the fish after re2
lease to the bottom was also within 30s. Furthermore , the

effluent pipe connected to the faecal settling column was

acclivitous but not horizontal , which would reduce the

leaching of faeces by the water outflow.

ADC showed dial variations and differences at differ2
ent periods of the experiment [8 ,10 ,48 ,49 ] . To reduce the

variability , digestibility studies should be based on pooled

faecal material collected over a number of days , if not

weeks , and include the majority of faeces produced from

each meal [4 ,49 ] . In the present study , faecal samples

were obtained because the faeces were collected in combi2
nation with growth trials for about 9 weeks (except the

first two weeks of the experiment) , thereby reflecting the

overall apparent digestibility of whole experimental peri2
od . Certainly , this assumes that during this period

metabolic efficiency has not changed with growth , an as2
sumption that may have to be specifically studied when in2
vestigating very young fish.

Decreased apparent digestibility has been reported in

gibel carp and turtle with the increase in dietary inclusion

of MBM[39 ,50 ] . Zhou et al . [51 ] reported lower digestibility

of dry matter , protein , lipid , phosphorus and energy of

MBM than that of FM. Lower apparent protein digestibili2
ty of MBM compared to that of FM had also been reported

in other fishes or shrimps[36 ,39 ,50—57 ] . MBM contains a

high level of ash content and it was proved to correlate

negatively with protein digestibility[39 ,52 ,58 ,59 ] . In the pre2
sent study , apparent digestibility of dry matter , protein

and phosphorus decreased linearly with the increase in di2
etary MBM levels. Low digestibility of MBM could be one

of the problems affecting the use in aquafeed. New pro2
cessing technology should be developed to improve the di2
gestibility so as to improve the quality of MBM.
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粪便收集时间和饲料中肉骨粉含量对异育银鲫( Carassius

auratus gibelio) 消化率的影响

张　松1 ,3　解绶启1 ,2　朱晓鸣1　雷　武1　韩　冬1　杨云霞1

(1.中国科学院水生生物研究所淡水生态与生物技术国家重点实验室 ,武汉　430072 ;

2.上海高校 E研究院水产养殖分部 , 上海　200090 ;3.中国科学院研究生院 ,北京　100039)

摘要 :本研究探讨了通过收集器不同粪便收集时间和饲料中肉骨粉 (MBM)含量对异育银鲫干物质、蛋白、能量、磷

的表观消化率 (ADC) 影响。不同梯度 (0 , 20 , 40 , 60 , 80 ,100 %)的肉骨粉替代鱼粉 ( FM) 蛋白配制成六种等氮

(粗蛋白 : 410 g/ kg) 等能 (总能 : 18 kJ/ g) 的饲料 ,通过 11周的饲养实验 ,实验开始后 2周开始收集粪便 ,收集时间

分别是 :排粪后 1 min , 投喂后 4h和 16h。结果表明 ,干物质、蛋白、能量、磷的消化率明显随粪便收集时间增加而升

高 ( p < 0. 05) ,但在高肉骨粉替代饲料中差异不显著 ( p > 0. 05)。干物质、蛋白、能量、磷的消化率随饲料中肉骨粉含

量的增加呈线性或近线性下降。因此 ,在消化率测定中应该尽快收集排出的粪便以保证消化率的真实性。消化率

是影响肉骨粉利用一个因素。

关键词 :粪便收集时间 ;肉骨粉 ;消化率 ;异育银鲫

90　　　 水　　生　　生　　物　　学　　报 32卷


