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Introduction

Diet digestibility is one of the main ways used to express
the nutrient content and available energy of ruminant feed.
This is because the methodologies available for estimating
digestibility are generally less complex and low cost when
compared to other forms of obtaining the available energy
of feed.
However, for estimating the digestibility in vivo it is nec-

essary to obtain the amount of feces excreted daily by the
animal. The standard procedure for obtaining the amount of
excreted feces is their total collection, which is quite labo-
rious. A less laborious alternative is the use of internal or
external markers. Among these internal markers, the most
used are indigestible neutral detergent ber (NDFi) and
indigestible acid detergent ber (ADFi) (Detmann et al.,
2004 and Watanabe et al., 2010).
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Abstract
The objective of this study was to compare the indirect methods of obtaining digestibility with the direct method of total
fecal collection to estimate the apparent digestibility of nutrients in sheep and goats supplemented with non-protein nitro-
gen. Five goats and ve sheep with no dened racial pattern were used, distributed in two 5×5 Latin squares, with split
plots, considering the diets as plots and the apparent digestibility determination methodologies as subplots. The diets were
composed o buelgrass hay and the addition, via ruminal inusion, o increasing amounts o nitrogen supplementation in
order to gradually raise the CP level o the basal diet in intervals o 2% points, that is, +2, +4, +6 and +8%. Samples
o the eeds oered, and the letovers were collected daily during the ve days o collection to determine the nutrient
intake, as well as the total collection of feces to determine the apparent digestibility of the nutrients. The amount of fecal
dry matter excreted was estimated by the concentration o Indigestible Acid Detergent Fiber (ADFi), Indigestible Neutral
Detergent Fiber (NDFi), Indigestible Dry Matter at 244 h (DMi 244 h) and Indigestible Dry Matter at 264 h (DMi 264 h).
Among the evaluated markers, DMi 264 h had the lowest accuracy in estimating ecal excretion and nutrient digestibility.
For the goat species, the markers ADFi and DMi 244 h proved to be able to adequately predict ecal excretion and digest-
ibility indices, while NDFi stood out or both species. Among the evaluated markers, NDFi is the one that most accurately
estimates the nutrient digestibility of the diet for goats and sheep.
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Markers must be indigestible or have constant digestibil-
ity. However, it is not yet known whether factors such as
diet composition and animal can inuence their concentra-
tion in eces (Lee & Hristov, 2013; Krizsan & Huhtanen,
2013). Thus, diets with dierent protein levels may inu-
ence the estimates of these markers.
Although NDFi and ADFi are widely used in the esti-

mation of digestibility of ruminant diets, there are few
studies with recommendations o these methods (Krizsan
& Huhtanen, 2013), as well as or indigestible dry matter
(DMi).
In experiments with sheep and goats, it has been veri-

ed that even with diets composed o medium- and high-
digestibility feeds, such as those with high proportion of
concentrate or superior-quality roughage, NDFi and ADFi
tend to overestimate fecal production and consequently
underestimate the apparent digestibility o the diets. For
dairy cows, it was ound that the NDFi underestimated the
digestibility of protein-poor diets when used as a marker
(Lee & Hristov, 2013). When evaluating silages rom dier-
ent sorghum cultivars or sheep, Gois et al. (2017) observed
that NDFi underestimated the dry matter digestibility o the
diets (55%), considering the high perormance o the ani-
mals, which obtained weight gain of 200 g/day, predicted
during feed formulation.
These imprecisions and uncertainties regarding the accu-

racy of the methods, especially for small ruminants, make
this study important. Another factor to be considered is that
there are no studies with comparison of digestibility deter-
mination methods using buelgrass (Cenchrus ciliaris), a

forage widely used in arid and semi-arid regions around the
world, as well as no reports on how crude protein levels of
the diet can interfere with the results obtained for goat and
sheep species.
Thus, the objective was to compare the indirect methods

or obtaining digestibility, using the markers NDFi, DMi
incubated or 244 h, ADFi and DMi incubated or 264 h
with the direct method of total feces collection to estimate
the apparent digestibility of nutrients in sheep and goats
supplemented with dierent protein contents.

Materials and methods

The experiment was conducted in the Goat Farming Sec-
tor, at the Center or Agricultural Sciences o the Federal
University o Paraíba (UFPB), located in Areia, Paraíba,
Brazil, and complied with the technical standards o bio-
saety and ethics, approved by the Ethics Commission on
the Use oAnimals (CEUA), Biotechnology Center (CBio-
tec) o the Federal University o Paraíba (UFPB) (protocol:
0209/2014).
Two simultaneous experiments were conducted, follow-

ing the same methodological procedures, to evaluate the
inclusion o dierent levels o non-protein nitrogen in the
diet o the animals and the digestibility in vivo. For this pur-
pose, ve non-castrated sheep and ve non-castrated goats,
with no dened racial pattern (NDRP), weighing on average
45±2.3 kg, were distributed in two 5×5 Latin squares, with
split plots, considering the diets as plots and the apparent
digestibility determination methodologies as subplots. Thus,
there was rotation of the diets among the animals in each
evaluation period and the estimation methods were applied
as subplots in all evaluated animals and in all periods. All
animals were stulated in the rumen and kept in an intensive
system. Each animal was housed in an individual Tie Stall-
type metabolic cage, equipped with feeder and drinker.
The animals were supplemented with ve protein levels

in a diet based on deerred buelgrass, with low protein
value (Table 1).
The control treatment consisted of exclusive supply of

hay and the others consisted of the addition, via ruminal
infusion, of increasing amounts of nitrogen supplement in
order to gradually increase the level o crude protein (CP)
of the basal diet by percentage points, that is, +1.94, +3.89,
+5.83 and +7.77%.
Thus, the animals consumed ve CP levels in the basal

diet based on dry matter (5.5, 7.44, 9.39, 11.33 and 13.27%
CP). The supplement was composed o a mixture containing
livestock urea, ammonium sulfate and casein in the propor-
tions o 75:8.33:16.67, respectively (Table 1).

Table 1 Chemical composition o orage and supplement components
based on dry matter
Item Buelgrass Urea Casein Ammonium

Sulfate
(g/kg o DM)

Dry matter1 840.90 995.40 900.00 977.30
Organic matter 921.40 995.40 972.40 977.30
Mineral matter 78.60 4.60 27.60 22.70
Crude protein 55.00 2637.70 889.70 1426.00
Ether extract 11.10 0.00 3.20 0.00
NDFcp2 698.40 0.00 0.00 0.00
Non-brous
carbohydrates

156.90 0.00 0.00 0.00

ADFcp3 312.20 0.00 0.00 0.00
Lignin 41.30 0.00 0.00 0.00
Cellulose 270.90 0.00 0.00 0.00
Hemicellulose 386.20 0.00 0.00 0.00
NDIP4 1.20 0.00 0.00 0.00
ADIP5 0.70 0.00 0.00 0.00
1Based on natural matter; 2Neutral detergent ber corrected or ash
and protein; 3Acid detergent ber corrected or ash and protein;
4Neutral detergent insoluble protein; 5Acid detergent insoluble pro-
tein
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The experiment consisted o ve periods, each lasting
20 days, with the rst teen days or adaptation to the
diets and the others for data collection, totaling 100 days of
experimental period. The animals were kept conned and
ed twice a day (7:30 h and 15:30 h) in equal proportion, and
the feed was provided individually.
The diets were provided ad libitum, to generate at least

10% letovers, with daily adjustments to ensure the correct
level o eed supply. In the rst two days o each adaptation
period, one third of the supplement’s full dose was infused.
On the third and fourth days, two-thirds of the supplement
was inused and, on the th, sixth and seventh days o
the adaptation period, the full dose of the supplement was
provided.
The amounts o hay (oered) and supplement (inused)

daily were calculated considering the consumption of
roughage from the previous day.
Samples o the eed oered and letovers were collected

daily along the ve days o collection. These samples were
then used to form composite samples for each experimen-
tal period, and their composition was determined according
to the Association o Ocial Analytical Chemists - AOAC
(1997), or dry matter (DM) (method 934.01), crude protein
(CP) (method 954.01), ether extract (EE) (method 920.39),
mineral matter (MM) (method 942.05) and lignin (method
973.18). The methodology o Van Soest et al. (1991) was
used to determine neutral detergent ber (NDF) and acid
detergent ber (ADF) using the ber analyzer romANKOM
(ANKOM200 Fibre Analyzer – ANKOM Technology Cor-
poration, Fairport, NY, USA). NDF and ADF contents were
corrected for ash and protein, with incineration of their resi-
dues in a mufe urnace at 600 ºC or 4 h; the correction or
protein was performed based on neutral detergent insoluble
protein (NDIP) and acid detergent insoluble protein (ADIP).
The concentration o non-brous carbohydrates (NFC)

was estimated rom the equation: NFC=100 – (%CP +
%EE + %ASH + %NDF), according to Van Soest et al.
(1991).
Digestibility was determined according to the equation

described by Berchielli et al. (2006), and the digestibility
coecient (DC), in g/kg, was calculated by:

DC = (Ingested nutrient - Excreted nutrient)/Ingested nutrient × 100

The energy value o the diets was quantied using the appar-
ent digestibility data obtained in the experiment, applying
the equation proposed by Weiss (1999):

TDN (%) = NFCd + CPd + (EEd*2.25) + NDFd

Where “d” represents digestibility, TDN (g/kg)=Total
digestible nutrients, CPd=Digestible crude protein;

EEd=Digestible ether extract; NFCd=Digestible non-
brous carbohydrates; NDFd=Digestible neutral detergent
ber.
In the last ve days o each experimental period, total

collection o eces was also perormed. Feces were col-
lected by attaching a feces collection bag to each animal.
The collection, weighing and sampling o eces (10% o the
total excreted ater homogenization) was perormed twice a
day, at 7:00 h and 17:00 h.
The eces were analyzed or DM, OM, NDF, CP, EE and

MM according to the previously described methodologies
for feed and leftovers and used to estimate the apparent
digestibility of nutrients in the diets.
On the 15th day at 6:00 h, 16th day at 9:00 h, 17th day at

12:00 h, 18th day at 15:00 h and 19th day at 18:00 h, eces
were also collected rom the nal part o the rectum o each
animal.
The amount of fecal dry matter excreted was estimated by

the concentration o indigestible acid detergent ber (ADFi),
indigestible neutral detergent ber (NDFi), indigestible dry
matter at 244 h (DMi 244 h), indigestible dry matter at 264 h
(DMi 264 h) obtained ater in situ incubation o eed, let-
overs and eces or periods o 244 and 264 h. Estimates o
the amount of fecal dry matter excreted, obtained with the
markers NDFi, ADFi, DMi 244 h and DMi 264 h, were also
used to also determine the apparent digestibility of the diets.
For this, one bovine animal stulated in the rumen

(weighing on average 760 kg), receiving a diet ad libitum
consisting o 70% roughage (elephant grass) and 30% con-
centrate supplement (based on soybean meal, wheat bran
and corn), was used as recommended by Huntington and
Givens (1995). The eed was provided twice a day, at 7:00 h
and at 15:00 h, with ad libitum water supply.
After removal of the bags incubated in the rumen, they

were washed with running water until the rinse water was
completely clear and immediately transferred to a forced
ventilation oven (55 ºC), where they were kept or 48 h.
Subsequently, they were dried in a non-ventilated oven (105
ºC or 45 min), placed in desiccator (20 bags/desiccator) and
weighed according to Detmann et al. (2001) to obtain undi-
gested DM.
Undigested NDF and ADF were determined using the

methodology proposed by Souza et al. (1999), with inser-
tion o NDF and ADF solutions in test tubes in the digestor
block. DMi content was obtained by the dierence between
the dry weight of the material before incubation and the
dry weight o the residue ater in situ incubation. NDFi and
ADFi were determined by the dierence between the dry
weight of the material before incubation of the residue and
ater incubation and analysis oNDF andADF, respectively.
The eect o digestibility methods was assessed by

orthogonal contrasts to compare the indirect methods of
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determination of apparent digestibility of nutrients in vivo
(ADFi, NDFi and DMi) and in situ with the direct method
o determination o apparent digestibility (total collection
o eces) o nutrients in the dierent diets. When there was
interaction, the comparison between the methods was per-
formed for each crude protein level.
The procedures for comparison between the methods by

total collection of feces and each marker were performed
independently o the xed eects o treatment and Latin
square, by tting a simple linear regression model o the
predicted and observed values, testing the estimates of the
regression parameters. Statistical analyses were carried out
through the PROC REG procedure o the program SAS
(2011), using Dunnett’s test, adopting a signicance level
o α=0.05.

Results

There was no statistical dierence between the total collec-
tion o eces (true) and the estimate o ecal excretion by the
NDFi, regardless o the CP level used, or the two species
studied (p=0.08 or sheep; p=0.94 or goats) (Table 2). For
the sheep species, ecal excretion estimated by ADFi and
DMi 244 h was overestimated at the CP level o 13.27%
(p=0.035 or ADFi; p=0.05 or DMi 244 h) when com-
pared with true ecal excretion. For both species, ecal excre-
tion estimated by DMi 264 h diered rom ecal excretion
via total collection at all CP levels evaluated (p=0.0001).
The markers ADFi (p=0.09) and DMi 244 h (p=0.344)
adequately estimated fecal excretion in goats.
For dry matter digestibility (DMD) in sheep, none o the

null hypotheses were rejected (p=0.403) or the internal
marker NDFi (Table 3). On the other hand, the DMi 264 h
did not adequately estimate DMD at any o the CP levels
evaluated (p=0.0001), while at the CP level o 13.27%
the markers ADFi (p=0.0004) and DMi 244 h (p=0.002)
did not correctly estimate DMD. For goats, the DMD was
adequately estimated by the markers NDFi (p=0.59), ADFi
(p=0.106) and DMi 244 h (p=0.06), while DMi 264 h di-
ered rom the total collection at all CP levels (p=0.0013).
The crude protein digestibility (CPD) estimated by the

NDFi was similar to that obtained by the total collection,
regardless o the CP level adopted in goats (p=0.99) or
sheep (p=0.736) (Table 4). For the ADFi and DMi 244 h
markers, the results were also similar to that o true CPD
in goats (p=0.907 or ADFi; p=0.948 or DMi 244 h), but
with CPD results or goats underestimated by these mark-
ers at the CP level o 13.27% (p=0.008 orADFi; p=0.020
or DMi 244 h). The estimate using 264 h DMi or goats
was similar to the true CPD (p=0.09), while or sheep,
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were used in the diet, which were underestimated when
compared to the true NDFD (Table 5). Regarding goats,
DMi 264 h overestimated (p=0.001) the NDFD and did not
dier rom the total collection (p=0.82) only with the diet
containing 5.5% o CP.
The estimate o total digestible nutrients (TDN) obtained

by the NDFi marker was similar to the TDN obtained by
the total eces collection method, at all CP levels and in
both species (p=0.348 or sheep; p=0.999 or goats)
(Table 6), and or the markers ADFi (p=0.802) and DMi
244 h (p=0.760) in goats. At the CP level o 13.27% or
sheep, dierences were observed in the estimates o TDN
via ADFi (p=0.0002) and DMi 244 h (p=0.001), when

regardless o CP level, CPD was underestimated when
compared to the true value (p=0.0001).
There was no signicant dierence (p>0.05) between

the true neutral detergent ber digestibility (NDFD) and
NDFi at all CP levels, regardless o species (p=0.581 or
sheep; p=0.99 or goats) (Table 5). The same absence o
eect was observed or the NDFD obtained by the markers
ADFi (p=0.79) and DMi 244 h (p=0.75) in the goat spe-
cies, while or sheep the DMi 244 h marker underestimated
the NDFD at the CP level o 13.27% in the DM (p=0.014).
The NDFD estimated by the DMi 264 h marker diered
rom the true NDFD in sheep, when the CP levels o 5.5%
(p=0.049), 11.33% (p=0.016) and 13.27% (p=0.0002)

Table 3 Estimates o dry matter digestibility (DMD) o diets with dierent crude protein (CP) concentrations in sheep and goats through the
internal markers o buelgrass

Markers1 Contrasts2

Total NDFi ADFi DMi 244 h DMi 264 h SEM Total x NDFi Total x ADFi Total x DMi 244 h Total x DMi 264 h
DMD, g/kg

%
CP

DMS, g/kg Sheep

5.5 743.08 773.25 696.49 677.15 578.75 54.528 ns ns ns *
7.44 737.08 733.73 665.13 782.94 587.39 54.528 ns ns ns *
9.39 754.00 733.30 683.55 783.00 612.25 54.528 ns ns ns *

736.18 781.22 609.74 735.08 540.67 54.528 ns ns ns *
751.19 776.84 529.96 555.01 472.61 54.528 ns * * *
Goats

5.5 744.30 821.60 705.06 842.90 894.28 63.555 ns ns ns *
7.44 742.12 779.02 731.79 803.88 940.72 63.555 ns ns ns *
9.39 769.48 779.00 708.04 802.26 904.72 63.555 ns ns ns *

770.22 748.84 687.34 774.30 890.52 63.555 ns ns ns *
746.04 746.70 744.47 776.90 944.02 63.555 ns ns ns *

1Total = true excretion, obtained by the total collection o eces; NDFi= indigestible neutral detergent ber, ADFi= indigestible acid detergent
ber; DMi 244 h= indigestible dry matter incubated or 244 h; and DMi 264 h= indigestible dry matter incubated or 264 h; SEM= standard
error of the mean. 2Signicant comparisons (P<0.05) by Dunnett’s test

Table 4 Estimates o crude protein digestibility (CPD) o diets with dierent crude protein (CP) concentrations in sheep and goats through the
internal markers o buelgrass
Param-
eters

Markers1 Contrasts2

Total NDFi ADFi DMi 244 h DMi 264 h SEM Total x NDFi Total x ADFi Total x DMi 244 h Total x DMi 264 h
CPD, g/kg
% CP Sheep
5.5 656.78 676.05 600.13 516.17 429.97 91.998 ns ns ns *
7.44 682.32 700.15 602.14 736.93 508.44 91.998 ns ns ns *
9.39 695.09 692.42 608.10 730.59 520.20 91.998 ns ns ns *
11.33 681.21 639.50 534.66 682.26 451.52 91.998 ns ns ns *
13.27 678.37 674.09 388.54 416.89 314.97 91.998 ns * * *

Goats
5.5 669.91 602.86 682.02 641.33 700.20 130.731 ns ns ns ns
7.44 706.77 736.30 710.25 765.40 956.97 130.731 ns ns ns ns
9.39 713.36 740.11 643.85 767.32 878.76 130.731 ns ns ns ns
11.33 592.90 526.49 446.42 574.93 806.52 130.731 ns ns ns ns
13.27 644.96 668.48 679.16 708.65 937.31 130.731 ns ns ns ns
1Total = true excretion, obtained by the total collection o eces; NDFi= indigestible neutral detergent ber, ADFi= indigestible acid detergent
ber; DMi 244 h= indigestible dry matter incubated or 244 h; and DMi 264 h= indigestible dry matter incubated or 264 h; SEM= standard
error of the mean; 2Signicant comparisons (P<0.05) by Dunnett’s test

1 3

Page 5 of 9 126



Tropical Animal Health and Production (2024) 56:126

These problems may be related to the fact that the deter-
mination o DMi has contaminants, as detergents are not
used ater incubation, preventing the purication o cell
wall residues and bacterial decontamination by anionic
action, which may compromise the results (Huhtanen et al.,
1994; Van Soest, 1994; Moreira Filho et al., 2017).
The level of contamination by residues does not seem to

be constant among the materials, with greater variability of
the results and consequently reducing the precision of fecal
recovery via DMi (Casali et al., 2008; Sampaio et al., 2011).
These results corroborate those o Sampaio et al. (2011);
Valente et al. (2011a), so DMi should not be used as an
internal marker in digestibility trials with goats and sheep.

compared to the true TDN, while or the DMi 264 h marker
the estimates diered (p=0.0001) rom the average o true
TDN at all CP levels.

Discussion

The DMi 264 h marker was highly ineective in estimating
ecal excretion or both species (Table 2).As the digestibility
of nutrients is estimated from fecal dry matter production,
the diculty o the DMi 264 h marker in correctly predict-
ing true excretion led to the same result for the digestibility
o CP in sheep (Table 4) and digestibility o DM, NDF and
TDN in both species (Tables 3, 5 and 6).

Table 5 Estimates o neutral detergent ber digestibility (NDFD) o diets with dierent crude protein (CP) concentrations in sheep and goats
through the internal markers o buelgrass
Parameters Markers1 Contrasts2

Total NDFi ADFi DMi 244 h DMi 264 h EP Total x NDFi Total x ADFi Total x DMi 244 h Total x DMi 264 h
NDFD, g/kg
% CP Sheep
5.5 748.81 776.16 704.94 677.40 589.50 63.637 ns ns ns *
7.44 758.25 748.36 690.08 799.60 668.16 63.637 ns ns ns ns
9.39 784.26 756.52 732.38 811.81 689.26 63.637 ns ns ns ns
11.33 750.65 794.02 731.92 750.42 565.08 63.637 ns ns ns *
13.27 747.81 780.38 528.28 559.21 473.70 63.637 ns * * *

Goats
5.5 729.71 693.03 711.94 724.39 781.29 68.254 ns ns ns ns
7.44 754.65 786.92 747.98 810.38 946.45 68.254 ns ns ns *
9.39 769.12 780.49 718.38 803.73 911.92 68.254 ns ns ns *
11.33 774.61 762.34 704.49 786.50 897.56 68.254 ns ns ns *
13.27 758.09 768.82 779.38 796.66 952.20 68.254 ns ns ns *
1Total = true excretion, obtained by the total collection o eces; NDFi= indigestible neutral detergent ber, ADFi= indigestible acid detergent
ber; DMi 244 h= indigestible dry matter incubated or 244 h; and DMi 264 h= indigestible dry matter incubated or 264 h; SEM= standard
error of the mean. 2Signicant comparisons (P<0.05) by Dunnett’s test

Table 6 Estimates o total digestible nutrients (TDN) o diets with dierent crude protein (CP) concentrations in sheep and goats through the
internal markers o buelgrass
Param-
eters

Markers1 Contrasts2

Total NDFi ADFi DMi 244 h DMi 264 h SEM Total x NDFi Total x ADFi Total x DMi 244 h Total x DMi 264 h
TDN, g/kg
% CP Sheep
5.5 748.04 716.53 705.52 691.98 600.49 46.335 ns ns ns *
7.44 721.47 808.68 655.51 762.82 585.45 46.335 ns ns ns *
9.39 713.37 782.76 650.39 737.90 586.93 46.335 ns ns ns *
11.33 692.82 734.56 581.63 692.96 518.83 46.335 ns ns ns *
13.27 696.61 630.33 496.64 519.95 444.59 46.335 ns * * *

Goats
5.5 702.20 664.19 688.22 694.24 746.93 67.969 ns ns ns ns
7.44 711.64 746.59 706.19 768.27 889.30 67.969 ns ns ns *
9.39 767.69 780.63 715.40 802.22 896.92 67.969 ns ns ns *
11.33 757.48 744.94 678.64 768.43 875.43 67.969 ns ns ns *
13.27 760.69 771.26 780.88 799.37 955.23 67.969 ns ns ns *
1Total = true excretion, obtained by the total collection o eces; NDFi= indigestible neutral detergent ber, ADFi= indigestible acid detergent
ber; DMi 244 h= indigestible dry matter incubated or 244 h; and DMi 264 h= indigestible dry matter incubated or 264 h; SEM= standard
error of the mean. 2Signicant comparisons (P<0.05) by Dunnett’s test
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accurately estimate these parameters in sheep and cattle
consuming diets with high concentrate content.
Thereore, NDFi is more accurate than ADFi as a digest-

ibility marker for both species, which results from the fact
that ADFi is ound at lower concentrations in eed, letovers
and feces, and consequently requires more careful analyti-
cal procedures in the laboratory to increase the precision of
the results (Detmann et al., 2007; Sampaio et al., 2011) and
avoid the accumulation of methodological errors in sequen-
tial analyses that are necessary until its measurement (Det-
mann et al., 2001; Figueiredo et al., 2019).
Barros et al. (2009) pointed out that, among the internal

markers, NDFi determines a more accurate estimate o ecal
production, because it has the lowest values for total bias
(reerring to the sum o short-term and long-term bias) and
long-term bias, represented by failures in the recovery of the
marker due to problems in obtaining representative samples
of feces, in situ contamination of samples or errors related
to analytical procedures.
Carvalho et al. (2013), Kozloski et al. (2009) and Det-

mann et al. (2007), in studies with small ruminants, sug-
gested that ADFi is inecient to estimate ecal excretion
in digestibility studies with conned animals. On the other
hand, the adoption o the NDFi marker as eective in esti-
mating fecal excretion has already been widely reported
(Carvalho et al., 2013; Detmann et al., 2007; Sampaio et
al., 2011; Figueiredo et al., 2019), and the results obtained
prove its capacity as an indicator of this variable.
It is known that the markers may vary according to diets,

and a certain marker is suitable or not to a given rough-
age source, because the ber constitution o each type o
roughage is variable, which modies the rate and extent
o degradation (Berchielli et al., 2005). For diets based on
buelgrass with protein supplementation, NDFi proved to
be adequate to estimate digestibility in goats and sheep,
standing out for being a marker closely associated with
dietary ber and because its ecal recovery unction as an
ideal marker (Huhtanen et al., 2010; Reis et al., 2017).
The dierent estimates using NDFi, ADFi and DMi rein-

orce the need or urther studies to identiy possible inu-
ences o CP variation in the diet with other orage sources
for both species, also allowing a methodological standard-
ization that ts a given animal species.

Conclusions

Indigestible neutral detergent ber (NDFi) is the marker that
accurately estimates nutrient digestibility in buelgrass-
based diets with dierent CP contents or goats and sheep.

Author contributions All authors contributed to the study conception
and design. Material, data collection and analysis were perormed by

It is also believed that this contamination was higher in
the incubation o 264 h, when the DMi 244 h diered rom
the true ecal excretion only at the CP level o 13.27%, and
in sheep (Table 2), emphasizing that ruminal incubation
time is an inuential variable on the representativeness o
indigestible feed residues during in situ incubation proce-
dures, with possibility of occurrence of substantial contam-
ination after periods of more than ten days of incubation
(Van Milgen et al., 1992).
The non-degradable fraction is a unique and exclusive

characteristic o eeds/substrates (Ørskov, 2000), but the
occurrence o variations in degradation rates may aect the
time required for this fraction to be adequately estimated
(Valente et al. 2011b), as observed by Reis et al. (2017), who
ound that the determination o NDFi and ADFi required a
shorter period of ruminal incubation to be determined in cat-
tle than in sheep, and the authors attributed these dierences
to the anatomical and physiological dierences between the
rumens of the two species.
As in the present study, the markers were obtained with

in situ incubation in stulated bovine animal, the possi-
ble interference of the species in the determination of the
marker is avoided. However, the ruminal degradation rate
may be aected by the animal diet (Souza et al., 2016) and,
thus, a higher proportion o CP (13.27%) may have inu-
enced the determination of fecal excretion in sheep through
the DMi 244 h marker.
DMi 244 h accurately estimated ecal excretion and

other digestibility indices in the goat species. Carvalho et
al. (2013) reported an eciency o DMi in estimating ecal
excretion, with 240 h o incubation, or both species (sheep
and goat). Casali et al. (2008) also indicated an incubation
period of 240 h as adequate for obtaining accurate estimates
o DMi and NDFi ractions or cattle.
Lee and Hristov (2013), when evaluating internal mark-

ers with high and low CP diets or lactating cows, observed
that fecal production was overestimated and diet digest-
ibility was underestimated with the adoption o NDFi as a
marker; on the other hand, with the CP-rich diet, the produc-
tion of fecal nutrients was underestimated, but with digest-
ibility coecients similar to those o the total collection. By
contrast, in the present study, the NDFi did not dier rom
the total collection regardless o the CP level adopted, while
the markers ADFi and DMi 244 h diered at the CP level o
13.27% or sheep, highlighting an inuence o the diet on
the adoption of these markers.
Although theADFi proved to be a good indicator o ecal

excretion and digestibility for goat species, the same did
not occur with the sheep species, or which the ADFi was
ineective in estimating ecal excretion and digestibility o
CP, NDF and TDN in diets with high CP content (13.27%
CP). Reis et al. (2017) also observed that the ADFi did not
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