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ABSTRACT - An experiment was conducted to define a protocol to determine metabolizable nutrient and energy values
of diets. The metabolizability (M) was calculated of the dry matter (DM); crude protein (CP); gross energy (GE) and AME,
of a single diet. Eighty-one 21-day old (d) male birds were used. The tested methodologies were: Cr,05 (0.5%) as an indicator
(partial collection) or Fe,O, (1%) as a marker; fasting (0, 4, 6 and 8 h) prior to excreta collection and at the end of the
feeding period on the last day of collection (total collection). The excreta collection periods were also tested (3 and 5 days).
Twenty 31-day old male broilers from the same group of birds were used to assess the effect of fasting on digestive organ
weight. At the end of fasting the digestive organs were removed and weighed. Metabolism coefficients and energy were not
different between 3 and 5 days of total collection. CPM was lower for marker utilization and 3 days excreta collection
compared to the total collection. Eight hours fasting resulted in significantly lower CPM compared to the other periods
or the no fasting. With the methodology of partial collection with 5 days of collection, the lowest values were observed
for all the responses, compared to the 3 day collection period. The use of the total collection methodology produced the
highest DMM and CPM compared to partial collection. No influence of fasting was observed on the digestive organ sizes,
indicating that until 8 hours of fasting no changes were observed in either relative or absolute organ weight. However, the
relative jejunum weight of birds submitted to 4 hours fasting was higher than that of birds under no fasting. Total collection,
during a 3 day period, without fasting and marker use, is the best methodology for ingredient and feed evaluation of growing
birds.
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Estudo de variacdes metodoldgicas na determinacdo do metabolismo
aparente de nutrientes em frangos de corte

RESUMO - Realizou-se um ensaio com frangos de corte para a definicdo de um protocolo de determinacdo da
metabolizabilidade dos nutrientes e da energia da dieta. Foram estimados os coeficientes de metabolizabilidade de matéria
seca (MS), proteina bruta (PB), energia bruta (EB) e a energia metabolizavel aparente corrigida para nitrogénio (EMA,)
de uma mesma dieta, utilizando-se 81 aves, de 21 dias de idade. As metodologias testadas foram as seguintes: utilizacdo de
0,5% de Cr,04 como indicador (coleta parcial) ou 1% de Fe,O5 como marcador e aplicagdo ou nédo de jejum (0, 4, 6 e 8 horas)
pré-inicio de coleta e ap6s a Ultima refeicdo, no Gltimo dia de coleta (coletas totais). Periodos de coleta de trés ou cinco
dias também foram testados. Retiradas do mesmo grupo original, 20 aves de 31 dias de idade foram usadas para avaliar o
efeito do jejum sobre o tamanho dos érgédos digestivos. Ap6s o jejum, os 6rgdos foram retirados e pesados. Os coeficientes
de metabolizabilidade e a EMA,, determinados pelo método de coleta total ndo diferiram dos obtidos pelo método de trés
ou cinco dias de coleta. O uso do marcador e trés dias de coleta resultou em menor metabolizabilidade da PB em relacdo a
coleta total sem marcador. Jejum de 8 horas resultou em metabolizabilidade da PB significativamente menor em comparagéo
aos demais periodos de jejum ou a auséncia de jejum. Na coleta parcial de cinco dias, os coeficientes de metabolizabilidade
foram menores para todas as respostas. Pelo método de coleta total, obtiveram-se maiores metabolizabilidades da MS e PB
em comparacdo ao método de coleta parcial. Ndo foi observada influéncia do jejum sobre o peso absoluto ou relativo da
maioria dos 6rgdos. No entanto, o peso relativo do jejuno das aves submetidas a 4 horas de jejum foi maior que o das aves
sem jejum. A coleta total de excretas durante trés dias, sem jejum e sem o uso de marcador, consiste no melhor método de
avaliacdo de ingredientes e racdo em frangos de corte em crescimento.
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Introduction

The method of total excreta collection is the direct
method most commonly used to determine the
metabolizability of nutrients and metabolizable energy
(ME) of feeds or of their ingredients (Sakomura & Rostagno,
2007). Nevertheless, over the years researchers have
introduced variations in the method, one of which is
duration of collection period. Shang etal. (1982) observed
that the minimum time required for the determination of
metabolizable energy is 2 days, while Avila et al. (2006)
suggested that 4 days are needed to collect excreta in
order to obtain reliable results.

To obtain a more precise definition of the collection
period, markers are added to feeds on the first and last
collection day (Sakomura & Rostagno, 2007). The
explanation for the adoption of markers is that they move
together with the digesta along the lumen of the
gastrointestinal tract (Rodriguez, 2005). Nevertheless,
this may not be true in birds, due to anatomical differences
and the variations in digesta retention times in specific
sites of their gastrointestinal tract (Vergaraetal., 1989).
Another variation is the adoption of fasting to reduce
errors by guaranteeing that the excreta collected is
generated from the feed actually ingested. However,
fasting playsadirectrole inthe gastrointestinal tract and
triggers changes in sizes of digestive organs and in
nutrient transport (Starck, 1999).

Among the indirect methodologies currently used is
partial collection using indicators. Adding indicators to
feeds eliminates the need to measure feed intake and to
collectall the excreta produced (Sales & Janssens, 2003b).
This method produces good results compared to total
collection, although indicator recovery in excretamay vary
(Jaggeretal., 1992).

Considering the changes that have been introduced
over the years in in vivo methodologies, it has become
necessary to investigate their impact on metabolic responses
of birds and to assess the actual relevance of such regimes.
The present study compares these methods, aiming at
defining a simple and accurate protocol.

Material and Methods

This experiment was conducted in the Laboratoério de
Ensino Zootécnico (LEZO), Universidade Federal do Rio
Grande do Sul (UFRGS), and the of feed and excreta were
analyzed in the Laboratorio de Nutricdo Animal, UFRGS.
Chromium content analyses were carried out in the

Laboratorio de Minerais, Faculdade de Zootecnia e
Engenhariade Alimentos (USP).

Eighty-one male Ross x Ross 308 chickens (21 days of
age; mean weight 766 + 75 g) were used in this study. All
birds were housed in individual 0.10 m? metabolic cages
equipped with individual feeders and watering troughs and
kept in a controlled environment with constant lighting
throughout the experiment. Water was offered ad libitum,
and all birds were fed twice a day the same baseline meal diet
prepared with corn and soy meal as recommended by
Rostagnoetal. (2000), according to the studied methodologies.

The methodologies to determine metabolizability
included total or partial excreta collection for 3 or 5 days,
with or without fasting of solid feeds (for 4, 6 or 8 hours),
and with or without the use of ferric oxide (Fe,05) as marker
orchromium oxide (Cr,0,) as indicator.

The broilers were grouped following a randomized
design for the 9 methodologies and 9 replications. One bird
was defined as one experimental unit. An initial 4-day
adaptation period was observed to adapt birds to the diet
and environment, after which the collection periods were
initiated for each methodology (3 or 5 days). The
experimental diet was consumed throughout the experimental
period, except for the methodologies that included Fe,O4
as marker. Chromium oxide was administered as of the
first day of the adaptation period.

In the methodologies that included total collection for
3 days with 4, 6 or 8 h fasting regimens, fasting was
observed on the first day of the experimental period, before
the first collection was conducted. Once the fasting that
preceded the first feeding period had finished, the excreta
collection trays were cleaned and the accumulated material
was disposed of. On the last day of the experimental
period, the excreta produced during the interval between
the last feed offer and the end of the fasting period was
collected, for each methodology.

For the methodologies designed to include a marker,
1% Fe, 05 was added to the first meal given on the first and
on the last collection days. The beginning and the end of
the collection period were defined based on the observation
of the marker in excreta. Thus, the excreta that were not
marked in the first collection and those marked on the
second collection were discarded. In the methodologies
using indicator, 0.5% Cr,0, was added to the experimental
diet. For the partial excreta collection, samples were
collected, at 5 different sites on the tray and pooled to
obtain a representative sample.

Excretawere collected twiceaday (at8a.m.and 4p.m.)
to prevent fermentation. Next, excretawere stored at-10°C.
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Dry matter (DM), nitrogen (N) and gross energy (GE) were
analyzed in diets and excreta in accordance with the
recommendationsby AOAC (1995). Inthe DM analysis, excreta
were acidified with HCI to prevent nitrogen loss during the
drying process (Ribeiroetal.,2001). The chromium content
was determined following the methodology described
by Graner (1972) and samples were analyzed by atomic
absorption spectrometry (AOAC, 1995). Metabolizability
coefficients of DM, of crude protein (CP) and of GE were
calculated. Apparent metabolizable energy corrected for
N content (AMEnN) was calculated using equations
described by Matterson et al. (1965). In the methodology
using Cr,03, the of AMEn and DM metabolizability was
calculated using the chromium indigestibility factor
(Rodriguezetal., 2005).

In the assessment of the influence of fasting on organ
size, 5 birds used in the total excreta collection for 3 days,
with or without fasting for 4, 6 and 8 h were used. After the
last collection birds were weighed, killed by cervical
dislocation and eviscerated to obtain the organs of the
digestive tract. Crop, gizzard + proventriculus, duodenum
+ pancreas, jejunum, ileum and caeca were removed and
individually weighed including content. Subsequently,
these organs were emptied and weighed again. The time the
digesta moved through the gastrointestinal tract was
measured using the birds that received Fe,O5 as marker. A
chronometer was used to measure the time between the
moment the feed was offered and the appearance of the first
marked excreta. The rate of passage was individually
measured for each replication.

The analyses of variance were conducted according to
the GLM procedure (General Linear Models) in SAS (2001).
The methodologies were compared as follows: 3 days with
total collection without fasting and 5 days without fasting;
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3dayswith total collection without fasting and 3 days using
the marker Fe,O5; 5 days total collection without fasting
and 5 days total collection with the Fe,O; marker; 3 days
with partial collection using the Cr,O5indicator and 5 days
partial collection with the Cr,O5 indicator; 3 days total
collection without fasting and 3 days partial collection
using the Cr,O5 indicator; 3 or 5 days with collection
without fasting and 3 days with fasting for 4, 6 and 8 h.
ANOVA was also used to analyze the 3-day collections
after 0, 4, 6 and 8h fasting and their respective means were
analyzed using the Tukey test.

Results and Discussion

Considering the metabolizabilities of DM, CE, CP and
AMEn (Table 1) determined using the different collection
methodologies, it is possible to state that the method used
promoted significant variations across the results obtained
and that the lowest values were observed mostly in the
partial excreta collection regimen for 5 days, followed by the
method that used partial collection for 3 days.

The metabolizability values determined were similar
to those observed in other assays with broiler chickens
and were between 70 and 77% for DM (Oliveiraetal., 2007;
Vasconcellosetal.,2007; Rodriguesetal., 2005; Corréaetal.,
2002), 74and 77%for CE (Vasconcellosetal., 2007; Rodrigues
et al.; 2005) and 63 and 67% for CP (Lo6pez et al., 2007;
Oliveiraetal., 2007). Apart from this, the values of AMEn
obtained in this experiment were very near the formulated
values of 3.055 kcal ME/kg (Table 2).

When contrasts were analyzed (Table 2), no statistically
significant difference (P>0,05) was observed between the
collection periods of three and five days, for any of the
results obtained. Likewise, Sales & Janssens (2003b) did

Table 1 - Metabolizability of dry matter, crude energy, crude protein and apparent metabolizable energy corrected for nitrogen balance
(AMERN) and determined using different in vivo methodologies in 21-day-old broiler chickens

Dry matter (%)
Total collection

Crude energy (%)

Crude protein (%) AMERN (kcal’/kg NM)

5 days without fasting 76.0 + 1.0a

3 days without fasting 74.0 = 0.46ab
3 days with 4h fasting 74.8 + 0.79ab
3 days with 6h fasting 75.0 £ 0.42ab
3 days with 8h fasting 729 £ 0.84 ab
3 days with marker Fe,O, 73.5 + 0.63ab
5 days with marker Fe,04 75.3 + 0.95ab
Partial collection

3 days with indicator Cr,04 71.6 £ 0.91bc
5 days with indicator Cr,04 68.9 + 1.0c
Coefficient of variation (%) 3.3

P value 0.0001

79.5 + 1.1a 69.2 + 1.6a 3084 + 40abc
78.5 + 0.38a 67.6 = 0.82ab 3044 + 15abc
77.0 + 0.88ab 66.5 = 1.0abc 2987 * 34bcd
77.5 = 0.45ab 66.1 = 0.75abc 3005 + 17abcd
76.0 £ 0.88ab 62.4 + 1.3cd 2949 + 34cd
78.9 + 0.47a 63.9 + 0.94bc 3121 + 19ab
79.2 £ 0.95a 67.2 + 1.1abc 3135 + 38a
77.4 + 0.84ab 62.9 + 0.99bcd 3029 + 33abcd
741 £ 1.1b 57.9 £ 1.3d 2898 + 43d
3.2 5.2 3.2
0.0002 <0.0001 <0.0001

Means in one same column followed by different letters (P<0.05) in the Tukey test.

NM = natural matter.
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Table 2 - Comparisons by orthogonal contrast between metabolizabilities and AMEnN determined using different in vivo methodologies in 21-day-old broiler chickens

P

AMEnN (kcal/kg NM)

P

Crude Protein (%) Crude energy (%)

Dry matter (%)

Comparison

3044 + 15 vs 3084 + 40 0.37

0.37

78.5 £ 0.38 vs 79.5 + 1.1

0.08 67.6 £ 0.82 vs 69.2 + 1.6 0.31

1.0

74.0 £ 0.46 vs 76.0

Total collection (3 days)

vsTotal collection (5 days)
Total collection (3 days) vs
Total collection (3 days)

with Fe,O4

3044 + 15 vs 3121 + 19 0.08

0.72

78.5 + 0.38 vs 78.9 + 0.47

67.6 + 0.82 vs 63.9 £ 0.94 0.02

0.64

74.0 + 0.46 vs 73.5 + 0.63

0.52 69.2 £+ 1.6 vs 67.2 £ 1.1 0.20 795+ 1.1vs 79.2 + 0.95 0.80 3084 + 40 vs 3135 + 38 0.26

76.0 £ 1.0 vs 75.3 + 0.95

Total collection (5 days) vs
Total collection (5 days)

with Fe,O4

3029 + 33 vs 2898 + 43 0.005

0.01 774 + 084 vs 741 £ 11 0.01

62.9 + 0.99 vs 579 + 1.3

02

0.

1.0

71.6 £ 0.91 vs 68.9 =

Partial collection (3 days)

with Cr,05 vs Partial

collection (5 days) with Cr,04

Total collection (3 days) vs
Partial collection (3 days)

with Cr,04

0.04 67.6 + 0.82 vs 62.9 £ 0.99 0.01 785 + 0.38 vs 77.4 £ 0.84 0.35 3044 + 15 vs 3029 + 33 0.73

74.0 £ 0.46 vs 71.6 + 0.91

68.4 + 0.88 vs 65.0 £ 0.69 0.01 79.0 + 0.56 vs 76.8 £ 0.44 0.01 3064 + 21 vs 2980 + 17 0.01

0.29

75.0 + 0.59 vs 74.2 + 0.44

Partial collection (3 and

5 days) without fasting vs

total collection (3 days)

with fasting

Cortés et al.

not observe differences in DM metabolizabilities in
collections that lasted 1, 3, 6, 10 or 14 days. Similarly,
Avila et al. (2006) and Rodrigues et al. (2005) did not
observe differences in metabolism results within 2, 3, 4 and
5 days of collection. Nevertheless, in the present paper the
lowest coefficient of variation obtained for all the results
evaluated was observed in the 3-day collection period
without fasting in comparison with the 5-day collection
period without fasting. The coefficients were: 1.75vs 3.74
for DM metabolizability, 3.58 vs 6.74 for CP, 1.38 vs 3.74 for
CEand1.45vs 3.93 for AMEN, respectively, revealing that
this method is the most appropriate for this type of assay.

Regarding the use or not of the Fe,O; marker, the
metabolizabilities were similar for the two methodologies.
However, the use of the marker in the 3-day collection led
to the lowest CP metabolizability (P<0.02), which may be
explained by the specific aspects concerning the digesta
flow in birds. The crop and gizzard play an active role in
digesta retention, while the liquid phase is retained longer
inthe caecum. Therefore, marker flow depends on the phase
ofthe digestatowhich itisassociated (Vergaraetal., 1989),
and the 3-day collection period may not be enough to obtain
the full appearance of the marker in the excreta and thus
underestimate the metabolizability of some nutrients.

All the results obtained using partial excreta
collection with the Cr,0O5 indicator were lower (P<0.05)
inthe 5-day collection as compared to the 3-day collection.
Rodriguez etal. (2005) observed a similar result, which
points to the lower indicator recovery rate in the excreta of
the birds analyzed. In this methodology, it is assumed that
the Cr,O4 indicator moves along the gastrointestinal tract
without reacting with nutrients and digestive enzymes,
without solubilizing or being absorbed, and should be
thoroughly recovered in feces, without even undergoing
any interference fromthe natural chromium (Netoetal., 2003).
However, commercially available forms of Cr,0, may
contain small amounts of soluble forms of the metal that,
if absorbed, may affectresults (Netoetal., 2003). According
to Sales & Janssens (2003a), the lower results obtained
with this methodology are explained by the inherent
mistakes to it, such as the variability in the indicator
recovery rate inexcretaor the lack of uniformity due to the
manner in which the indicator combines with larger particles.

In the comparison between 3-day total and partial
collections (3-day total collection without fasting vs 3-day
collectionwith Cr,0,), itwas observed that metabolizability
for DM and CP was lower in the partial collection, showing
that the indicator underestimates values compared to the
total collection. The Cr,05_ indicator, although moving
mainly along with the digesta solid phase, could accumulate
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partially in the watery phase affecting AME values
(Palander, 2006), which explains the lower results obtained
in the present study.

The last comparison, between methodologies with and
without fasting, regardless of duration, proved that DM
and CE metabolizabilities and that diet AMEn were higher
in the birds managed without fasting (P<0.01), which
confirmed that the withdrawal of food for 4 h or longer may
underestimate metabolism results.

In the analysis of the methodology with and without
different fasting periods and 3-day collection (Table 3), no
difference (P>0.05) was observed between DM and CE
metabolizabilities and AMEn of birds submitted or not to
different fasting periods. No statistical difference was
detected (P>0.05) between the CP metabolizability evaluated in
broilers submitted to 0, 4 and 6h fasting periods. Nevertheless,
the 8h fasting period led to lower metabolizability (P<0.01),
which corroborated the hypothesis that fasting causes changes
in nutrient absorption and metabolism (Ferraris & Carey,
2000). Itis possible that the lower CP metabolizability was
the outcome of increased endogenous and mainly of metabolic
losses that occur with increased fasting times. In this
case, the larger excretion of nitrogen as uricacid inurine
during the last hours of fasting could explain the results.

It is worth stressing that bird age is an important
variable. Inyoung birds, up to 7 days of age, agradual filling
of the gastrointestinal tract may occur as of a former situation
of emptinessand itis possible to obtain negative metabolism
results. In such cases, fasting may be important to solve
these kinds of problem.

The relative weight of the digestive tract organs of
broiler chickens in the several fasting periods (Table 4)
indicated that the fasting of up to 8 h did not produce any
significant effect on organ weights or segments evaluated.
The exception was the jejunum, that was lighter in birds that
did not undergo fasting as compared to those that were
submitted to the 4h fasting period. Considering the other
fasting periods, the values were intermediary.

One of the explanations for the lowest jejunum weight
in birds not submitted to fasting is the fact that ingesta
accumulates more expressively in the jejunum, over the
first hours of fasting, to start nutrient recycling (Clech &
Mathias, 1995). Thisrecycling compensates for the lack of
feed in the gastrointestinal tract and thus causes changes
inenzymatic activity, greater cell proliferation in this segment
and therefore an increase in gastrintestinal weight.

The pattern of results obtained in this experiment is the
same obtained by Hinton et al. (2000b), in a study that
revealed that the adoption of fasting for 0, 6, 12 18 and 24 h
did notdiminish caecum weight. Also, Buhretal. 1998, 2003)
verified that most of this weight loss was explained by the
emptying of the gastrintestinal tract, not by organ weight
loss per se, during the first 6 hours of fasting. Cabrera &
Saadoun (2006) and Karasov & McWilliams (2005) observed
that feed restriction led to losses of small intestine weight
only after fasting periods in excess of 21 h.

The age of the birds used in this experiment may also
offer an explanation for the lack of effects of fasting on the
size of the gastrointestinal organs. In these animals, the
gastrointestinal tract was fully developed and the organism
placed greater emphasis on enzymatic responses,
absorptive mechanisms and even behavioral mechanisms,
in order to save energy. Therefore, no organ or segment
of any organ suffered the influence of fasting or of
different fasting periods on absolute weight. Yet, in 1-day-
old birds the effects of fasting may be quite remarkable
(Geyraetal., 2001).

Contents of the crop, proventriculus + gizzard, small
intestine , jejunum, and ileum were respectively larger in
birds that did not undergo fasting compared to the fasting
ones (P<0.05), but these contents did not vary across the
different fasting periods (Table 5). The contents of
duodenum and caecum + colon, however, did not differ for
the different methodologies tested.

The content of the crop of the birds submitted to 4, 6
and 8h fasting periods was essentially water. Similarly,

Table 3 - Metabolizability of dry matter, crude energy crude protein and AMEn determined using several methodologies in 21-day-old

broiler chickens

Metabolizability

Methodology

Dry matter (%)

Crude energy (%)  Crude protein (%) AME, (kcal/kg NM)

Total collection (3 days) without fasting 74.0 + 0.46
Total collection (3 days) with 4-h fasting 74.8 + 0.79
Total collection (3 days) with 6-h fasting 75.0 + 0.42
Total collection (3 days) with 8-h fasting 72.9 + 0.84
Coefficient of variation (%) 2.64
P 0.10

78.5 = 0.38 67.6 = 0.82a 3044 + 15
77.0 £ 0.88 66.5 + 1.0a 2987 + 34
775 = 0.45 66.1 + 0.75a 3005 + 17
76.0 = 0.88 62.4 £ 1.3b 2949 + 34
2.67 4.62 2.73
0.10 0.01 0.08

Means in one same column followed by different letters differ (P<0.05) in the Tukey test.

NM = natural matter.
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Table 4 - Relative weight (%) of emptied digestive organs of broiler chickens submitted to different fasting periods

Fasting (h) Relative organ weight! (%)
BW (g) Crop Gizzard and Small Duodenum+ Jejunum Ileum Caecum +
proventriculus intestine Pancreas Colon
0 1464 + 66 0.5 £ 0.02 25 % 0.12 29 + 0.11 0.9 £ 0.07 0.9 + 0.04b 1.0 £ 0.06 0.6 = 0.04
4 1460 + 46 0.5 £ 0.02 24 x 0.12 3.2 + 0.06 0.9 £ 0.02 1.2 + 0.04a 1.1 £ 0.06 0.6 £ 0.02
6 1428 + 50 0.6 £ 0.02 2.5 + 0.05 2.9 + 0.09 0.8 + 0.04 1.1 £ 0.06ab 1.0 + 0.02 0.6 = 0.02
8 1426 + 29 0.6 £ 0.05 2.6 + 0.09 3.1 +0.17 0.9 £ 0.03 1.1 + 0.08ab 1.1 £ 0.09 0.5 * 0.01
CV (%) 7.6 12.8 8.8 8.5 11.3 11.5 13.0 9.5
P 0.91 0.50 0.68 0.22 0.26 0.03 0.35 0.84
percentages correspond to the weight of the organ relative to the animal weight.
Means in one same column followed by different letters differ in the Tukey test (P<0.05).
CV = coefficient of variation.
Table 5 - Content of the gastrointestinal tract (g) of broiler chickens submitted to different fasting periods
Fasting (h) Content Weight (g)
Crop Gizzard + proventriculus  Small intestine Duodenum Jejunum lleum Caecum + Colon
0 13.1 + 2.4a 17.6 £ 1.5a 51.9 + 5.8a 8.0 £ 0.9 28.8 £ 26a 191 + 1.7a 71+ 25
4 3.4 +0.9b 13.0 £ 1.9ab 23.3 + 3.4b 6.4 1.0 9.4 +1.9b 7.6 +1.8b 7.7 +18
6 1.5 + 0.4b 10.2 £ 1.5b 16.0 + 0.6b 52 1.0 8.3 £0.9b 2.5+ 0.3b 3.7 0.8
8 1.0 + 0.45b 9.8 + 2.0b 15.8 + 1.5b 55+ 0.8 7.0 £ 0.9b 3.9+ 1.1b 3.0 £06
CV (%) 62.4 30.8 28.8 33.0 28.9 36.8 66.7
P 0.01 0.02 0.01 0.17 0.01 0.01 0.13

Means in the same column followed by different letters differ in the Tukey test (P<0.05).

CV = coefficient of variation.

Hinton etal. (2000b) and Savage (1998) observed adecrease
in crop content during the first hours of fasting periods. On
the other hand, the presence of ingesta in the gizzard +
proventriculus of birds that are under fasting is due to
decreased pylorus activity, which obstructs the depletion
of the totality of the contents, and to the lack of feed that
forces the movement of the remaining gizzard contents. The
decrease in peristaltic and antiperistaltic activity makes the
material linger along different intestine segments, even
when longer fasting times are adopted. The data obtained
inthe present paper are similar to those reported by Savage
(1998) inastudy that revealed differentamounts of intestinal
contents aftera 10 h fasting regime, and to the data obtained
by Hinton etal. (2000a), who observed digesta inthe ileum,
large intestine and cloaca 16 h after feed withdrawal.

The weights of the duodenum and of the caecum + colon
contents did not differ with the adoption of fasting. In the
case of the caecum + colon, the content in this segment was
considerably larger with the 0 and 4 h fasting as compared to
the 6 and 8 h fasting. Nevertheless, the high variation
coefficient masked the differences across methodologies,
which did not present statistical significance. A ten hour
fasting period is enough to increase epithelial scurf to the
point that remaining contents held up in the last third of the
intestine are moved forward (Savage, 1998).

The mean time taken by excreta marked with Fe,O5 to
appear was 228 min, in both methodologies (total collection

for 3 days and total collection for 5 days), that is, 3 h 48
min (Table 6). Washburn (1991) studied 35-day-old broiler
chickens and also observed that the time digesta flowed
was 228 min. The variation coefficient was relatively low
and no differences were observed in times at which the
marker appeared in excreta, considering the 3- and 5-day
collection periods. Thisresultwas predictable, since the
methodology including marker use was the same in the
two cases.

Table 6 - Timeelapsed (min) between feeding and appearance of
the Fe,O, marker in the excreta of growing broiler
chickens

Methodology Time marker appeared (min)

Total collection, 3 days 223 £ 5.9
Total collection, 5 days 233 £ 94
Coefficient of variation (%) 10.3
P value 0.38

Conclusions

The lack of methodological standardization leads to
variable metabolizatizabilty coefficientsin broiler chickens.
Changes in methods concerning collection period, adoption
of fasting and use of an indicator or marker are factors that
influence experimental results. A regimen of 3 days with
total collection, without using a marker and without fasting,
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is the best methodology to assess the use of nutrients and
feeds by broiler chickens. Using markers produces similar
results to the conventional method, but it does not increase
quality in the obtained values, while indicator use
underestimates metabolic results. Fasting periods of up to
8 h do not significantly influence the weights of
gastrointestinal organs, but long fasting periods produce
negative effects in some results, and are best avoided.

Literature Cited

ASSOCIATION OF OFFICIAL ANALITICAL CHEMISTS - AOAC.
Official methods of analysis. 16.ed. Washington: 1995. 1094p.

AVILA, V.,; PAULA, A.; BRUM, P. et al. Determinacdo do periodo
de coleta total de excretas para estimativa dos valores de energia
metabolizavel em frangos de corte. Revista Brasileira de
Zootecnia, v.35, n.5, p.1966-1970, 2006.

BUHR, R.J.; NORTHCUTT, J.K.; LYON, C.E. et al. Influence of
time off feed on broiler viscera weight, diameter, and shear.
Poultry Science, v.77, p.758-764, 1998.

BUHR, R.J.; DICKENS, J.A.; WILSON, J.L. Filling and emptying
of the alimentary tract of meal-fed broiler breeder hens. Poultry
Science, v.82, p.2000-2004, 2003.

CABRERA, M.C.; SAADOUN A,A. Fasting duration influences the
inhibition of food intake by histamine in chickens. Physiology
& Behavior, v.88, p.506-515, 2006.

CLENCH, M.H.; MATHIAS, J.R. Motility responses to fasting in
the gastrointestinal tract of three avian species. The Condor,
v.97, p.1041-1047, 1995.

CORREA, G.; GOMES, A.; CORREA, A. et al. Digestibilidade da
racdo de frangos de corte suplementados com probiéticos e
antibiotico. Ciéncia Rural, v.32, n.4, p.687-691, 2002.

FERRARIS, R.; CAREY, H. Intestinal transport during fasting
and malnutrition. Annual Review of Nutrition, v.20,
p.195-219, 2000.

GEYRA, A.; UNI, Z.; SKLAN, D. The effect of fasting at different
ages on growth and tissue dynamics in the small intestine of the
young chick. British Journal of Nutrition, v.86, p.53-61, 2001.

GRANER, C.A. Determinacdo do cromio pelo método
colorimétrico da difenilcarbazida. 1972. 112f. Tese (Doutorado
em Ciéncias) - Universidade Estadual Paulista, Botucatu, 1972.

HINTON, A.; BUHR, R.J.; INGRAM, K.D. Physical, chemical, and
microbiological changes in the crop of broiler chickens subjected
to incremental feed withdrawal. Poultry Science, v.79,
p.212-218, 2000a.

HINTON, A.; BUHR, R.J.; INGRAM, K.D. Physical, chemical,
and microbiological changes in the ceca of broiler chickens
subjected to incremental feed withdrawal. Poultry Science,
v.79, p.483-488, 2000b.

JAGGER, B.; WISEMAN, J.; COLE, D.; CRAIGON, J. Evaluation
of inert markers for the determination of ileal and faecal
apparent digestibility values in the pig. British Journal of
Nutrition, v.68, p.129-139, 1992.

KARASOV, W.H.; McWILLIAMS, S.R. Digestive constraints in
mammalian and avian ecology. In: STARCK, J.M.; WANG T.
(Eds.) Physiological and ecological adaptations to feeding
vertebrates. Enfield, New Hampshire: Science Publishers, 2005.
p.87-112.

LOPEZ, C.A.; BAIAO, N.C.; LARA, L.J. et al. Efeitos da forma
fisica da racédo sobre a digestibilidade dos nutrientes e desempenho
de frangos de corte. Arquivo Brasileiro de Medicina Veterinaria
e Zootecnia, v.59, n.4, p.1006-1013, 2007.

MATTERSON, L.D.; POTTER, L.M.; STUTZ, M.W. The
metabolizable energy of feed ingredients for chickens.
Storrs: University of Connecticut, Agricultural Experiment
Station, 1965. 11p. (Research report, 7).

NETO, H.; GRANER, C.; PEZZATO, L. et al. Diminuicéo do teor de
oxido de cromio (I1l) usado como marcador externo. Revista
Brasileira de Zootecnia, v.32, n.2, p.249-255, 2003.

OLIVEIRA, M.; CANCHERINI, L.; GRAVENA, R. et al.
Utilizacdo de nutrientes de dietas contendo mananoligossacarideo
e/ou complexo enziméatico para frangos de corte. Revista
Brasileira de Zootecnia, v.36, n.4, p.825-831, 2007.

PALANDER, S. Digestion capacity, nutrient digestibilities
and physico-chemical conditions in the intestine influenced
by the age of growing turkeys. 2006. 29f. Thesis (Ph.D. in
Animal Science) - University of Helsinki, 2006.

RIBEIRO, A.M.L.; PENZ, A.M.; BELAY, T.K. et al. Comparison
of different drying techniques for nitrogen analysis of poultry
excreta, feces, and tissue. Journal of Applied Poultry
Research, v.10, p.21-23, 2001.

RODRIGUEZ, M.C. Avaliacdo de metodologias para determinacdo
da digestibilidade aparente da proteina para elaboracéo
de sucedéneos do leite para bezerros. 2005. Dissertagdo
(Mestrado em Nutricdo Animal) - Universidade Federal do Parana,
Curitiba, 2005.

RODRIGUES, P.; MARTINEZ, R.; FREITAS, R. et al. Influéncia
do tempo de coleta e metodologias sobre a digestibilidade e o
valor energético de racdes para aves. Revista Brasileira de
Zootecnia, v.34, n.3, p.882-889, 2005.

ROSTAGNO, H.S.; ALBINO, L.F.T.; DONZELLE, J.L. Tabelas
brasileiras para aves e suinos - composicdo de alimentos e
exigéncias nutricionais. Vigosa, MG: Universidade Federal de
Vicosa, 2000. 141p.

SAKOMURA, N.; ROSTAGNO, H. Metodologias para avaliar o contetdo
de energia dos alimentos. In: Métodos de pesquisa em nutrigéo
de monogastricos. Jaboticabal: Funep, 2007. p.41-71.

SALES, J.; JANSSENS, G.P. The use of markers to determine energy
metabolizablity and nutrient digestibility in avian species.
World’s Poultry Science Journal, v.59, p.314-327, 2003a.

SALES, J.; JANSSENS, G.P. Methods to determine metabolizable
energy and digestibility of feed ingredients in the domestic pigeon
(Columba livia domestica). Poultry Science, v.82, p.1457-1461,
2003b.

SAVAGE, S. [1998]. Feed withdrawal for broiler chickens.
Disponivel em: <http://www.gov.mb.ca/agriculture/livestock/
poultry/pdf/bba01s28.pdf>. Acesso em: 12/5/2007.

STATISTICAL ANALYSIS SYSTEM - SAS. SAS (2001) User’s
guide. Version 8.2. Cary: SAS Institute, 2001. 956p.

SHANG, M.; SIBBALD, I.R.; HAMILTON, R. Comparison of two
direct bioassays using young chicks and two internal indicators
for estimating the metabolizable energy content of feedingstuffs.
Poultry Science, v.62, p.117-124, 1982.

STARCK, J.M. Phenotypic flexibility of the avian gizzard: rapid,
reversible and repeated changes of organ size in response to
changes in dietary fibre content. Journal of Experimental
Biology, v.202, p.3171-3179, 1999.

VASCONCELLOS, C.H.; VELOSO, J.A.; SALIBA, E.O. et al. Uso
da LIPE® como indicador externo na determinagdo da energia
metabolizavel de alimentos em frangos de corte. Arquivo
Brasileiro de Medicina Veterinaria e Zootecnia, v.59, n.2,
p.459-465, 2007.

VERGARA, P.; JIMENEZ, M.; FERRANDO, C. et al. Age influence
on digestive transit time of particulate an soluble marker in
broiler chickens. Poultry Science, v.68, p.185-189, 1989.

WASHBURN, K.W. Efficiency of feed utilization and rate of feed
passage through the digestive system. Poultry Science, v.70,
p.447-452, 1991.

© 2009 Sociedade Brasileira de Zootecnia



