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Abstract The feeds supplied to farmed fish should be

rich in protein and minerals, such as animal protein, but

more expensive alternatives comprising vegetable protein

have emerged in recent years. However, the minerals

essential to the proper development of fish must be asses-

sed. To determine whether the minerals supplied in the diet

are being fully exploited, the equation of the apparent

digestibility coefficient is typically used with an external

marker such as chromium. Moreover, the concentrations of

the metals of interest are usually obtained using an acid

digestion in the digester block; however, this digestion is

harmful to both the analyst and the environment. An

alternative to this digestion is described in this work. Four

types of feeds were made with different types of protein

substitutes.
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Introduction

Aquaculture has grown more rapidly worldwide than any

other sector of animal production. In 2006, FAO data [1]

showed that this increase in production, including that of

fish, crustaceans, and molluscs, was only 3.9 % in 1970 but

33.0 % in 2005.

The growth of the sector has been accompanied by

increased demand for feed [2]. Thus, the development of

ingredients that promote technological and sustainable fish

production without compromising production performance

will be a priority in the future [3].

The replacement of certain agro-industry products and

by-products as ingredients in fish diets by other products as

yeast, turnip meal, and pinion tame, was spurred by studies

on the nutrient digestibility of these foods; this replacement

has also been presented as an economically viable alter-

native to using agro-industry products [4, 5].

We use the so-called fecal indicators to determine the

digestibility of fish feed. Chromium (III) oxide (Cr2O3) is

the most widely used indicator in studies on digestibility. It

is completely indigestible, non-absorbable, and has no

pharmacological effect on, and passes freely through, the

digestive tract. The percentage of Cr2O3 in fish feces and in

the initially mixed diet can be compared; the coefficient of

total or partial digestibility of the nutrients metabolized can

then be estimated on the basis of this comparison [6, 7].

As such, this study aimed to develop a new methodol-

ogy that enables the safe measurement of inorganic nutri-

ents and chromium (III) oxide, and comparisons were made

with conventional methodology.

Materials and methods

Samples

Samples of fish feeds were developed by the Fish Nutrition

Laboratory of the Faculty ofVeterinaryMedicine andAnimal

Science/UNESP-Botucatu (Aquanutri) and formulated from
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four different sources: yeast full, autolyzed yeast, turnipmeal,

and pinion tame.

In diets containing whole yeast, autolyzed yeast, bran

turnip, and jatropha, the base diet were replaced by 30, 25,

and 10 %, respectively, of the test ingredient (Table 1).

Furthermore, 0.10 % Cr2O3 was added as the external

indicator [8].

A total of 100 juvenile Nile Tilapia (Oreochromis

niloticus) with average weight of 100 ± 12 g were

housed in circular cages (ten fish per cage), made of

plastic mesh (1.50 cm mesh). Each cage was housed in a

circular 250 L power aquarium. During the day, the fish

were kept in power aquariums, where they fed at will

from 8:00 to 17:00; they fed more often in the afternoon

than in the morning. After the feeding step, the fish were

transferred to fiberglass 300 L feces collection tanks (tank

by a cage). A 200 mL vial log of clear vinyl (for feces)

was tightly coupled to the conically shaped bottom of

each tank. The fish were kept in these tanks until the

following morning, and then returned to the power

aquariums to start a new cycle. This procedure allowed

the collection of feces, without contamination from the

feed diet. After the cages were removed, the feces sus-

pended in water were decanted and collected in flask

cylinders. Each aquarium was then cleaned in preparation

for a second (repeat) test. In each test, the feces were

collected over a period of 6 days.

Sample preparation

The feed and feces samples were dried in a forced-air oven

at 50 �C for approximately 48 h crushed with pestle

porcelain crucibles, and fractionated with a sieve to obtain

homogeneous granules.

Extraction of minerals by acid digestion

Approximately 100 mg of each food and feces sample was

weighed; three samples of each type of feed and feces were

prepared. This mass was packed in filter paper and trans-

ferred to Kjeldahl flasks to which were added about 3 and

2 mL of nitric acid and hydrogen peroxide (both pa Mer-

ck), respectively, were added. Samples containing oxidiz-

ing compounds appeared white on the filter paper.

The Kjeldahl flasks were placed in the block digestor,

which was heated to a temperature of approximately

110 �C. The entire procedure was performed in a gas

exhaust hood until the organic material was completely

consumed. After adequate cooling, the acid extracts were

transferred to volumetric flasks; diets containing added

yeast were transferred to flasks containing 50 mL of dis-

tilled/deionized water; those containing radish and jat-

ropha seed meal were transferred to flasks containing

25 mL of distilled/deionized water and homogenized

dilute acid extract.

Table 1 Formulation and

chemical composition of the

experimental diets (in natural

matter)

Ingredients Feed 1 Feed 2 Feed 3 Feed 4 Feed 5

Albumin 32.00 22.40 22.40 24.40 30.30

Gelatin 7.70 5.39 5.39 6.39 6.39

Corn starch 44.58 31.18 31.18 32.68 40.68

Cellulose 6.00 4.20 4.20 4.20 4.20

Antioxidant (BHT) 0.02 0.01 0.01 0.01 0.01

Soybean oil 6.00 4.20 4.20 4.70 5.80

Dicalcium phosphate 3.00 2.10 2.10 2.10 2.10

Common salt (NaCl) 0.10 0.07 0.07 0.07 0.07

Vitamin supplement 0.50 0.35 0.35 0.35 0.35

Yeast full – 30.00 – – –

Autolyzed yeast – – 30.00 – –

Bran turnip – – – 25.00 –

Bran jatropha – – – – 10.00

Chromium oxide 0.10 0.10 0.10 0.10 0.10

Total 100.00 % 100.00 % 100.00 % 100.00 % 100.00 %

Feed 1 feed reference, Feed 2 feed with 30 % yeast integrity, Feed 3 feed with 30 % autolyzed yeast, Feed

4 feed with 25 % bran turnip, feed with 10 % jatropha, BHT butyl hydroxy toluene, Vitamin supplemen-

tation assurance levels per kg of product Vit. A IU-1200,000; Vit. D3-200,000 UI; Vit. E-12,000 mg; vit.

K3-2400 mg; vit. B1-4800 mg; vit. B2-4800 mg; vit. B6-4000 mg; vit. B12-4800 mg; 1200 mg-folic acid;

pantothenate Ca- 12,000 mg; vit. C-48,000 mg; biotin, 48 mg; hill-65,000 mg; niacin-24,000 mg
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Extraction of minerals by ultrasound

Approximately 100 mg of samples of biological materials

(feed or fish feces), previously prepared as described

above, were transferred to 20 mL Teflon bottles. Aliquots

of 10 mL of 0.10 mol L-1 hydrochloric acid solution were

then added to the bottles. The mixtures (sample/acid

solution) were then ultrasonically agitated in order to

extract the analytes. Various agitation times and ultrasonic

power were used in order to determine the effectiveness of

this extraction method.

Determination of minerals

An atomic absorption spectrometer (Shimadzu AA-6800

model) was used to determine the concentrations of cal-

cium, copper, iron, manganese, and zinc in the samples.

The equipment was operated under the conditions descri-

bed in the manual provided by the manufacturer [9]. In

addition, the concentration of phosphorus was determined

by using the spectrophotometric method of colorimetric

acid [10].

Determination of the concentration of chromic oxide

in the samples of feed and feces

The concentration of chromium oxide in each sample was

determined (external label) via the sampling and quantifi-

cation of the suspension by GFAAS. This was done by first

sonicating the suspension in order to obtain a homogeneous

suspension. The homogeneous suspension was then injec-

ted directly into the graphite tube of the atomic absorption

spectrometer, whose inner wall was previously covered

with metallic palladium. This methodology prevents the

mineralization, which gives rise to the extremely toxic

nitric/perchloric dichromate ions [11].

Determination of digestibility coefficients

We used Eq. (1) [12–14] to calculate the apparent

digestibility coefficient (Da) of nutrients in the diet of the

juvenile Nile Tilapia.

Da ¼ 100� 100� %Cr2O3r

%Cr2O3f

� �
� %Nf

%Nr

� �� �
ð1Þ

Da is the apparent digestibility, %Cr2O3r the percentage of

chromium oxide in the feed, %Cr2O3f the percentage of

chromium oxide in feces, %Nr the nutrient percentage in

the diet, %Nf the percentage nutrient in the feces, values of

Da were calculated using the results obtained from

extraction methods, which include acid mineralization and

ultrasonic agitation, respectively.

Results and discussion

The efficiency of the extraction process of the sample feed

and fish feces was evaluated by varying the extraction time

and ultrasonic power. In fact, five 40-s cycles of ultrasonic

agitation at 40 % of the maximum working power (136 W)

resulted in the best absorbance signals, as measured by

GFAAS or FAAS; the concentrations of Ca, Cu, Fe, Mn,

and Zn were determined. The concentration of P was

determined via ultraviolet (UV)–Visible spectroscopy.

Table 2 Concentration of calcium, copper, iron, manganese, zinc, and phosphorus in the feed samples, feces, and standard certificate, as

obtained from using acid digestion in the extraction process

Samples Ca (%) Cu (%) Fe (%) Mn (%) Zn (%) P (%)

Feed 1 1.80 ± 0.003 0.003 ± 4 9 10-5 0.04 ± 5 9 10-3 0.005 ± 8 9 10-5 0.02 ± 2 9 10-4 1.50 ± 0.02

Feed 2 5.40 ± 0.07 0.005 ± 6 9 10-5 0.11 ± 6 9 10-3 0.09 ± 1 9 10-3 0.03 ± 4 9 10-4 3.10 ± 0.03

Feed 3 5.60 ± 0.06 0.005 ± 7 9 10-5 0.08 ± 910-4 0.08 ± 9 9 10-4 0.03 ± 5 9 10-4 3.00 ± 0.03

Feed 4 1.61 ± 0,04 0.002 ± 2.10-5 0.06 ± 7 9 10-4 0.05 ± 6 9 10-4 0.02 ± 3 9 10-4 1.53 ± 0.03

Feed 5 1.24 ± 0.03 0.003 ± 4 9 10-5 0.03 ± 4 9 10-4 0.02 ± 3 9 10-4 0.04 ± 5 9 10-4 1.01 ± 0.02

Feces 1 1.84 ± 0.02 0.002 ± 1 9 10-5 0.03 ± 4 9 10-3 0.004 ± 5 9 10-5 0.02 ± 3 9 10-4 1.40 ± 0.01

Feces 2 6.90 ± 0.19 0.004 ± 5 9 10-5 0.09 ± 8 9 10-4 0.07 ± 8 9 10-4 0.01 ± 2 9 10-4 3.16 ± 0.04

Feces 3 6.30 ± 0.21 0.003 ± 2 9 10-5 0.06 ± 9 9 10-4 0.06 ± 8 9 10-4 0.04 ± 6 9 10-4 3.12 ± 0.04

Feces 4 1.91 ± 0.05 0.003 ± 4 9 10-5 0.07 ± 8 9 10-4 0.06 ± 8 9 10-4 0.03 ± 5 9 10-4 1.81 ± 0.04

Feces 5 1.41 ± 0.04 0.004 ± 5 9 10-5 0.02 ± 3 9 10-4 0.01 ± 2 9 10-4 0.03 ± 4 9 10-4 1.21 ± 0.03

RM 1548a# 0.18 ± 9 9 10-3 2.26 ± 0.05 0.0029 ± 8 9 10-5 0.0005 ± 1 9 10-5 0.0021 ± 8 9 10-5 0.32 ± 5.10-3

Feed 1 feed reference, Feed 2 feed with 30 % yeast integrity, Feed 3 feed with 30 % autolyzed yeast, Feed 4 feed with 25 % bran turnip, Feed

with 10 % jatropha, Feces 1 fish fed base diet, Feces 2 fish fed diets containing whole yeast, Feces 3 fish fed diets containing autolyzed yeast,

Feces 4 fish fed diets containing 25 % turnip bran, Feces 5 fish fed diets containing 10 % jatropha
# Standard certificate containing: Ca-0.19 ± 0.01 (%); 2.32 ± 0.16-Cu (mg kg-1); Fe-0.0035 ± 4.10-4 (5); 0.0006 ± 1.7.10-5-Mn (%); Zn-

0.0024 ± 1.8.10-4; P-0.35 ± 0.02

Use of ultrasonic extraction in determining apparent digestibility in fish feed 601

123



Tables 2 and 3 reveal the close correspondence

between the mineral concentrations measured in the

samples of feed and feces. An analysis of the results of the

determination of the nutrients summarized in Tables 2

and 3 indicates that the results obtained by ultrasonic

extraction are consistent with those obtained by acid

digestion. The calculated values of the standard devia-

tions of all the results were low, showing relative standard

deviations of\3 %, which confirms the good repeatability

of the measures and, hence, the good precision of the

methods used. However, it should be noted that the pro-

posed methodology (ultrasonic extraction) reduced the

analytical time considerably, thus favoring the analytical

speed. The accuracy of the extraction method was eval-

uated by determining the concentration of the minerals in

a certified standard RM 1548a. The results of mineral

analysis in the certified standard indicates that, using the

ultrasound agitation, in addition to the fact that the values

present relative standard deviations of\2 % for all min-

erals, which characterizes good repeatability and/or pre-

cision between the measures, thus proving the accuracy of

the proposed extraction method. The apparent digestibil-

ity coefficients (Da) of the nutrients in the feeds were

calculated from Eq. (1) [12–14] using the results listed in

Tables 2 and 3 and the percentage of chromium oxide

(Table 4) [11]. The results from the calculations of Da

obtained by acid mineralization and ultrasonic agitation

are summarized in Tables 5 and 6.

Tables 5 and 6 list the Da values determined from

extraction by acid mineralization and ultrasonic agitation,

respectively, of the samples; the low (i.e.,\2 %) relative

standard deviations are indicative of the excellent

repeatability of the measurements and hence, the good

precision of the proposed method.

A comparison of the values of Da of the minerals in the

five feed samples used in the diet of Nile tilapia juveniles,

shown in Tables 5 and 6, indicates that the values deter-

mined by the ultrasound agitation method are in agreement

with the values obtained by acid mineralization of the

samples. The latter method is the one normally employed

in digestibility studies in fish nutrition [14–16]. All the

calculated values presented relative standard deviations of

\2 %, demonstrating the good repeatability and hence, the

Table 3 Concentration of calcium, copper, iron, manganese, zinc, and phosphorus in the feed samples, feces, and standard certificate, as

obtained from using ultrasonic agitation in the extraction process

Samples Ca (%) Cu (%) Fe (%) Mn (%) Zn (%) P (%)

Feed 1 1.70 ± 0.002 0.0029 ± 3 9 10-5 0.039 ± 4 9 10-3 0.0049 ± 5 9 10-5 0.019 ± 2 9 10-4 1.47 ± 0.01

Feed 2 5.30 ± 0.06 0.0049 ± 5 9 10-5 0.09 ± 5 9 10-3 0.092 ± 9 9 10-4 0.032 ± 4 9 10-4 3.,04 ± 0.02

Feed 3 5.52 ± 0.05 0.0048 ± 1.10-5 0.07 ± 8 9 10-4 0.081 ± 8 9 10-4 0.031 ± 4 9 10-4 3.01 ± 0.04

Feed 4 1.57 ± 0.03 0.0019 ± 1 9 10-5 0.05 ± 6 9 10-4 0.052 ± 7 9 10-4 0.020 ± 4 9 10-4 1.50 ± 0.02

Feed 5 1.22 ± 0.02 0.0028 ± 3 9 10-5 0.031 ± 3 9 10-4 0.019 ± 2 9 10-4 0.039 ± 4 9 10-4 1.03 ± 0.03

Feces 1 1.81 ± 0.01 0.0019 ± 2 9 10-5 0.028 ± 3 9 10-3 0.0041 ± 4 9 10-5 0.018 ± 2 9 10-4 1.38 ± 0.02

Feces 2 6.64 ± 0.14 0.0039 ± 4 9 10-5 0.091 ± 9 9 10-4 0.072 ± 7 9 10-4 0.012 ± 3 9 10-4 3.11 ± 0.03

Feces 3 6.18 ± 0.12 0.0028 ± 3 9 10-5 0.052 ± 6 9 10-4 0.058 ± 6 9 10-4 0.041 ± 5 9 10-4 3.05 ± 0.03

Feces 4 1.84 ± 0.03 0.0027 ± 3 9 10-5 0.056 ± 7 9 10-4 0.061 ± 7 9 10-4 0.029 ± 3 9 10-4 1.76 ± 0.03

Feces 5 1.37 ± 0.02 0.0038 ± 2 9 10-5 0.021 ± 4 9 10-4 0.011 ± 1 9 10-4 0.030 ± 3 9 10-4 1.19 ± 0.02

RM 1548a# 0.18 ± 7 9 10-3 2.29 ± 0.04 0.0032 ± 7 9 10-5 0.0006 ± 1 9 10-5 0.0023 ± 6 9 10-5 0.34 ± 9 9 10-3

Feed 1 feed reference, Feed 2 feed with 30 % yeast integrity, Feed 3 feed with 30 % autolyzed yeast, Feed 4 feed with 25 % bran turnip, feed

with 10 % jatropha, Feces 1 fish fed base diet, Feces 2 fish fed diets containing whole yeast, Feces fish fed diets containing autolyzed yeast,

Feces 4 fish fed diets containing 25 % turnip bran, Feces 5 fish fed diets containing 10 % jatropha
# Standard certificate containing: Ca-0.19 ± 0.01 (%); 2.32 ± 0.16-Cu (mg kg-1); Fe-0.0035 ± 4.10-4 (5); 0.0006 ± 1.7.10-5-Mn (%); Zn-

0.0024 ± 1.8.10-4; P-0.35 ± 0.02

Table 4 Percentage of chromium oxide in particular feed and feces

samples, as obtained from sampling and quantification in suspension

by GFAAS

Samples Percentage of chromium oxide

Feed 1 0.10 ± 0.0012

Feed 2 0.11 ± 0.0013

Feed 3 0.09 ± 0.0010

Feed 4 0.10 ± 0.0010

Feed 5 0.12 ± 0.0011

Feces 1 0.29 ± 0.0037

Feces 2 0.30 ± 0.0038

Feces 3 0.30 ± 0.0030

Feces 4 0.31 ± 0.0035

Feces 5 0.32 ± 0.0036

Feed 1 feed reference, Feed 2 feed with 30 % yeast integrity, Feed 3

feed with 30 % autolyzed yeast, Feed 4 feed with 25 % bran turnip,

feed with 10 % jatropha, Feces 1 fish fed base diet, Feces 2 fish fed

diets containing whole yeast, Feces 3 fish fed diets containing auto-

lyzed yeast, Feces 4 fish fed diets containing 25 % turnip bran, Feces

5 fish fed diets containing 10 % jatropha
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good precision of the proposed method. Moreover, con-

sidering the overall average calculated for each of the

nutrients in the five feed samples, the difference between

the results of the ultrasound agitation and acid mineral-

ization methods of the samples was, on average, \5 %,

reinforcing the assertion that the proposed method is

accurate and that its application in metal nutrient

digestibility studies of animal nutrition is viable.

Conclusion

Diets consisting of various food sources had similar Da to

the reference diet and as such, these results can be used to

increase the number of feeds on the new possibilities to the

feed market. The values of Da calculated under the pro-

posed conditions were shown to be equivalent to those

determined from using acid digestion of the samples. Fur-

thermore, the toxic waste generated in acid extracts after the

mineralization of the samples, is not produced in the

ultrasonic extraction process. The methodology proposed in

this work significantly reduces the analysis time, and hence

increases the speed of the analysis.
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