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This study aimed to evaluate the effects of fabric type (F57 vs. non-woven textile

[NWT]) and the number of bags incubated simultaneously in sheep on the

determination of indigestible neutral detergent fiber (iNDF). Six fistulated sheep

with an initial body weight of 46 ± 3 kg were used in the experiment, which

followed a 6 × 6 Latin square design. The study consisted of six periods of 14 days

each, allowing for a total incubation time of 336 hours. Two fabric types were

used to incubate samples: F57 (Ankom, Fairport, NY) and NWT. Three sample

types were analyzed to estimate and compare iNDF content: sorghum silage,

ground corn, and sheep feces. For each sample type, bags of the two fabric types

were incubated in sets of 4, 8, or 12 bags, totaling 12, 24, or 36 bags per animal

per period, respectively. This resulted in a total of 144 bags incubated in situ per

period. At the end of each incubation period, the bags were removed from the

rumen, washed, oven-dried, and analyzed for NDF content. The results showed

no significant differences (P > 0.05) in iNDF estimates between fabric types or

across the different numbers of bags incubated. These findings indicate that both

F57 and NWT fabrics are suitable for estimating iNDF in feed and feces samples

from sheep. Moreover, using up to 36 bags did not compromise the results after

336 hours of incubation. However, further investigation is needed to determine

whether incubating more than 36 bags could affect NDF degradation due to bag

fill effects.
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1 Introduction

Internal markers are natural feed components that are neither

digested nor absorbed in the gastrointestinal tract of animals. In

ruminant nutrition trials, the primary internal markers used are

indigestible neutral detergent fiber (iNDF) and indigestible acid

detergent fiber (iADF), both of which can be quantified through in

situ ruminal incubations. Several factors related to the in situ

method can influence the accuracy and consistency of internal

marker evaluation (Ørskov et al., 1980; Van der Koelen et al.,

1992; Casali et al., 2008, 2009). Technical variables such as bag

porosity and surface area, sample mass, post-incubation washing

procedures, total incubation time, bag size, and the animal’s basal

diet have been shown to significantly affect the results (Lindberg,

1985; Nocek, 1988; Madsen and Hvelplund, 1994; Vanzant et al.,

1998). To address these potential sources of variation, numerous

standardization protocols have been developed over the years,

aiming to enhance consistency and comparability across studies

(Vanzant et al., 1998; Wang et al., 2021).

The use of F57 bags for analyzing indigestible fiber fractions is

well-documented in both in vitro and in situ incubations (Adams

et al., 2020; Coblentz et al., 2019; Defeo et al., 2020; Tassone et al.,

2020; Valente et al., 2015). However, a significant limitation to the

widespread adoption of F57 bags, particularly outside the United

States, is their high cost, which limits their use in routine feed

analysis. As alternatives, researchers have proposed non-woven

textile (NWT) bags made from polypropylene as cost-effective

alternatives for estimating iNDF and iADF (Casali et al., 2009;

Valente et al., 2011a). These NWT bags provide a viable option for

reducing costs while maintaining the accuracy and reliability offiber

analysis. Furthermore, the tensile strength of the F57 material

was unaffected when tested with a dynamometer, whereas NWT

was able to reduce its rupture strength after ruminal incubation

without compromising the detergent extraction step. Besides,

photomicrographs of F57 and NWT were similar, showing

geometrically regular structures that did not obstruct the inflow

of microorganisms or the outflow of degraded material.

Despite these advances, few studies have focused on

standardizing in situ incubation methodologies for estimating

iNDF in sheep. For example, Reis et al. (2017) compared in situ

incubations between cattle and sheep, reporting that iNDF and

iADF measured using NWT bags in cattle reached their asymptote

in fewer hours compared to sheep. Interestingly, both species were

incubated with the same number of bags, highlighting that methods

validated for cattle may not be directly applicable to small

ruminants. This discrepancy is likely due to differences in rumen

volume and digestion dynamics between the two species, which can

influence the digestion rate, and the time required to reach the

indigestible fraction’s asymptote.

Given the absence of a standardized methodology for

determining the optimal number and type of bags for in situ

incubation in sheep, this study aims to evaluate the effects of

fabric type (F57 vs. NWT) and the number of bags incubated

simultaneously on the estimation of iNDF in sorghum silage,

ground corn, and sheep feces.
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2 Material and methods

2.1 Location and ethical standards

The experiment was carried out at the Experimental Farm of

São Gonçalo dos Campos – BA, in the research station of goats and

sheep, belonging to the School of Veterinary Medicine and Animal

Science of the Federal University of Bahia, Brazil (Universidade

Federal da Bahia, Salvador, Bahia, Brasil).

All procedures were performed with authorization and strict

accordance with the Ethics Committee for Animal Handling of the

School of Veterinary Medicine and Animal Science of the Federal

University of Bahia (Protocol number: 02/2019).
2.2 Animals and dietary handling

Six rumen-cannulated, non-castrated Santa Ines sheep, aged 9

to 15 months, with an average initial body weight (BW) of 46 ± 3 kg,

were used. The animals were housed in covered individual pens of

1.0 m² (1.0 × 1.0m) with suspended floor made with wood slats,

equipped with individual drinkers and feeders. Water and feed were

supplied ad libitum. The animals were fed with a basal diet

composed by 800 g/kg DM of sorghum silage as the forage

source. The concentrate comprised 220 g/kg ground corn, 630 g/

kg soybean meal, 100 g/kg corn germ, and 50 g/kg mineral mixture,

on DM basis (Table 1).

Diets were offered daily twice daily (8:30 and 15:30 h), and were

divided equally into two meals, to allow between 10 to 15% of
TABLE 1 Chemical composition of sorghum silage, concentrate and the
mixed diet used to feed the sheep during the in situ incubation periods.

Nutritional
fractions
(g/kg DM)

Sorghum
silage

Concentrate5 Basal
diet6

Dry matter1 321 897 436

Organic matter 942 951 943

Crude protein 96 304 138

Ether extract 31 72 39

apNDF2 494 122 419

Non-fibrous
carbohydrates3

320 453 348

iNDF4 259 24 212

Lignin 53 25 47
fr
1g/kg fresh feed.
2Neutral detergent fiber corrected for ash and protein.
3Non-fibrous carbohydrates = Organic matter - (apNDF – crude protein – Ether extract).
4 Indigestible neutral detergent fiber.
5Concentrate composed by ground corn, soybean meal, corn germ, urea, ammonium sulfate
and mineral mixture, on DM basis. The warranty levels of mineral mixture were: 175 g/kg of
sodium, 140 g/kg of calcium, 60 g/kg of phosphorus, 13 g/kg of sulfur, 3 g/kg of zinc, 1.5 g/kg
of iron, 2 g/kg of manganese, 0.05 g/kg of molybdenum, 0.06 g/kg of iodine, 0.02 g/kg of
cobalt, and 0.01 g/kg of selenium.
6Basal diet composed by 800 g sorghum silage and 200 g Concentrate per kg of dietary DM.
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refusals. Daily, before offering the morning diet, the refusals were

collected and weighed to proceed the feed adjustment.
2.3 Preparation of bags and samples

Bags from two types of fabric were used for the rumen

incubations: Ankom F57 (Ankom Technology, Macedon, NY)

and non-woven textile (NWT). The F57 bags were purchased

directly from the manufacturer and the NWT (100 g/m2) fabric

was cut a (5 × 5 cm dimension. Both bags are made of synthetic

fiber, which are stable in both acid and neutral mediums, with

irregular geometrical fiber disposition (Casali et al., 2009).

Before receiving the samples, the NWT and F57 bags were

prepared according to the Brazilian National Institute of Science

and Technology in Animal Science (Detmann et al., 2021). Bags

were washed in neutral detergent solution at 100°C for 15 minutes,

then rinsed in hot water, due to the presence of small particles

adhered to the original fabric (method number F-002/2). Later, to

remove any residue, all bags were immersed in acetone and finally

in distilled water. After washing, the bags were dried in an air-

circulation oven at 55°C for 24 hours. Then, all the bags, F57 and

NWT, were oven-dried at 105°C for 2 hours (method number G-

003/1). After obtaining the bag’s weight, the samples were added to

suit the proportion of 20 mg of sample/cm2 of surface (Nocek,

1988), resulting in approximately 500 mg of total sample. All the

bags were thermally sealed after weighing and forwarded to

the incubation.

The testing samples were 2 types of feeds (sorghum silage and

ground corn grain) and 1 sample of feces from sheep fed with 50:50

forage concentrate ratio (Table 2). The sorghum silage and feces

samples were dried in an air-circulation oven (55°C for 72 hours),

and ground in a Wiley mill (Willey TE-650/1, Tecnal, São Paulo,

Brazil). Samples were ground with a 2-mmmesh sieve for the in situ
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incubation (Valente et al., 2015; Reis et al., 2017) and with 1-mm to

proceed laboratory analysis.
2.4 Experimental design and
incubation procedure

The experimental period lasted 94 days, with 10 days being

designated to adaptation to diet, daily handling and facilities, and

the remaining 84 days being used to perform the 6 experimental

periods, which lasted 14 days each. For the incubation procedure, a

6 × 6 Latin square design was used (Figure 1). In each of the six

periods, a round of incubation was performed on the animals, using

336 hours (14 days) as time limit to estimate the iNDF of the

samples (Reis et al., 2017).

Bags from each fabric type were incubated in a total number of

4; 8 and 12 units per sample (Sorghum silage, ground corn and

feces), totaling 12; 24 and 36 bags, per animal per period,

respectively (Figure 1) for each fabric. Thus, six treatments were

evaluated in each period of experimental design: 1) 12 units of

NWT bags, 2) 24 units of NWT bags, 3) 36 units of NWT bags, 4)

12 units of F57 bags, 5) 24 units of F57 bags, 6) 36 units of F57 bags.

These treatments were evaluated in six sheep using a Latin square

design, in which each incubation procedure was repeated 6 times

(periods). Thus, a total of 144 bags were in situ incubated per

period. At the end of the experiment, a total of 864 bags were

evaluated, with 144 bags x 6 periods.

Bags were tied together with a metallic chain equipped with a

solid metallic weight with approximately 500g at its end, thus

allowing the total immersion of the bags with samples in the

ruminal content. The incubation time used to estimate the iNDF

of the samples was 336 hours (Reis et al., 2017). After removing, all

bags were washed in running water, until the water was completely

cleared. After cleaning, bags were placed in the air-circulation oven

with 55°C, where they were kept for 72 hours. Then, the bags were

packed in plastic boxes, for further fiber analysis.
2.5 Chemical analysis

The feed and fecal samples were analyzed according to the

protocols described by the Brazilian National Institute of Science

and Technology in Animal Science (INCT-CA; Detmann et al.,

2021). The following method numbers were used: DM (method G-

003/1), ash (method M-001/2), ether extract (EE) (method G-005/2),

neutral detergent fiber (NDF) (method F-002/2), acid detergent fiber

(ADF) (method F-004/2), and lignin (method F-005/2). The total N

content in samples of supplied ingredients, refusals, and feces were

measured by the Kjeldahl method, and crude protein (CP) was

calculated as N × 6.25 (INCT-CA; method N-001/2, Detmann

et al., 2021). The neutral detergent fiber corrected for ash and

protein (apNDF) was obtained after correction of the residues for

the ash content (Mertens, 2002) and residual N (Licitra et al., 1996).

The content of non-fibrous carbohydrates (NFC) was calculated

according to Hall (2000): NFC =100 - (apNDF - CP - EE - ash).
TABLE 2 Chemical composition of the testing samples added in bags of
different fabric types to estimate indigestible neutral detergent fiber
(iNDF) by in situ incubation procedure in the rumen of sheep.

Nutritional fractions
(g/kg DM)

Sorghum
silage

Ground
corn

Sheep
feces

Dry matter1 280 896 308

Organic matter 939 984 883

Crude Protein 107 84 192

Ether Extract 31 34 18

apNDF2 480 63 545

Non-fibrous carbohydrates3 321 803 128

Neutral detergent fiber 526 117 617

Acid detergent fiber 274 59 311

Lignin 54 19 74
1g/kg of fresh feed.
2Neutral detergent fiber corrected for ash and protein.
3Non-fibrous carbohydrates = Organic matter - (apNDF – crude protein – Ether extract).
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The bags with residual sample after the incubation procedure

were analyzed for NDF to quantify the iNDF, without the use of

thermostable a-amylase and without the addition of sodium sulfite.

After the washing and drying procedure, the bags were directed to

the fiber analyzer (Ankom, 200 Fiber Analyzer, Ankom

Technology), where they were boiled in neutral detergent solution

at 100°C during 1h. Subsequently, the bags were dried in the air-

circulation oven (55°C for 72 h), and then oven-dried at 105°C for 1

h. Afterward, they were stored in a desiccator in a proportion of (20

bags/desiccator) and weighed. The quantification of the indigestible

fraction (iNDF) of each was measured gravimetrically.
2.6 Statistical analysis

The experimental design was 6 × 6 Latin square design, and

statistical procedures were carried out using the SAS software

(version 9.4). The data obtained were analyzed by the PROC

MIXED (Statistical Analysis System - SAS Institute Inc., Cary,

NC, USA) using the following statistical model:

Yijkl = m + Ni + Fj + (NF)ij + ak + pl + eijkl

Where: m = overall mean; Ni = fixed effect of the number of bags

i; Tj = fixed effect of fabric type j; (NF)ij = fixed effect of the

interaction between number and type of fabric, ak = random effect

of animal k; pl = random effect of experimental period l; eijkl =
Frontiers in Animal Science 04
random error between experimental units. The effects of the

treatments were compared through analysis of variance adopting

a significance level of 5%.
3 Results

Fabric types did not promote different estimates (P>0.05) on the

iNDF content, regardless of the sample evaluated (Table 3). The

iNDF in sorghum silage, ground corn and sheep feces (P>0.05) were

similar when incubated in F57 or NWT bags, as well as for the

number of 12, 24 or 36 bags placed inside rumen (P>0.05). In

addition, the present study showed that the estimates of weighted

standard-deviations for sorghum silage and ground corn obtained

from 36 F57 bags incubated simultaneously were the smallest

(Figure 2). Feces from sheep presented the smallest weighed

standard deviation when 24 bags were also incubated in F57 bags

(Figure 2). The weighed standard-deviations for ground corn were

superior from the other ingredients in all treatments evaluated.
4 Discussion

In the current study, it was observed that both F57 and

NWT bags could be incubated in the rumen of sheep to

estimate the iNDF of feed and fecal samples. This result agreed
FIGURE 1

Schematic representation of the incubation procedure of three samples (sorghum silage, ground corn feces sheep) evaluated into six treatments (T)
to estimate indigestible neutral detergent fiber (iNDF) in a Latin Square. Two types of fabric, Ankon F57 and non-woven textile (NWT), and three
different number of bags were used for the rumen in situ incubations, as follow: T1 = 12 NWT bags (4 for Sorghum silage, for 4 ground corn and 4
for feces); T2 = 24 NWT bags (8 for Sorghum silage, for 8 ground corn and 8 for feces); T3 = 36 NWT bags (12 for Sorghum silage, for 12 ground
corn and 12 for feces); T4 = 12 F57 bags (4 for Sorghum silage, for 4 ground corn and 4 for feces); T5 = 24 F57 bags (8 for Sorghum silage, for 8
ground corn and 8 for feces); T6 = 36 F57 bags (12 for Sorghum silage, for 12 ground corn and 12 for feces), totaling 144 bags per period and 864
bags in the complete experiment.
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with Valente et al. (2011a), who also reported that F57 can be

replaced by NWT for the in situ procedures to estimate iNDF.

According to these authors this result was based on the premise that

these fabrics present similar physical structure and both F57 and

NWT are produced by deposi t ion of synthet ic fiber

without weaving.

Casali et al. (2009) evaluated these fabric types in cattle

incubation and observed similar results for corn silage samples and

other ingredients used in concentrates as wheat meal and soybean

hulls. Pore size and texture of the fabric used to make the bags for in
Frontiers in Animal Science 05
situ incubations can influence the turnover of the material inside the

bags and their interaction with the rumen content (Kitessa et al.,

1999; Valente et al., 2015). For Valente et al. (2011b) the structural

surfaces of NWT and F57 are similar. These two types of fabrics

present an irregular disposition of their textile fibers, resulting in

similar porosities. Thus, Valente et al. (2011a) states that these types

of fabrics promote similar input of microorganisms without particles

loss and increasing degradation extension. However, the authors

suggested that further studies are needed to accurately quantify the

surface area available for microbial passage.
TABLE 3 Estimates of the indigestible neutral detergent fiber (iNDF) obtained from in situ incubation procedure in the rumen of sheep with different
number of bags and fabric types.

Sample
Fabric type Number of bags

SEM2
P-Value3

F57 NWT1 12 24 36 F N F × N

iNDF4 (g/kg DM)

Sorghum silage 26.89 26.54 26.27 26.80 27.08 1.48 0.68 0.74 0.16

Ground corn 2.45 2.47 2.10 2.56 2.72 0.24 0.97 0.27 0.48

Sheep feces 41.52 41.37 41.01 42.55 40.78 1.31 0.91 0.51 0.57
fro
1NWT, non-woven textile.
2SEM, standard-error of the mean.
3F × N, interaction between the factors: fabric type (F) and number of bags (N).
4iNDF, indigestible neutral detergent fiber (g/kg of dry matter).
FIGURE 2

Weighed standard-deviation of indigestible neutral detergent fiber (iNDF) obtained from in situ incubation procedure in the rumen of sheep with
different number of bags and fabric types.
ntiersin.org

https://doi.org/10.3389/fanim.2025.1547776
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org


dos Santos et al. 10.3389/fanim.2025.1547776
In general, NWT and F57 tissues showed similar behavior for

the average iNDF for all samples. However, the weighted standard-

deviation values were reduced when 36 bags were incubated

simultaneously with F57 fabric. This treatment could be used

when more accuracy is required in some situations. The weighed

standard-deviation values were higher for ground corn when

compared to the other samples. This can be explained by the

reduced content of iNDF that remained inside the bag after 336

hours. Possibly, this reduced content limited the representation of

the iNDF content and increasing the variation in the estimates.

Besides, due to the similarity of the results obtained when

comparing NWT and F57, we can infer that in situ incubation in

sheep can be conducted with both fabric types and up to 36 bags.

More studies are needed to evaluate the effect of a number bigger

than 36 in sheep.

The total number of 36 bags incubated simultaneously in the

rumen of sheep had no effect on the estimation of iNDF, regardless

of the fabric type of bag. Chen et al. (2011) reported that there are

few studies comparing the density of bags simultaneously incubated

in the rumen. Valente et al. (2011a) reported that in long periods of

in situ incubation, bags can lose resistance, leading to sample losses

and errors in the iNDF estimates. Reis et al. (2017) stated that

variations between results may be related to differences inherent in

the particle size of the feed and the bags used in the incubation

procedure. It would be expected that the increase in the number of

bags incubated simultaneously in the rumen would influence the

estimates of iNDF of the samples, however this phenomenon was

not showed up to 36 bags after 336h.

In theory, it was expected that animals that underwent in situ

incubations with the highest number of bags would generate

overestimated estimates for iNDF. This effect would be related to

the higher volume of bags, which in theory could impair the influx

of fluids into the bags and, therefore, impairing the degradation of

the samples by microorganisms. However, in this study, the

similarity of the iNDF estimates regarding the number of bags

incubated simultaneously in sheep may be associated with the

length of time the bags remained incubated, which was probably

enough to promote the target effective degradation.
5 Conclusion

The NWT and F57 bags were similar in the estimation iNDF

from in situ rumen incubation procedure in sheep. The NWT bag

can be an option to reduce costs, without compromising the iNDF

estimates. The total number of 36 bags containing feeds or feces

samples could be incubated simultaneously in the rumen of sheep

without negative impact on estimating iNDF, regardless of the

fabric type. If more accurate data is necessary, feces can be

incubated up to 24 bags, but the incubation of 36 bags did not

compromise the iNDF estimate. Further evaluations are

recommended regarding a bigger number of incubated bags, as

there are few studies evaluating in situ incubation procedures in

sheep, especially concerning the iNDF estimation.
Frontiers in Animal Science 06
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