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ABSTRACT - The objective of this work was to estimate the total recovering and the long term bias of the estimates
of fecal excretion using the external markers chromic oxide and titanium dioxide and internal markers indigestible dry matter
(iDM), indigestible neutral detergent fiber (iNDF) and indigestible acid detergent fiber (iIADF) in a digestion assay with cattle
fed different diets. Fourteen F1 Red Angus x Nellore averaging 12 months and 287 kg were used. The animals were fed with
elephant grass silage, corn silage or signal grass hay and supplemented or not with 20% of concentrate. The experiment
consisted of two 13-days experimental periods according to a 2 x 2 Latin square design with seven squares. The animals received
10 g/d of chromic oxide and titanium dioxide through esophageal sounder. There was no effect of forage, concentrate or their
interaction on fecal recovering of external and internal markers. The average fecal recovering of chromic oxide and titanium
dioxide were 99.50% and 101.95%, respectively. iDM, iNDF and iADF presented average fecal recovering of 99.02%, 98.87%
and 102.07%, respectively. For all markers the fecal recovering was found to be 100% and all of them presented no long term
bias. However, higher precision was observed for fecal excretion estimates obtained with internal markers.

Key Words: chromic oxide, indigestible acid detergent fiber, indigestible dry matter, indigestible neutral detergent fiber,
titanium dioxide

Recuperacéo fecal e vicio de tempo longo de indicadores internos e
externos em ensaio de digestdo com bovinos

RESUMO - Objetivou-se estimar a recuperacdo total e o vicio de tempo longo das estimativas de excrecdo fecal obtidas
com os indicadores externos 6xido cromico e didxido de titanio e com os indicadores internos matéria seca indigestivel (MSi),
fibra em detergente neutro indigestivel (FDNi) e fibra em detergente acido indigestivel (FDAIi) em ensaio de digestdo com
bovinos alimentados com diferentes dietas. Foram utilizados 14 novilhos F1 Red Angus x Nelore, ndo-castrados, com idade
e peso médios de 12 meses e 287 kg. Os animais foram alimentados com silagem de capim-elefante, silagem de milho ou feno
de capim-braquiaria, suplementados ou ndo com 20% de mistura concentrada. O experimento foi constituido de dois periodos
de 13 dias cada, segundo delineamento em quadrado latino 2 x 2, com agrupamento de sete quadrados. Os animais receberam
diariamente 10 g de 6xido cromico e 10 g de diéxido de titanio através de sonda esofagica. N&do foram observados efeitos de
forragem, nivel de concentrado ou de sua interagdo sobre as estimativas de recuperacdo fecal, tanto dos indicadores internos
quanto dos indicadores externos. As estimativas de recuperacdo fecal média para o 6xido crémico e para o dioxido de titanio
foram de 99,50% e 101, 95%, respectivamente. Para os indicadores internos, observou-se recuperacdo fecal média de 99,02;
98,87 e 102,07% para MSi, FDNi e FDAI, respectivamente. Em todos o0s casos, as recuperacdes fecais foram iguais a 100%.
Todos os indicadores avaliados podem ser considerados isentos de vicio de tempo longo. Contudo, maior precisdo é verificada
para as estimativas de excregdo fecal obtidas com indicadores internos.

Palavras-chave: dioxido de titanio, fibra em detergente &cido indigestivel, fibra em detergente neutro indigestivel, matéria
seca indigestivel, 6xido crémico

Introduction the fecal excretion is the basic parameter of indigestibility

of a food or diet, because it represents, as least apparently,

The estimation of diet digestibility is based on the the portion of ingested food that was not utilized during
apparent indigestibility as starting point. In this context, passage through gastrointestinal tract (Detmannetal., 2004).
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However, total collecting of feces is hard to be done with
cattle and indirect methods for fecal mass estimation, such
as use of markers, are usually demanded.

The chromic oxide (Cr,0,) is the most used external
marker in cattle assays. Currently, some legal aspects
regarding chromic oxide utilization has been highlighted,
because it is not approved for animal or human feeding by
Food and Drug Administration (Titgmeyer et al., 2001).
So, alternative external markers must be evaluated for using
in ruminant nutrition experiments.

The titanium dioxide (TiO,) has been used as alternative
to oxide chromic and suitable results have been obtained in
assayswithnon-ruminant (Jaggeretal., 1992; Shortetal., 1996)
and ruminantanimals (Titgemeyer etal.,2001; Myersetal., 2006;
Glindemannetal., 2009). This compound is usually present
in some products for human feeding and has no limitation
concerning its inclusion in animal food.

However, there are too few results about efficiency of
titanium dioxide as markers in ruminant assays. The most
evaluations are concerned non-tropical conditions
(Titgemeyeretal.,2001; Myersetal.,2004; 2006; Glindemann
et al., 2009) and studies on its use in the tropics are still
incipient (Marcondesetal., 2006; 2008; Ferreiraetal., 2009a;
2009b).

Additionally, there are internal markers used indigestion
assays with ruminants, which basically encompass the
indigestible residues of feeds which are represented by
indigestible dry matter (iDM), indigestible neutral detergent
fiber (iINDF) and indigestible acid detergent fiber (iIADF)
(Detmannetal., 2004).

The fecal production estimates are obtained through
cause/effect relationships between feed or diet and the
digestive events within gastrointestinal tract (Detmannetal.,
2007), because as feed pass through gastrointestinal tract
there will be increase in digesta content of marker caused
by removal of other compounds by digestion and absorption
(Astigarraga, 1997).

The verification ifacompound does or does not present
the ideal characteristics of a marker should begin from
evaluation of its recovering after passage through
gastrointestinal tract (Detmann etal., 2007). When a marker
can not be totally recovered in feces there will be a
recovering bias or long term bias (Langlands etal., 1963;
Detmann etal., 2007), which is an inherent characteristic
of marker. Thus, a marker only can be surely used in
digestion assays if it can be assumed free of long term bias
(Detmannetal., 2007).

Controversial results have been pointed out concerning
digestion estimates when different markers were used

(Detmannetal., 2001; itavo etal., 2002). Those divergences
could reflect diet interferences, aspects of analytical
precision and inherent characteristics of marker flow.

So, the objective of this work was to estimate the fecal
recovering of chromic oxide, titanium dioxide, iDM, iNDF
and iADF, and the long term bias of fecal excretion estimates
obtained using these markers in a digestion assay with
cattle fed different diets.

Material and Methods

The experiment was carried out in the Animal and
Animal Nutrition Laboratories of Departamento de
Zootecniaat Universidade Federal de Vicosa, Vicosa-MG.

Fourteen F1 Red Angus x Nellore averaging 12 months
oldand 287 + 36 kg and keptin individual stalls were used.
Elephant grass (Pennisetum purpureum) silage (six
animals), corn (Zeamays) silage (six animals) and signal
grass (Brachiaria decumbens) hay (two animals) were
used as forage. The experiment consisted of two 13-day
experimental periods, and the first five days were allocated
to the adaptation of the animals to the diets followed by
eight days of sample collection. The animals were adapted
to experimental conditions during 14 days prior the
experimental periods.

Inthe first period half of animals in each forage received
a concentrate supplemented which was supplied at 20% of
the total diet as dry matter (DM) basis. In the second
experimental period the concentrate supplementation was
crossed over to the animals not supplemented in the first
period. The concentrate was based on corn grain, soybean
meal and mineral mixture and presented approximately 30%
of crude protein (CP), as DM basis.

The feed samples were analyzed regarding contents of
DM, organic matter, and acid detergent fiber according to Silva
& Queiroz (2002). The ether extract contents were obtained by
petroleum ether extraction using a X T15 extractor (Ankom®).
The neutral detergent fiber was evaluated according to
Mertens (2002), using a a heat stable alpha amylase, without
using sodium sulphite. The corrections of NDF concerning
ash and protein were done using methods of Mertens (2002)
and Licitraetal. (1996), respectively (Table 1).

The total collection of feces was performed in the first,
fourth and seventh days of collection period, beginning at
7 a.m. and keeping over 24 hours. The feces were collected
after spontaneous defecation and packed in polyethylene
containers. After that, the feces were homogenized and
weighed. Representative samples (approximately 10% of
the total feces) were taken and frozen (-20°C).
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Table 1 - Chemical composition of feeds

Feed
Item Corn silage Elephant grass silage Signal grass hay Concentrate
Dry matter (% as fed) 28.4 31.2 92.8 88.1
Organic matter (% DM) 95.8 92.5 95.8 94.9
Crude protein (% DM) 6.1 4.4 4.4 29.5
Ether extract (% DM) 3.6 1.5 1.3 1.1
NDFap (% DM)! 49.9 71.9 79.2 7.9
Acid detergent fiber (% DM) 29.9 56.8 55.2 13.2
Non-fibrous carbohydrates (% DM)?2 36.2 14.7 10.9 56.4

1 NDFap = neutral detergent fiber corrected for ash and protein. 2 NFC = OM — (CP + EE + NDFap).

Duringall experimental period, chromic oxide (10 g) and
titanium dioxide (10 g) were daily supplied to the animals at
12 p.m. by using an esophageal sounder.

For the quantification of voluntary intake, feedstuffs
supplied between the sixth and the twelfth days of each
experimental period were considered and the orts were
measured between the seventh and thirteenth day.
Composite samples were elaborated per animal and
experimental period and frozen (-20°C).

Feces, feed and ort samples were thawed at environment
temperature, oven dried (60°C) and processed in a knife mill
(2 mm). After that, representative fecal samples obtained
through total collection were composed by animal and
experimental period. All samples were analyzed regarding
DM content (Silva & Queiroz, 2002).

Fecal samples were evaluated concerning chromium
and titanium dioxide contents by using atomic absorption
(Williansetal., 1962) and colorimetric (Myersetal., 2004)
methods, respectively.

For the quantification of internal markers contents,
three aliquots of each feed, ort and feces sample were put
in non-woven textile bags (100 g/m2; 4 x 5cm), inaratio of
25 mg DM/cm? of surface. The bags were then heat-sealed.

The bags were keeping during 264 hours (Casali etal.,
2008) in the rumen of a bull fed a corn silage:concentrate
diet (80:20). After that, bags were cleaned with tap
water, sequentially oven dried at 60°C (72 hours) and
105°C (1 hour), kept in a dissecator and weighed. The
residue was supposed to be iDM. It must be emphasized the
weighing procedure was done limiting to 20 the number of
bags put in the dissecator. Such restriction was adopted to
avoid constraints due to moisture absorption by the residue.

The bags were then submitted to extraction with neutral
detergent (Mertens, 2002) using a fiber analyzer
(Ankom?200®) (100°C/1 hour). After the extraction, the bags
were washed with hot water and acetone, and dried and
weighed as described above. The residue was assumed as
iNDF. Acid detergent extraction was sequentially done to

obtain the iADF contents. It was used the acid detergent
composition described by Goering & Van Soest (1975).

The fecal excretions of chromium, titanium dioxide,
iDM, iNDF and iADF were estimated multiplying the total
DM excretion by the marker content in the representative
fecal sample, according the equation:
MFE = FM x [M]gg Q);
where MFE is the fecal excretion of marker (kg/d), FM is the
fecal mass obtained by total collection (kg/d), and [M]gg is
the marker contentin the representative fecal sample (kg/kg).

From the assumptions of Equation (1), the fecal
recovering of the markers was calculated as the ratio of fecal
excretion on the intake of marker, describe as:

MFE

FR = %100 );

where FR is the fecal recovering of marker (%), MFE is the
fecal excretion of marker (kg/d), and D is the daily dose of
external marker or the daily intake of internal marker (kg/d).

The fecal excretion was also estimated by using the
fecal content of markers according to the equation:

D
(M1, @)
where FEgg is the fecal excretion estimated by using the
marker content in the fecal representative sample (kg/d), D
is the daily dose of external marker or the daily intake of
internal marker (kg/d), and [M]g¢ is the marker contentin the
representative fecal sample (kg/kg).

The experimentwas carried outaccordingtoa?2 x 2 latin
square design (Cochran & Cox, 1957), with two experimental
periods and seven replicates of squares (three with corn
silage, three with elephant grass silage, and one with signal
grass hay). The concentrate levels in the diet (0 or 20%)
were evaluated within each square, being crossed over the
experimental periods. Therefore, a3 x 2 factorial arrangement
was adopted (3 forages and 2 concentrate levels), according
to the model:

Yy =u+F+N, +FN, +P, +4,, +¢&, 4);
where Yijkl is fecal recovering of marker in the animal I,
during period k, fed the forage i and the concentrate level j;

FE,; =
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u is the general constant; F; is the effect of forage (fixed);
Nj is the effect of concentrate level j (fixed); FNij is the
interaction between forage i and concentrate level j (fixed);
P\ is the effect of the experimental period k (fixed); A(i)I is
the effect of animal k nested to forage i (random); and Eijki
is the experimental error supposed to be normal and
independently distributed with mean zero and variance c2.

The estimates of fecal recovering obtained by each
marker were evaluated through variance analysis according
tothe model described in (4). Type I11 sums of squares were
used (Littell etal., 1991) due to imbalance of observations
in different forages.

The estimate of residual variance for each marker was
used to build confidence intervals (1 - o.=0.95) for average
fecal recovering. The fecal recovering was supposed to be
complete when the parametric value 100 was found to be
within confidence interval.

The occurrence of long term bias was evaluated through
adjustment of a linear regression model of fecal excretion
obtained by total collection (YY) on fecal excretion estimated
by marker content in the representative fecal sample (X;
Equation 3). The adjusted linear model was evaluated using
the hypotheses (Mayer et al., 1994):

Hp: Bop=0and B, =1;H,:noH,

When the null hypothesis was not rejected it was
concluded there was no long term bias.

All statistical procedures were performed using SAS
(Statistical Analysis System) adopting 0.05 as the critical
limit for type I error.

Results and Discussion

Effects of forage, concentrate levels or their interaction
were notobserved (P>0.05) on fecal recovering of external

and internal markers. This patter bring into evidence that
markers recovering is not dependent on diet characteristics.

The average fecal recovering of chromic oxide and
titanium dioxide was 99.50 and 101.95%, respectively
(Table 2). For the internal markers, the average fecal
recoveringwas 99.02,98.87 and 102.07% considering iDM,
iNDF and iADF, respectively (Table 3). Forall markers, the
fecal recovering was found to be 100% (P>0.05) which
indicates thatall of them accurately estimate fecal excretion
when only recovering aspects are considered.

Despite of marker, it was observed the inclusion of
parametric value 100% within the confidence intervals
generated for all forages and concentrate levels (P>0.05),
which reinforce that total recovering of different markers
does not depend on diet characteristics (Tables 2 and 3).
The broader confidence interval for signal grass hay can be
explained because this forage presented less replicates
than other forages (n = 4).

The results of this work regarding titanium dioxide
agree with Marcondesetal. (2006) and Ferreiraetal. (2009b),
who reported similar results of fecal excretion obtained with
titanium dioxide and total collection in heifers and lactating
cows, respectively. Additionally, Marcondes et al. (2008)
and Ferreiraetal. (2009a) observed that titanium dioxide can
be accurately used for estimating the individual intake of
concentrate by group feeding cattle when it was associated
with other markers. On the other hand, Titgemeyer et al.
(2001) verified in experiments with cattle that diet
characteristics did not affect the fecal recovering of titanium
dioxide.

If marker recovering would be dependent on diet
characteristics, there would be a constraint for estimating
the digestibility coefficients when very different diets were
evaluated. In such hypothetical cases, at least part of

Table 2 - Fecal recovering estimates and confidence interval (1 - oo = 0.95) using chromic oxide and titanium dioxide

Confidence interval

Item Fecal recovering (%) Lower limit Higher limit
Chromic oxide
Elephant grass silage 94.11 85.19 103.04
Corn silage 103.79 96.22 111.36
Signal grass hay 100.18 87.05 113.30
Concentrate 0% 97.51 89.17 105.84
Concentrate 20% 101.20 92.87 109.54
General mean 99.50 94.35 104.65
Titanium dioxide
Elephant grass silage 103.76 96.25 111.27
Corn silage 100.43 92.92 107.93
Signal grass hay 101.08 88.07 114.09
Concentrate 0% 99.51 91.60 107.43
Concentrate 20% 104.00 96.08 111.91
General mean 101.95 97.04 106.87
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Table 3 - Fecal recovering estimates and confidence interval (1 - o = 0.95) using indigestible dry matter, indigestible neutral detergent

fiber and indigestible acid detergent fiber

Confidence interval

Item Fecal recovering (%) Lower limit Higher limit
Indigestible dry matter
Elephant grass silage 97.49 92.06 102.92
Corn silage 103.50 98.06 108.93
Signal grass hay 95.43 86.91 103.94
Concentrate 0% 97.45 92.25 102.62
Concentrate 20% 100.17 94.59 105.75
General mean 99.02 95.68 102.36
Indigestible neutral detergent fiber
Elephant grass silage 97.56 91.73 103.39
Corn silage 103.46 99.84 107.08
Signal grass hay 93.73 85.02 102.44
Concentrate 0% 98.32 94.90 101.73
Concentrate 20% 98.17 92.58 103.76
General mean 98.87 96.52 101.20
Indigestible acid detergent fiber
Elephant grass silage 98.76 90.25 107.26
Corn silage 110.47 99.48 121.46
Signal grass hay 92.48 70.17 114.09
Concentrate 0% 98.84 84.74 112.91
Concentrate 20% 102.08 92.06 112.16
General mean 102.07 96.18 107.96

difference among diets would be caused by influence of
diet on fecal recovering of marker. So, the estimates of
digestibility would be obtained in a confounded form.
Thereby, an ideal marker should not affect or be affected
by gastrointestinal tract or its microbial population
(Kotb & Luckey, 1972; Schneider & Flatt, 1975; Owens &
Hanson, 1992). In other words, the marker should not
interact with diet or interfere on diet utilization in the
gastrointestinal tract.

Therefore, it could be assume that chromic oxide and
titanium dioxide achieved that demanded requirement for
an ideal marker because fecal recovering of both markers
seems to be not affected by different feeding conditions.
From this, assuming that there is total fecal recovering and
there are not diet effects on recovering, both external markers
can be assumed similar each other. So, when necessary, the
titanium dioxide can be assuredly used as substitute of
chromic oxide.

Onthe other hand, the total fecal recovering of external
markers makes possible their simultaneous utilization in an
experiment, noticeably when there is demand for individual
measurement of intake in group feeding cattle, because in
this case at least two external markers must be used, as
reported by Valadares Filho et al. (2006). Such techniques
would be applied to group feeding feedlot cattle or to
collectively supplemented grazing cattle.

The internal markers are inherent components of feeds.
Thereby, they can not cause negative influences on animal

and microbial digestive system besides those naturally
presentin feeds (Detmann et al., 2007); in other words, the
constraints associated with indigestible fractions are
inherent to the feeds. Therefore, it would not be reasonable
to expect diet interferences on fecal recovering of internal
markers, such as reported in this work (Tabela 3). However,
the external markers were found to be similarly accurate but
with different precision. The coefficients of variation of
fecal recovering indicated higher precision (or lower
variability) foriNDF compared toiDM and iADF (Figure 1).

Despite of accuracy of iDM, the results can be not
fairly obtained because there are undesirable contaminants
in the incubation residue (Huhtanen et al., 1994). In the
iDM quantification, detergent is not used for cleaning
the residue after ruminal incubation, which restricts the
withdrawal of microbial residues by anionic action (Van
Soest, 1994; Clipesetal., 2006). The presence of residues
adhered to the bags in an in situ procedure for estimating
internal markers contents was reported by Casali et al.
(2009). The microbial contamination seems to be not
constantamong materials (Casali etal., 2008) and possibly
isnot homogeneous among replicates. That pattern could
increase the variability of residues and, as consequence,
decrease the precision of fecal recovering of iDM as
compared to iNDF (Figure 1).

The higher range of confidence intervals and lower
precision of IADF compared to iINDF could be attributed to
lower iADF contents in feeds, orts and feces. The residual
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Figure 1 - Coefficients of variation for fecal recovering according to markers.

mass of iIADF is lower than residual mass of INDF. From this,
assuming that inherent errors of weighting procedure are
constant, they would be relatively higher iniADF weighting
compared to iNDF weighting. So, weighting errors would
become more prominent in iIADF analysis (Detmann et al.,
2007). Therefore, ifINDF and iADF presentsimilar accuracy,
the iADF utilization will demand more careful analytical
procedures to increase the precision of results.

The evaluation of long term bias of estimates of fecal
excretion was done using the whole dataset because there
were no diet effects on fecal recovering of markers (P>0.05).
Inthis context, all markers were found free of long term bias
(P>0.05) (Table 4; Figures 2and 3).

The total bias of a fecal excretion estimate is obtained

by the difference between the estimate based on fecal grab
samples and the true fecal excretion (Langlandsetal., 1963),
described as:
TB = FEgs - TFE (5);
where: TB is the total bias, FEgs is the fecal excretion
estimated by using marker content in grab samples taken
from rectum of animals, and TFE is the true fecal excretion
obtained by total collection of feces.

Rearranging equation (5), the total bias of a fecal

excretion estimate can be expressed through two
components according to equation:
TB = (FEgs — FErs) + (FErs— TFE) =LTB + STB  (6);
where: FErsis the estimate of fecal excretion obtained through
the markers contentinarepresentative sample of feces, LTB
is the long term bias, and STB is the short term bias.

According to equation (6), the short term bias can be
defined as the portion of total bias of fecal excretion (or
marker recovering) estimate that is caused by using non
representative grab samples (Langlandsetal., 1963). Inthis
context, the dimension of short term bias is directly
dependent on the fecal sampling design.

On the other hand, the long term bias (Equation 6)
corresponds to capacity of marker to be excreted in quantity
equal toitsintake (Langlandsetal., 1963). This characteristic
must be assumed as inherent to the marker.

When a marker presents null long term bias, it can be
surely used in ruminant nutrition assays because constraints
regarding total bias (Equation 6) could be avoided by
adjusting the fecal sampling design, which is related with
short term bias (Detmann et al., 2007). However, when a

Table 4 - Regression parameter estimates of relationship of predicted (independent variable) and observed (dependent variable) values

of fecal excretion (kg/d) according to marker

Regression parameters

Marker Intercept Slope P-Valuel r2 Mean LTB2:3
Chromic oxide 0.0914 0.9296 0.1841 0.9432 1.740 -0.040"s
Titanium dioxide -0.0478 1.0494 0.3842 0.9184 1.742 -0.038"
iDM 0.0786 0.9378 0.1305 0.9612 1.798 +0.018"
iNDF 0.0708 0.9373 0.1147 0.9646 1.721 -0.059"
iADF 0.0898 0.9562 0.5748 0.9500 1.760 -0.020Ms
Total collection - - - - 1.780 -

tHg: Bp=0and By =1; H,: no Hy. 2 LTB = long term bias (kg fecal DM/d). 3 (ns) = non-significant (P>0.05).
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Figure 2 - Relationship between fecal excretions of dry matter
(FE) obtained through total collection of feces (actual)
and estimated using chromic oxide (a) and titanium
dioxide (b).

marker presents significant long term bias, its utilization
can compromise the results of a digestion trial (Detmann
etal.,2007) because itwill not present total fecal recovering,
which isacharacteristic demanded for considering marker
as ideal (Ktob & Luckey, 1972; Owens & Hanson, 1992).

In other point of view, the long term bias points out the
influence of marker recovering on fecal excretion estimates.
Such influences can be statistically evaluated by deviations
of least squares straight line of relationship between
observed and estimated values from equality line (Y = X;
Figures 2 and 3) (Detmannetal., 2007).

The least squares straight line was found to be similar
(P<0.05) to equality line (Y = X) for all markers. Therefore,
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Figure 3 - Relationship between fecal excretions of dry matter
(FE) obtained through total collection of feces (actual)
and estimated using iDM (a), iNDF (b) and iADF (c).
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there isno long term bias in any marker and the results of
fecal recovering were corroborated (Tables 2 e 3).

The internal markers presented the higher coefficients
of determination for relationship between observed and
predicted values (Table 4). Under assumption of all markers
present similar accuracy, this pattern seems to indicate
that higher precision is obtained with internal markers.

One of the characteristics of an ideal marker is defined
by its capacity to flow parallel or to be physically similar
or to be closely associated with evaluated feed, feed
constituent or diet (Owens & Hanson, 1992). Once internal
markers are natural compounds of the feeds, it can be
expected that their flow through gastrointestinal tract be
similar to digesta flow. However, differences between
digesta and external markers flows have been related.
Noticeably for chromic oxide, those differences seemto be
caused by incomplete mixing with rumen content (Corbett
etal., 1959), faster flow compared to fibrous compounds
(Van Soest, 1994), and accumulation within specific
segments of gastrointestinal tract (Schneider & Flatt,
1975). Inthisway, the peculiar characteristics of external
markers flow seem to be associated with their lower
precision compared to internal markers (Table 4).

Considering only external markers, it can be observed
higher dispersion and lower precision for fecal excretion
estimates obtained using titanium dioxide compared to
chromic oxide (Figure 2), which is corroborated by estimates
of coefficient of determination (Table 4). That higher
variability could be originated from analytical method of
titanium dioxide analysis. Inthat method, very low quantities
of titanium dioxide must be weighted for colorimetric
standards establishment. As a consequence, the weighting
errors can become more relevant and their probability of
occurrence could be increased.

Conclusions

Despite of diet, the external markers chromic oxide and
titanium dioxide and the internal markers indigestible dry
matter, indigestible neutral detergent fiber and indigestible
acid detergent fiber produce estimates of fecal excretion
that can be assumed free of bias inherent to marker fecal
recovering. However, higher precision of the estimates is
obtained with internal markers.
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