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Abstract

Ž .Acid-insoluble ash AIA was evaluated as an inert marker material for digestibility studies in
Ž .tilapia. No significant differences were found in apparent digestibility coefficients ADC for

nitrogen, dry matter or gross energy determined in a practical diet using naturally occurring AIA,
Ž .or AIA supplemented with Celitee 0.5%, 1.0% of the diet , compared with values obtained using

Ž .chromic oxide 0.5% . The use of supplementary Celite increased the accuracy of measurement of
Ž .AIA in feed samples. Acid-washed sand 0.5% gave significantly lower ADC values than

chromic oxide. As an alternative to using chromic oxide in ADC measurements, Celite supple-
mented AIA is inexpensive, easy to measure and gave comparable results in the present study with
tilapia. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Ž .Measurement of apparent digestibility coefficients ADC of feed ingredients is an
Žimportant step in the evaluation and formulation of balanced feeds Cho and Kaushik,

.1990 . Digestibility is a measure of the quantity of ingested nutrients retained and is
most commonly measured by indirect methods using inert marker materials. By adding

Ž .an inert material external marker to the feed or measuring an inert natural component
Ž .of the food internal marker , digestibility can be calculated by comparing the ratio of

the marker in the food and faeces to a specific nutrient. To be effective, a marker must
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be indigestible, non-toxic, completely inert and should move through the gut at the same
Ž .rate as the digesta De Silva and Anderson, 1995 .

Most digestibility studies have been conducted with aquafeeds using formulated diets
containing external markers. Chromic oxide is the most commonly used marker in

Ždigestibility studies and has been used extensively in studies with tilapia e.g. Fagenbro
.and Jauncey, 1993; Falaye and Jauncey, 1999; Fontainhas-Fernandes et al., 1999 . Some

results however have brought into question the validity of using chromic oxide in such
Ž .studies De Silva et al., 1997 . There is evidence from research with tilapia that chromic

oxide may partially separate from the food during ingestion and passage through the gut
Ž .Bowen, 1978; Hanley, 1987 . Also, studies with tilapia hybrids have shown that
carbohydrate utilization is affected by chromium supplementation, indicating that

Ž .chromium may not be totally inert Shiau and Lin, 1993 .
The use of internal markers, such as crude fiber, hydrolysis-resistant organic matter

Ž .and acid-insoluble ash AIA , has been recommended for measurement of ADC where
Ž .possible De Silva and Anderson, 1995 . AIA, primarily silica, is a potentially useful

Ž .material, which has been validated for use in mammals Van Keulen and Young, 1977 ,
Ž . Ž .poultry Vogtmann et al., 1975 , and penaeid shrimp Deering et al., 1996 . It has been

Žused as an internal marker in tilapia and other cichlids Bowen, 1981; De Silva and
. Ž .Perera, 1983; De Silva et al., 1984 and rainbow trout Perera et al., 1995 . Where

internal AIA is not present in sufficient quantity for accurate measurement in food
samples it has been supplemented with external sources. Celite, an acid-washed,

Ždiatomaceous silica powder Atkinson et al., 1984; Azevedo et al., 1998; Morales et al.,
. Ž .1999 and acid-washed sand Tacon and Rodrigues, 1984 have been used as external

sources of AIA in digestibility studies with rainbow trout.
Results obtained using AIA in fish digestibility studies are contradictory. For

Žexample, with rainbow trout, AIA has been reported to give similar Atkinson et al.,
. Ž . Ž1984 , higher Morales et al., 1999 and lower values of digestibility coefficients Perera

.et al., 1995 than were determined using chromic oxide. With studies on the cichlid,
Ž .Etraplus suratensis, De Silva and Perera 1983 concluded that hydrolysis-resistant

organic matter and crude fibre were more reliable markers than internal AIA. In
Ž .contrast, Bowen 1981 found AIA to be an effective internal marker, based on a study

of digestion and assimilation in the tilapia, Oreochomis mossambica. In the present
study Celite and acid-washed sand were evaluated as supplementary sources of AIA in
digestibility studies with tilapia. Results were compared with chromic oxide-based
measurements of ADC.

2. Materials and methods

Mixed-sex tilapia, Oreochromis aureus, were obtained from stocks held at the
Agriculture Experiment Station, Sultan Qaboos University, Sultanate of Oman. A total

Ž .of 225 fish mean wet weight"sd, 62.1"3.2 g were randomly assigned to 15, 120 l
outdoor circular fiberglass tanks. Tanks were shaded with a fine mesh and average water
temperature during the experiments was 26"1.88C. Tanks were individually aerated
and supplied with fresh water from a header tank at a rate of 5 l hy1. Oxygen levels
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Ž y1 . Ž6.1"0.9 mg l were measured daily using a portable meter YSI Model 55, OH,
.USA .

2.1. Diets and feeding protocol

Ž .Five test diets were prepared from a basal diet Table 1 to which markers were
substituted against wheat flour. Diet 1 was the basal diet, Diet 2 was supplemented with

Ž .0.5% Celite BDH Chemicals, UK , Diet 3 with 1% Celite, Diet 4 with 0.5% acid
Ž .washed sand BDH Chemicals and Diet 5 with 0.5% chromic oxide. Dietary ingredients

were finely ground, blended in a food mixer, extruded through a 4-mm die, dried at
room temperature and stored at y208C. Fish were fed to apparent satiation twice a day
at 0700 and 1800 by slowly introducing feed until the feeding response ceased and no
individuals accepted food. Each of the five diets was fed to three groups of 15 fish.
After each 0700 feeding, faeces and any uneaten feed were siphoned to waste and the
inner tank surfaces wiped clean to prevent the growth of algae. After 10 days, faecal
collections were started 6 h after the 0700 feeding. Intact faecal strands were siphoned
carefully onto a fine mesh and rinsed once with distilled water. To reduce any loss of
nutrients or marker from the faeces due to leaching, and to prevent bacterial contamina-
tion, faeces were collected immediately after they were observed in the tanks. Faeces
from each tank were collected and pooled from feeding and faecal collection cycles
conducted over 3 days in order to have sufficient for analysis. The faeces were dried at
608C for 24 h and finely ground for analysis. Records were kept of feed consumed for
each treatment group.

Table 1
Composition of the basal dieta

y1Ingredient International feed number Dry weight g kg
bFish meal 5-01-985 250.0

cSoybean meal 5-04-604 250.0
Wheat bran 4-05-190 200.0
Wheat flour 4-05-199 145.0
Corn starch 100.0
Corn oil 4-07-882 30.0
Cod liver oil 7-01-994 20.0

d,eVitamin and mineral premix 5.0

a Proximate composition: crude protein 34.20%; lipid 8.94; ash 6.95; acid insoluble ash 0.72; crude fibre
5.95; gross energy 18.1 kJgy1.

bAnchovy meal, 66.3% crude protein.
cSolvent extracted, 44.2% crude protein.
d y1 Ž y1 .Vitamin and mineral premix supplying mg kg or IU kg dry diet: retinol 1000 IU; cholecalciferol

1500 IU; alpha tocopheryl acetate 200 IU; ascorbic acid 300; menadione sodium bisulphite 6; thiamin HCl 10;
riboflavin 20; cyanocobalamin 0.05; nicotinamide 200; folic acid 4; calcium pantothenate 25; biotin 1;
ethoxyquin 200; cobalt sulphate 1; copper sulphate 5; iron sulphate 20; manganese oxide 75; zinc sulphate
150.

eARASCO, Riyadh, Saudi Arabia.



( )J.S. Goddard, E. McLeanrAquaculture 194 2001 93–9896

2.2. Chemical analyses

The basal diet was analysed for dry matter, nitrogen, crude lipid, crude fiber, and ash
Žand the faeces for dry matter, nitrogen and ash, using standard methods AOAC

Ž .Association of Official Analytical Chemists, 1990 . The gross energy of feeds and
Žfaecal samples was determined using a ballistic bomb calorimeter Gallenkamp, Model

.CBB 330, Loughborough, UK. calibrated with benzoic acid. The chromium content of
feeds and faeces was determined by the wet oxidation method of Furukawa and

Ž .Tsukahara 1966 and the AIA content of feeds and faeces by the method of Atkinson et
Ž .al. 1984 . All analyses were carried out in triplicate.

2.3. Digestibility determinations

ADC for dry matter, crude protein and gross energy were calculated from the
following formula:

ADCs 1y FrD=DmrFm =100Ž .
Where Fs% nutrient or energy in faeces, Ds% nutrient or energy in diet, Dms%
marker in diet and Fms% marker in faeces. Tests for significant differences were
carried out using one way ANOVA, after arcsine transformation of percentage data.
Differences in means were tested by Tukey’s HSD multiple range test using a probabil-
ity of value of 0.05.

3. Results

Values for daily feed consumption and ADC are shown in Table 2. All of the feeds
were readily consumed and the mean daily consumption was similar for all treatment
groups. The mean digestibility values for nitrogen, dry matter and gross energy for Diets
1, 2, 3 and 5 were similar to values reported elsewhere for tilapia fed on protein-rich

Table 2
a Ž .bDaily feed consumption and apparent digestibility coefficients ADC for dry matter, nitrogen and gross

energy

Feed intake ADC %
y1 y1Ž .g kg BW day Dry matter Nitrogen Gross energy

a a a aŽ . Ž . Ž . Ž .Diet 1 19.4 1.7 71.2 0.9 88.9 1.4 76.4 1.3
a a a aŽ . Ž . Ž . Ž . Ž .Diet 2 q0.5% Celite 21.0 2.2 72.9 0.3 90.8 0.2 77.8 0.7
a a a aŽ . Ž . Ž . Ž . Ž .Diet 3 q1.0% Celite 19.4 2.6 73.4 0.2 91.2 0.3 76.6 0.4
a b b bŽ . Ž . Ž . Ž . Ž .Diet 4 q0.5% Sand 17.8 2.4 64.1 1.2 76.8 0.9 63.7 1.4
a a a aŽ . Ž . Ž . Ž . Ž .Diet 5 q0.5% Cr 0 19.4 1.9 70.9 0.4 89.5 0.3 75.1 0.32 3

a Ž .As-fed basis. Values are mean standard deviation measured over 13 days.
b Ž .Values are mean standard deviation of three replications. Mean values in the same column with different

Ž .superscript letters are significantly different P -0.05 .
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Ž .diets containing fish meal NRC, 1993 . There were no significant differences between
the digestibility coefficients for nutrients determined using AIA or chromic oxide as

Ž .reference markers. The use of Celite reduced the coefficients of variation CV for levels
Žof AIA measured in feed samples Diet 1, CVs5.6; Diet 2, CVs2.1; Diet 3,

.CVs1.8 . The mean digestibility coefficients for dry matter, nitrogen and gross energy
using acid-washed sand as the reference marker were significantly lower than the
coefficients determined using internal AIA, Celite or chromic oxide.

4. Discussion

Ž .Internal AIA in Diet 1 0.72% was adequate for measuring digestibility. The use of
supplementary Celite, to increase total AIA levels in excess of 1.2%, reduced the
variability of AIA determinations in food samples. These results are generally consistent

Ž .with the findings of Atkinson et al. 1984 from studies on rainbow trout using
Celite-supplemented AIA. Significantly lower values were obtained for digestibility
coefficients using acid-washed sand as an external marker. The reasons for this are not
evident from the present study. A similar result was reported by Tacon and Rodrigues
Ž .1984 following an evaluation of the use of acid-washed sand in digestibility studies
with rainbow trout. The use of acid-washed sand to supplement AIA in diets therefore
cannot be recommended with tilapia.

Based on the present results, AIA, a natural component of feed, is an effective marker
for use in tilapia digestion studies. Whilst there is evidence that a small but significant
fraction of total ash is assimilated in tilapia, it is unlikely that the acid-insoluble fraction,
consisting primarily of diatom frustules and their fragments, can pass through the gut

Ž .wall Bowen, 1981 . The accuracy of measurement of AIA can be increased by
supplementation with Celite to dietary levels exceeding 1.2%. The advantages of using
AIA as a digestibility marker are low-cost and ease of measurement using basic
laboratory equipment. These may be of particular benefit to researchers and fish farmers
in developing countries, where farmed tilapia contribute to food security.
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