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Abgract :The present gudy was undertaken to eva uate the dfects of faeca oollection interval (usng a settling column) and the
levdlsdf dietary meat and bone meds (MBM) on the gpparent digedihility codfficient (ADC) for dry méiter , protein, energy and
phosphorusin gbe cap. 9x igo-nitrogenous (crude protein: 410 ¢/ kg) and io-energetic (gross energy: 18 KJ/ g) diets were
used inwhichfish med (FM) protein was gradudly replaced by MBM a 0 %, 20 %, 40 %, 60 %, 80 % and 100 %. These diet
combinations were fed to juvenile gbe carp for 11 weeks. Thefaecd sanpleswere collected two weeks dter the begnning of the
experiment usng a stlement column garting 1 min dter excretion garted , or 4h and 16h dter feeding. The results showed that
the ADCsd dry metter , protein, energy and phosphorus increased sgnificantly as the time from excretion to faeca collectionsin-
creased while not being sgnificant for the high MBM includon diets. ADCsd dry meter , crude protein, energy and phogphorus
decreased linearly or dnog linearly with the increase in dietary MBM levels. These findings suggest that faeces shoud be oollected
soon dter they had settled under the conditions of this sudy for digedibility determination while rapid leaching is goparertly re-
gonghle for thisfa s reading o digedihbility with increadng sanrpling interval . It is d 9 gpparent that the digedibility isone of the

problems dfecting the use of MBM in juvenile gbe camp.
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Determination of the gpparent digedibility of feed
dufs is required to formulate ecoromicaly optimized
feeds to meet d= the nutritiona demands of the animal
and to minimize environmenta impact derived from excre-
tionl*?!. The measurement of digedibility for aquatic
gecies istechnicdly nore difficult than that for terregria
animals because nutrients from the faeces can quickly
leach into the water , depending on the contact time in the
water®#. A number of techniques have been used to
overoome this problem, including stripping of the contents
o the hindgut!® = | renoval of faeces dter integtinal
dissection!®”° 13! and anal suction of faeces using a
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wecific devicel” . However , ome partialy digested

food , urine, perm, eggsor intedinal epithelia cells can
contaminate the sanples and result in an underegtimation
of the apparent digedibility coeficient (ADC) !9,
Furthermmore, such methods require frequent handling of
the fish which is dresful and is not suitable for obtaining
faecesfrom smdl fish!®!. Alo, these methods can ot
be used for continuous asessment of digedibility in com-
bination with growth trial st*®!,

Other researchers oollected faeces in the water by
pipetting immediately dter release®! | netting!”! , de-

cantation ocolumn'2®! | oontinwus  fluent  filtrar
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tion!*®! and the use of metakolic chambers®!. These
methods can awid the problems caused by oollection of
urr def aecated intestinal contents. However , methods thet
rely on the renoval of fecesfrom the water tend to overes-
timate the ADC as a result of nutrients leaching from the
feces”?’~®! Thus, in order to minimize the error of this
urce, the faecal particles sould be oollected quickly
dter being wided from the fish. Accurate data were ob-
tained in the sudy of yridakis, e al. [®! when faeces
were separated from water in about 30s by usng immedi-
ate pipetting and ocontinuous filtration. However , immedi-
ate pipetting requeds the invedigator to keep close watch
over the tanks, which is labour intensve!®!. And as for
the method of conti nuousfiltration , the devices are expen-
dve to ingall and which will redrict the magnitude of the
experiment!®

Settlement column ( Quelph sytem) oollection, a
oonvenient and ecoromical method , seems to be nore
suitable in practice than other methods. Satoh et al . ¥
proved that the Quelph system is a suitable gpparatus for
oollecting faeces from sanonid fish to tes digedibility.
The results of Allan et al. ') denongrated that collection
of faeces by sttlement is a suitable method for determin-
ing digedibility in juvenile dlver perch, athough faeces
were oollected severa hours dter the find feeding. Snce
Posonpes®! indicated that the kinetics of nitrogen
leaching from fish faeces was found to be rgpid during the
fird 5 minutes of immerson and tended to dabilize dter
1h, faeces sould be renoved from the water within sec-
onds when the Quelph Sydem is employed.

With the levelling of fish meal (PFM) production and
the world-wide increase of aquaculture yield in the, the
search for aternatives of FM has become an international
ressarch priority!® ). Usng alterndtive protein ources
as the partid or tota replacement of FM , the qudity of
the new protein ources sould be evaluated in terms of
chemical composdtion aswell as their bioavailability based
on their digedtibility and biological values®'. Meat and
bone med (MBM) , an animd protein ource, had suc
cessully been used as dternatives of fish meal by ome
ressarcherd® ! |n their sudies, digedtibility of nutri-
ents differed under different replacement levels. And D it

is suggeded that a corrdation may exig between nutrient
digedibility and replacement levds. However, mo such
corfirmation has been published previoudy. It is wel
known that phophorusin efluent water is a key nutrient
in caudng excessve dgd blooms and can contribute to
the eutrophication of natural waters®!. Generally , MBM
contains a high level of phogphorus and the indigegible
dietary phogphorus will be excreted by the fish. S it is
necessary to invedigate the digedibility of phogphorus in
order to dleviate environmentd deterioration.

The gbe carp, Carassius auratus gibdio, isa sub-
gecies of gldish or Crucian cap and has dnog re
placed Crucian carp in aguaculture in China because of its
excellent tage and high gowth rate!™).  far, little is
known , however , about the digedibility of nutrientsin di-
ets where fish mea has been replaced by other protein
urces when udng gbe cap. Al, the sttlement
methods have not been examined when usng these new
feeds.

The aims of present experiment , therefore , were(1)
to determine the dfect of feca oollection interval with the
method of settlement on the digedibility of nutrientsin the
dietsof gbel cap ; (2) to examine the dfect of gradud re-
placement of fish meal with MBM on nutrient digedibili-
ty , and to find the correlations between replacement level s
and gpparent digedtibility codficients (ADCs) .

1. Materials and methods

1.1 Experimental diets White fish meal protein was
replaced a 0%, 20 %, 40 %, 60 %, 80 % and 100 %
by MBM (provided by the Nationa Renderers Asciation
(NRA) , USA) in dx ir-nitrogenous and iso-energetic
practical diets (Tab. 1) . The chemica conrposition of in-
gredientsis shown in Tab. 2. Phogphorus concentration in
the experimental diets increased with the increase of di-
etary MBM and ranged from 1. 85% to 2. 83%. 1%
chromium oxide (Cr,Os) was used asinert dietary marker
a identicad concentrations in dl diet formulations enr
ployed in these digedibility measurements. Diets were
made into snking pellets (2 mmin diameter) by a labo-
ratory pelleter , oven-dried a 60 and dored a - 20°C
until use.
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Tab.1 Composttion o the experimental diets with gradual replacement o fishmeal by meat and bone meal (MBM)
(% in dry meter) . Indices indicate the protein leve in replacements

Ingredients Control MBMz MBM.o MBMg, MBMg, MBMa0o
White fishmeal 43.22 34.58 25.93 17.29 8.64 0.00
Defatted oybean meal 2 15.00 15.00 15.00 15.00 15.00 15.00
Meat and bone meel® 0.00 11.01 2.02 33.03 44.05 55.06
Qorn garch 18.98 18.89 18.81 18.72 18.64 18.53
Fish il a.77 4.29 3.81 3.3 2.86 2.38
Vitamin premix® 0.40 0.40 0.40 0.40 0.40 0.40
Mineral premix® 4.00 4.00 4.00 4.00 4.00 4.00
NaH,PO,- 2H,0 2.52 2.52 2.52 2.52 2.52 2.52
Carboxymethyl celluose 1.00 1.00 1.00 1.00 1.00 1.00
Croline chioride 0.11 0.11 0.11 0.11 0.11 0.11
Cdluose 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 compasition ( % dry matter)

Moi gure 7.66 6.85 7.86 7.56 6.89 5.81
Qrude 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 1.1 12.60 14.03 15.17 17.07 18.54
Nitroger-free extract 27.16 27.10 27.23 27.28 27.02 27.30
Progphorus 1.60 1.85 2.06 2.33 2.56 2.83
Digedible energy (KI/ g 18.17 18.42 18.38 18.37 18.21 17.84

1urce: Glden Alaska, USA

2urce: land Feed Gonpany , Wuhan, China

3urce: the Nationd Renderers Asodiation (NRA) , USA

“Vitarrin premix (mg/ 1000 g diets) : vitamin A, 1.83; vitarin D, 0.5; vitamin E, 10; vitamin K, 10; niacin, 100; riboflavin, 20; pyricoxine, 20 ; thi-
amin, 20; D-cdcium pantothenate, 50; hiotin, 1.0; folic acid, 5; vitamin By, 2; asorbic acid, 400; inodtol , 100

SMinerd premix (my/ kg diets) :NaQ ,400 ;MgS0,4- Hy0 ,3365. 6 ;Na; S0, ,9120 ; KA ,7000 ;CaS0, ,5460 ; FeS0,- Hy0,1118. 4; (CH,CHOOO) 2Ca- 5H,0 ,
1400 ; Zn0,- H,0 ,88 ;Mn0,- H,0 ,48. 8; CuS0,4- 5H,0 ,12. 4 ;00,4 H,0 ,40; Kl 1. 2;celulose ,209. 6

Tab.2 Proximate composition d the proteins used in the experimental
diets in which fishmeal is gradually replaced by meat and bone meal (g 100/ g dry métter)

Ingedient White fish med Meat and bone medl Defatted soybean med
(Glden Alaska ,UA) (NRA ,USA) (Gland Feed Gonpany ,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
Moidure 4.26 4.78 8.10
Phogphorus 2.18 3.77 0.79

Qoss energy (KJ/ @) 19.06 17.94 18.44
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Tab.3 Hfect o fecal cdlection interval on the apparent digegtibility coeficient of nutrients in gibe carp diets with different levds o
MBM (means+ SE) ~ Authors, we need the n =number of deter minations behind the gatigtics, to be identified in the caption

Di Feces oollection Apparent digedibility coeficient ( %)
jet i
period Dry metter’ Crude protein? Qoss energy® Phoghorus’
Gontrol min 68.99+0.76% 92.46+0.72% 79.51 +0.26% 38.80+0.68%
4h 71.08 +0. 40° 94.04+0.21° 83.62+0.64° 43.73+£1.17°
16h 71.49 +0.54° 95.82+0. 25° 84.42 +0.65° 41.03+1.57%®
MBMa min 69.68+0.69% 91.51+0.66% 80.14+1.37 35,78 £0.912
4h 71.32+0.64% 93.10+0.29° 83.29+1.12 38.02+0.90%
16h 72.92+0.05° 94.75+0.11° 83.53+0.42 43.93+1.02°
MBM4o rin 67.90+0.412 89.25+0.27% 80.14 +0.83% 27.20+1.212
4h 67.62+0.14% 90.48+0.13° 82.25+0.51% 35.43+1.37°
16h 70.64+0.28° 93.05+0. 18° 84.06+0.61° 38.72+1.07°
MBMgo 1min 66.62+0.51 88.02 +0.29% 79.99 +0.33% 23.14+1.38%
4h 66.19+0.76 87.42 +0. 49° 83.00+0.29° 27.08+0.61°
16h 68.98+1.16 91.02+0.47° 83.09+0.54° 30.89+0.99°
MBMgy min 62.03+0.24 83.89 +0. 70° 77.82+0.85 20.32+1.56%
4h 63.66 +0.18 85.85+0.12° 80.89+1.1 23.27+1.21%
16h 64.64+1.34 87.98+0.63° 80.93+1.20 26.13+0. 65"
MBM1o rin 63.11+1.03% 83.26+0.73% 78.37+0.12% 17.57+1.32
4h 61.64+0.86% 82.38+0.56° 80.49 +0.37° 20.73+0.98
16h 65.48+0.56" 87.20+0.56" 81.17+0.21° 21.24+0.87

*Means in the same ool umn with different superscripts are dgnificantly different ( p <0. 05)

IADCd: ADCof dry metter (%) =100[1- (Or;Ozinthe diet/ CrOsin thefeces) x (dry metter infeces dry neter in the diet) |
2ADCpro: ADC df protein ( %) =100[1- (CrOsinthe diet/ Or;0zin thefeces) x (crude protein in feces crude protein in the diet) |
3ADCe: ADCof energy (%) =100[1- (Or;0zinthe diet/ OrOsin thefeces) x (energy in feces energy in the diet) |

“ADM: ADCof P (%) = 100[1- (OrOsinthe diet/ Or,O4in thefeces) x (Pinfeced Pin the diet) ]

1.2 Experimental facilities The digedibility sygem
used in the present gudy was nodified from the collection
goparatus described by Allan e al. ! (Fg. 1). 18 fi-
breglass digedihility tanks (diameter: 80 cm, water vol-
ume:300L) with cylindro-conical bottoms (conica base
doped a an ande of 40°) were used in this experiment.
There was a 60-mm diameter faecal sttling col umn which
tgpered into a 20-mm diameter , 80mm length of remov-
able tranducent oollection container a the bottom. The
efluent pipe connected to the faecd settling column was
acclivitous but ot horizonta , which was different from

that of Allan, e al. ", The sysem was equipped with a
filter tank filled with zeolite and active carbon for dechlo-
rination of the tap weater. Water flow-through rate in the
tanks was st at 2. 5./ min with the theoretica water re-
newa rate of once every two hours. During the experi-
ment , conti nuous aeration was supplied to each tank , water
tenperature varied between 21.8  and 28.0  (mean
24.8 ,n=77). The photoperiod was 12U 12D with the
light period from 08:00 to 20:00. (by a 9 Watt lanp
60cm alove the water surface) . Dislved oxygen was
above 6mgy/ L and tod ammoniaN (NH;” —N plusNH; —
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N) was maintained below 0. 1mg/ L , while pH was around
6. 8. The phogphorus concentration in the rearing water
was less than 0. 05mg/ L during the entire experimental

period.
(o = influent
mn / tap
3001

cylindroconical
digestibility
tank

Ve
effluent

air stone

10mm mesh to
hold fish in tank

acclivitous

effluent pipe —— sediment column

— valve

removable
collection chamber

Fg.1 Pindple layout o the dgedihility
tank sygem used in this sudy. Dimensons
are ot to scde

1.3 Fish and feeding  Youngdf-the-year juvenile
gbe cap were obtained from the hatchery farm of the In-
ditute of Hydrobiology , the Chinee Academy of <ii-
ences, Wuhan. Prior to the experiments, fish were accli-
meted to laboratory conditions for 6 weeks. In the firg 4
weeks fish were fed a practicd diet and then an equal
mixture of experimental diets was given for 2 weeks to s
tiation twice a day a 09:00 and 15:00 h. At the begn-
ning of the experiment , the fish (average body weight
3.69; n=210) were pooled and batch weighed dter de-
privation of feed for 1 day and randomly digributed into
18 tanks (30 fish per tank) . Triplicate tanks were ran-
domly assgned to each of the experimenta diets. During
the experiment , fish were hand-fed to gpparent siation
twice daily (09:00 and 15:00 h) , seven days a week for
11 weeks.

1.4 Faecal cdlection procedures Thefaecd sanples
were oollected darting at two weeks dter the begnning of
the experiment. Feeding ceased each dtermoon, and at
that time the walls of the tanks, the sttling columns and
the tranducent oollection containers were thoroughly
cleaned to remove unesten feed and faeca resdues from
the sygems. Theredter ,sanples were withdravn from the

oollection container during three periods: (1) 1-min
samples. Within 1h dter the sysem was cleaned , the in-
vegtigators nonitored the sysem carefully and the faeces
in the tranducent collection contai ners were removed inr
mediately dter they were settled at the termina end of the
container. This sydem alowed a sgparation of feces from
water within 1min dter they were woided by the fish, ©
the sanples were cdled 1min sanple. (2) 4h samples.
The mixture of faeces and water in the trand ucent collec
tion containers was oollected 4h pod feeding, viz. a
8:00 pm. (3) 16h samples. The mixture of faeces and
water in the tranducent collection container was renmoved
16h dter feeding, viz. a 8:00 am the next day , enconr
passng a collection period from 4 to 16hs dter feeding.
Faecd sanples were frozen immediately dter oollection
and then freeze dried to congant weight. Sanples of dif-
ferent collection times were carried out in the same man-
ner for each tank over time.

1.5 Analytical methods and calculations Protein
oontent of the feeds and faeca sanmples were measured us
ing 2300 Kjetec Andyzer Unit (FOSS TECATOR, Made
in Sveden) . Lipid was determined by petroleum ether ex-
traction usng a Soxtec sysem (Soxtec System HT6 , Tecar
tor, Hoganas, Sweden) , ash by combudion at 550
gross energy by bomb caorimetry (Phillipson Microbomb
Cdorimeter; Gentry Ingruments Inc. , Aiken, USA) ,
and Cr,Ozcontent by concentrated nitric and perchloric
acid digesion!?. P concentrations in the diets and feces
were andysed by inductivdly coupled plasma emisson
ectrophotometry (IRIS advantage , TIA Dl utions ,USA)
at HuBel Agriculturd Academy of Sciencesdf China. Dry
metter was determined by drying a 105 to condant
weight!®]. At least duplicate measurements were made for
each sanple.

The gpparent digedihility coeficient (ADC) of dry
metter was calculated as described by Cho & Kaushik
(1990) 141 :

%Cr,0sin diet
%0Cr,0Osin feces

The gpparent digedibility codficients (ADCs) for
protein, energy and phogphorus were caculated according
to the formula:

ADC( %) =100- 100 x

%0, Osin diet X Yonutrient in feces
%Qr,Osin feces X Ynutrient in diet

ADC( %) =100- 100 x
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1.6 Satidical analysis Data are presented as means
of duplicate analyses from three replicate tanks. Duncan s
multiple range tes was used to conrpare the difference be-
tween means dter one-way andydsof variance. Satigica
6.0 was usd to peform datidical cadculations. Differ-
ences were conddered sgnificant & p <0. 05.

2 Results

The dfect of faecd oollection interval on ADCs of
nutrients was presented in Tab. 3. The ADC of dry met-
ter in each diet increased dgnificantly with the increase of
time that faeces were exposed in water (p <0. 05) while
there were no gatidicaly dgnificant differences between
each faecal oollection time in MBMg and MBMgy group

(p > 0.05). Increadng the faeca collection interva re-
sulted in a dgnificant (p < 0.05) increase in ADC of
protein, but no dgnificant differences (p > 0.05) were
observed between the ADC o protein of the 4h sanples
and 1min sanples in MBMg and MBMi group ( p >
0.05). ADCs o energy and phogphorus exhibited the
same trend as dry metter and crude protein. The ADC ob-
tained from the 1 min samples were much lower than that
determined with feces collected at 4h or nore.

ADCs o dry metter, crude protein, energy and
phogphorus decreased linearly or near linearly as dietary
MBM levelsincreased (Fg.2 —Fig.5) . The relationships
between ADC and replacement levd of FM protein by
MBM protein (MBMP) can be described as follows:

74
[ | o ADCy i
72 u ADC,
"W ADCy 6
70
S
g 68
<
£
_%» 66
5 ADC, ;.= 70.2233— 0.0767*MBMP 4
R 64 1 R*=0.7488,p<0.001,n=18
< ADC,_,=72.0357-0.1023*MBMP
6 | R=09150,p<0.001, n=18
ADC,. = 73.0598 - 0.0807*MBMP
R? =0.7209,p< 0.001, n= 18 ®
60
0 20 40 60 80 100

Replacement levels in protein of FM by MBM (MBMP, %)

Fg.2 Rdaionship between ADC o dry meiter and detary MBM protein leve s as dfected by different time intervas dgpsed
from the start of faeces collection until &ter 16 hours
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2
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84| ADC,,,, = 94.8142-0.1187*MBMP
R?=0.9676, p<0.001, n= 18 ®
82| ADC,,, 4, = 96.3079-0.0934*MBMP T
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Fig.3 Rdationship between ADC of protein and dietary MBM protein levels and the dfects of delayed faeces sanpling of faeces(1nin 4 and 16 hours dter
dart of faeces oollection)
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g8} ADC i, = 79.7071+0.0222*MBMP-0.0004*MBMP>
ADC,,;, = 83.5592-0.0109*MBMP-0.0002*MBMP*
ADC,_,, = 84.3524-0.0131*MBMP-0.0002*MBMP>
36 R?=0.2802, p< 0.05, n= 18
A o R>=0.4767, p<0.05,n=18
u B R?>=0.5623, p< 0.05,n= 18
& 841 o 2
Zg: 82 ®
]
k] °
O 80t e ° * -
a
< . 2
=]
78
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“m ADC,,
76 AN ADCc—mh b
0 20 40 60 80 100
Replacement level in protein of FM by MBM (MBMP, %)
Fg.4 Rdationship between ADC o energy and detary MBM protein leves
50
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ADCpun=43.3499-0.2395*MBMP
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=
’Ch
= 25
2
< 20 8 ADC,
~ADC,
s Sl ADCp,lﬁh
10
0 20 40 60 80 100

Replacement level in protein of FM by MBM (MBMP, %)

Fg.5 Rdationship between ADC of phogphorus and detary MBM protein leves

The relationships between ADC of dry metter and re-
placement levelsin protein of AM by MBM were:
ADCg1min = 70. 2233 - 0.0767 MBMP
R?=0.7488,p<0.001,n=18
ADCq4n = 72.0357 - 0.1023 "MBMP
R?=0.9150,p<0.001,n=18
ADCq 16 = 73.0598 - 0.0807 MBMP
R®=0.7209,p<0.001,n=18
where ADCg1rin , ADCggnand ADCy1en ( %) are the gp-

parent digedibility codficient of dry metter determined

with Imin samples, 4h sanples and 16h sanples, regpec-
tively. MBMP ( %) is the replacement leve of FM pro-
tein by MBM protein.

The relationships between ADC o protein and re-

placement levelsin protein of AM by MBM were:
ADGyro-1min = 93. 0701 - 0.1001 "~ MBMP
R?=0.9074 ,p<0.001,n=18
ADGyro-an = 94. 8142 - 0. 1187 "MBMP
R*=0.9676 ,p<0.001,n=18
ADCpro-16h = 96. 3079 - 0. 0934 "MBMP
R®=0.9454 ,p<0.001,n=18
where ADCoro-1min » ADCyro-an@nd ADCyro16n ( %) are the
goparent digedibility codficient of protein determined
with Imin samples, 4h samples and 16h sanples, regec-
tively.
The relationships between ADC of energy and re-
placement levelsin protein of AM by MBM were:
ADCe1nin = 79. 7071 + 0. 0222 "MBMP - 0. 0004
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MBMP ;

R?=0.2802,p <0.05,n=18

ADCepn = 83. 5592 - 0. 0109 "MBMP - 0. 0002
MBMP ;

R?=0.4767 ,p<0.05,n=18

ADCe16n = 84. 3524 - 0.0131 MBMP - 0. 0002 "
MBMP?;

R*=0.5623, p<0.05,n=18

where ADCe1nin , ADCesnand ADCo1sn ( %) is the
goparent digedibility codficient of energy determined with
1min sanples, 4h sanples and 16h sanrples, regpective-
ly.

The rdationships between ADC of phogphorus and
replacement levelsin protein of AV by MBM were:

ADGy 1min = 38. 3199 - 0.2237 "MBMP

R?=0.9162,p<0.001,n=18

ADG, 4 = 43. 3499 - 0. 2395 'MBMP

R?=0.9455,p<0.001,n=18

ADC, 16n = 45. 0962 - 0. 2288 "MBMP

R?=0.8778,p<0.001,n=18

where ADGy imin ,ADCy4nand ADCy16n ( %) are the
goparent digedihility codficient of phogphorus determi ned
with Imin samples, 4h sanples and 16h sanples, regec-
tively.

3 Discussion

It is generdly accepted that collecting faeces from
the weter tend to overedimeate the ADCs as a result of nu-
trient leaching from the faeces. The leached materia
should be added to the non-metalolized portion. Howev-
er, snce the anount is unknown it isdften snply forgot-
ten and therefore contributes to the error of the presumed
converted meterid Winddl et al.!”) denongrated that
nog o the nutrient leaching from faeces occurred during
thefird hour dter defaecation. Smilar results were ob-
served by Posormpest®!. In the sudy of Watanabe e
al.[®! | leaching was considered to explain the increase
in ADC of digedtible energy for rainbow trout usng faeces
oollected at increadng time intervals &ter feeding. Gonr
versdly, Cho e al.!®! claimed that nutrient leaching is
minimal when the faeces remain undigurbed and unbro-
ken until faecal pellets are oollected. There was no dgnif-
icant difference in the ADC of dry metter , protein, lipid

and energy for rainbow trout faeces determined with the
Quelph Sygemin a seriousof extended collection intervals
(3,6, 9, 120r 15h dter thefind feeding) 1*?!. The data
o Allan e al. indicated that leaching did ot afect the
digedihility codficients &ter faeces had settled and con-
cluded that collection of faeces by settlement over 18hisa
suitable method for determining overdl digedibility in ju
venile slver perch. However , both Satoh et al. [*! and
Allan e al. ' collected faeces at least 2h dter feeding.
It was the very time that nogt leaching of nutrients from
feces had occurred!” =1, In the present sudy , 1min sanr
ples showed the lowes ADC vd ues while 16h sanplesob-
tained the higheg , which were agreeable to the previous
reports. Certainly , leaching fromfaecesis a0 dependent
on the cond gency and conpactnessof thefaeca meterial .
Numerous fish ecies produce faeces with a relaively
grong peritrophic membrane which keeps the faecd mate-
ria togethere while other goecies produce faeces that ex-
tremely quickly desntigrate and release a lot of luble or-
ganics and nutrients immediately into the water. There-
fore, differences in ADC vaues should be expected even
when usng the same sanpling technique.

Beddes the gecies pecific differencesinfaeca ga
hility , diet formulation was d 9 reported to dfect the fae-
cal gability and resstance to leaching. Satoh et al. [*
ued two dfferent diets with sttling columns for di-
gedibility dudies. Herring meal , white AM, <ybean
mea and corn guten mea were the protein urces o the
diet 1 while the diet 2 contained only white FM as the
protein ource. The results showed that digedihility of
crude protein in the diet 1 determined in faeces oollected
a 3h was dgnificantly lower than theat oollected dter 9h
while no dgnificant difference due to sanrpling time was
found in the diet 2. Smilarly, ADCs of nutrients in the
control diet determined in the 4h sampleswere sgnificant-
ly higher than that determined with the 1min sanples in
the present sudy , while it was ot the case when MBM
was added to the five other diets. Brinker et al. 1! found
thet the addition of binderswould enhance faecal dahility
and inprove shear red gance.

In order to reduce the leaching of nutrients, any dis
turbance to the faeces &ter they have been released by the
fish should be awided as far as possble®!.
sent sudy , the mixture of faeces and surrounding water

In the pre-
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from the bottom of the oolumn was oollected to awid the
handling loss. However , the ADC vaues of nutrients in-
dicated that the loss of nutrients from the faeces was dill
sgnificant. Because the faeca ettling column was con-
nected with the dfluent pipe, the leached nutrients of the
faeces in the oollection container may partialy be renoved
by the water outflow. Thus, faeces should be taken
quickly &ter they were excreted when usng the present
faeca oollection sygem for gbd cap. Furthernore, the
dfluent pipe should be st a upper postion of the faeca
sttling column and/ or the faecd <ettling column should
be prolonged in the future work to reduce the digurbance
of water outlet to the sttled faeces. Amother option to be
oond dered further would be a collecting double-conveyor
belt by which the faeces are preserved trangorted in
timed intervals of 5—10 minutes to a preservation cham-
ber while being packaged between the two layers of the
belts and cooled to avoid metabolic activity!®!.

In the study of Spyridakis et al. [®! omefaeca mer
terial often good nomentarily in the connection pipe be-
tween the tank bottom and the decantation column. ADC
was overedimated dter faeces were exposed to a congant
flow of water , which was a © observed by Hajen et al . [°!
when a subgtantia amount of nutrients and organic materi-
al s were washed out. The foregoing problem was lved in
later experiments*’! by reducing the cross section of the
connecting pipe which could increase weter velocity and
thus carry the faeces to the sttling column more quickly.
Allan e a.!¥ nodified the faecal oollection sysem by
taking out the connection pipe between the tank bottom
and the sttling oolumn 2 that the faeces only Snk to the
settlement chamber. Using this sygem, the faeca pellets
oould Htle to the termina end of the collecting chambers
within 20 —30swhile being woided by fish. In the present
dudy , the traveling time of faeces from the fish dter re-
lease to the bottom was a © within 30s. Furthernore , the
dfluent pipe connected to the faeca <ttling column was
acclivitous but not horizontal , which would reduce the
leaching of faeces by the water outflow.

ADC showed did variaions and differences at differ-
ent periods of the experiment®°* %! 1o reduce the
variahility , digedibility gudies should be based on pooled
faeca materid oollected over a number of days, if rot
weeks, and include the mgjority of faeces produced from

each mead!*®!. In the preent udy, faecd sanples
were obtai ned because the faeces were collected in combi-
nation with growth trials for about 9 weeks (except the
firg two weeks of the experiment) , thereby reflecting the
overal gpparent digedibility of whole experimenta peri-
od. Certainly, this assumes that during this period
metalolic dficiency has mot changed with growth , an as
sunption that may have to be gecifically gudied when in-
vegtigating very young fish.

Decreased gpparent digedihility has been reported in
gbd carp and turtle with the increase in dietary incluson
of MBMI®®! . Zpu et al. %M reported lower digedtibility
o dry metter , protein, lipid, phogphorus and energy of
MBM than that of AM. Lower gpparent protein digedibili-
ty of MBM conpared to that of FM had a9 been reported
in other fishes or shrimps® =1 MBM contains a
high levdl of ash content and it was proved to correlate
negetively with protein digestibility!® 2% %! " |n the pre-
sent dudy, gpparent digedibility of dry matter , protein
and phogphorus decreased linearly with the increase in di-
etary MBM leves. Low digedibility of MBM could be one
o the problems dfecting the use in aquafeed. New pro-
cesdng techrology should be developed to improve the di-
gedibility © as to inprove the quality of MBM.
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