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1  | INTRODUC TION

Dietary fibre is necessary to regulate digestion in monogastric animals 
(Grosse Liesner, Taube, Leonhard-Marek, Beineke, & Kamphues, 2009; 
Johnston, Noll, Renteria, & Shurson, 2003). The non-fermentable and 
fermentable constituents of dietary fibre are differentially degraded 

by intestinal bacteria and, therefore, have different modes of action 
(Govers, Gannon, Dunshea, Gibson, & Muir, 1999). The non-fer-
mentable fibre fraction is minimally degraded by the intestinal mi-
crobes and has primarily physical effects. It physically organizes 
digesta passage rate, affects faecal quality and switches fermenta-
tion to the large intestine (Krieg, Martienssen, & Zentek, 2012; Krieg, 
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Abstract
This study was focused on in vitro fermentation and in vitro dry matter (DM) digest-
ibility of different fibre rich ingredients that can be used in diets of pigs and turkeys. 
In vitro DM digestibility was determined by Daisy system via using faecal or excreta 
fluid of swine/turkeys as a source of inoculum. The ingredients used as substrates 
were commercial swine or turkey diet, dried beet pulp, wheat bran, hay, straw and 
two types of lignocelluloses (A and B). Marked differences between the ingredients 
were found and the values were: dried beet pulp (80%), swine/turkey diet (75%), 
wheat bran (60%), hay (40%) and straw (10%–20%). Of special interest are the data 
on the two lignocellulose products, the in vitro DM digestibility of product A was in 
the range of 20% (in turkeys) up to 30% (in pigs), whereas the product B had values 
of <5%. Moreover, the inoculums were incubated with the same substrates for 24h 
using gas measuring technique. Consecutively, commercial swine or turkey diet, dried 
beet pulp, wheat bran and hay produced high amounts of gas and volatile fatty acids. 
Lignocellulose A and straw provided lower and equal amounts of gases and fatty 
acids. However, lignocellulose B showed very little fermentation compared to the 
product A. In conclusions, faecal or excreta can be used as a source of microbial ac-
tivity to determine the in vitro DM digestibility or fermentation of feeds. Comparing 
lignocellulose products with traditional fibre sources, the DM digestibility of lignocel-
lulose A was greater than straw but its fermentation rate seems to be equal to straw. 
Thus, lignocellulose A can be used as a new source of fibre in diets of monogastric 
animals to optimize the gut health and improving the faeces or excreta quality.
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Schüle, & Dohms, 2008). But, the fermentable fibre fraction is digested 
by the microflora in the large intestine, where lactate and the vola-
tile fatty acids (acetate, butyrate and propionate) are produced (Bach 
Knudsen & Jorgensen, 2001). Recently, special dietary fibre products 
derived from lignocellulose are being used more and more in animal 
nutrition due to their positive impacts on digestive processes and gut 
health status with low inclusion rates (Sarandan, Neufeld, & Neufeld, 
2008; Youssef & Kamphues, 2018). Lignocellulose is a product made 
from fresh wood and has been used as a high quality fibre source in 
livestock animal diets. Compared to traditional fibre sources, ligno-
cellulose is characterized by high crude fibre (>55%) and high lignin 
(25%–30%) contents. During the last years, new lignocellulose prod-
ucts have become commercially available. These products contain a 
blend of non-fermentable and fermentable fibre fractions. It had been 
tested in several field studies in weaning pigs, fattening pigs, broilers 
and rabbits at different dietary concentrations showing improvement 
in performance and gut health (Neufeld & Leibetseder, 2008; Zeitz et 
al., 2019). There is an increasing interest in using lignocellulose feeds 
in the diets of monogastric animals, especially with increasing the price 
of commonly used fibre sources. However, a little is known about the 
fermentation rate of these ingredients in swine and poultry.

The in vitro dry matter digestibility (IVDMD) has been used 
widely to assess the nutritive value of the feeds (Marten & Barnes, 
1980). It can be determined by using DaisyII apparatus (ANKOM 
Technology Corp.; Mabjeesh, Cohen, & Arieli, 2000). The DaisyII 
system is more labour efficient than traditional methods in analyses 
of feeds (Holden, 1999). Moreover, the gas production technique 
is a useful method to determine the rate and extent of feed deg-
radation (Cone, Gelder, & Driehuis, 1997; Groot, Cone, Williams, 
Debersaques, & Lantinga, 1996). Gas production can be used as a 
basic indicator of feed fermentation (France et al., 1993). A num-
ber of different in vitro gas production techniques has been devel-
oped (Getachew, Blümmel, Makkar, & Becker, 1998; Stern, Bach, & 
Calsamiglia, 1997). Glass syringes or pressure transducers were used 
for monitoring accumulated gases during fermentation of substrates 
(Cone, Gelder, Visscher, & Oudshoorn, 1996; Menke & Steingass, 
1988; Theodorou, Williams, Dhanoa, McAllan, & France, 1994; 
Varadyova, Baran, & Zelenak, 2005).

Use of fresh faeces from ruminants, rather than rumen fluid, 
has been tested as an alternative inoculum (El-Meadaway, Mir, Mir, 
Zaman, & Yanke, 1998; Nsahlai & Umunna, 1996; Omed, Lovet, & 
Axford, 2000) and its potential in the in vitro gas production tech-
nique has been determined by some researchers (Cone, Gelder, & 
Bachmann, 2002; Harris, Barlet, & Chamberlain, 1995; Mauricio et 
al., 2001). The same findings were reported using faeces of horses 
as an inoculum (Plumhoff, 2004). Moreover, Cappai, Wolf, Rust, 
Pinna, and Kamphues (2013) found that the faeces quality can be 
used as valuable indicators of the gut health and digestive process in 
pigs. However, there is a lack in information about using fresh faecal 
matter of swine and poultry as sources of inocula in gas production 
procedures.

Dietary fibre sources are essential to maintain gut health, wel-
fare and reproductive performance. The present study attempted 

to provide information about the microbial degradability of these 
ingredients in the hind gut. Therefore, this research was conducted 
to investigate the in vitro fermentation patterns of feeds using fresh 
faeces of swine or turkeys, as a source of inoculum, in DaisyII incu-
bator and gas measuring technique. Furthermore, the fermentation 
of new fibre rich ingredients (especially, lignocellulose products) in 
the hindgut of swine and turkeys using faeces/excreta was evaluated 
and compared with traditional fibre sources that can be used in diets 
of these animals.

2  | MATERIAL S AND METHODS

Six swine (about 50 kg BW) and three turkeys (15 kg BW) were used 
in this experiment as faeces or excreta donor. The animals were fed 
commercial diets alone or supplemented with tested fibre ingredi-
ents at a rate of 2.0%. The investigated substrates were commercial 
swine or turkey diet (P6), dried beet pulp, wheat bran, hay, straw and 
lignocellulose A and B. These ingredients were chemically analysed 
and its composition is shown in Table 1. Swine were fed individually; 
each animal was fed one tested diet, while turkeys were fed together 
on the same diet in order to obtain enough amounts of excreta which 
are needed for an inoculum preparation. Moreover, the turkey birds 
were fed on the experimental diets consecutively, one after each 
other. Wheat bran was fed to turkeys instead of hay. The experi-
mental diets were offered to animals for about 5 days (turkeys) to 
10 days (swine) before collection of excreta or faeces, to adapt the 
animals on these diets. Then, the faeces or excreta was collected and 
prepared as an inoculum to be used in the Daisy incubator or in the 
gas measuring technique.

2.1 | IVDMD determination using Daisy system

The complete unit of Daisy II incubator consisted of four incuba-
tion vessels with a capacity of 2,000 ml each. Each vessel contained 
1,600 ml of buffer solution, 400 ml of faecal inoculum, and 20 nylon 
bags.

Samples of the tested ingredients were ground to pass a 0.75-
mm screen. Substrates (0.25 g) were weighed into nylon filter bags 
(Ankom F57, Ankom Technology), three bags for each substrate, 
then heat-sealed. These bags were previously rinsed with acetone, 
air dried and then dried at 100°C for 24 hr, after which their weight 
was recorded. Bags containing the different ingredients/feeds 
were incubated in Daisy vessel with 400 ml of faecal inoculum and 
1,600 ml of buffer solution for 48 hr at 39°C.

The microbial inoculum was prepared by collecting fresh faeces 
(swine) or excreta (turkeys). Faecal samples were put into an air-tight 
freezer bag to maintain an anaerobic environment and transported 
to the laboratory in a cooler containing warm (39°C) water. Once 
in the laboratory, a 50-g sample of faeces was placed in a blender 
with 450 ml of warm distilled water (10:1). Samples were mixed for 
2 min while being gassed with CO2, then strained through a sieve 
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(diameter: 200 μm) into the prewarmed incubation jars (Daisy sys-
tem) or glass beakers (gas production technique).

Buffers consisted of two solutions that were combined in pre-
warmed incubation jars or glass beakers immediately before the 
incubation. Buffer solution A (KH2PO4, 10.0  g/L; MgSO4·7 H2O, 
0.5 g/L; NaCl, 0.5 g/L; CaCl2·2 H2O, 0.1 g/L; and urea, 0.5 g/L) was 
added at 1,330–266 ml of buffer solution B (Na2CO3, 15.0 g/L and 
Na2S·7 H2O, 1.0 g/L) to obtain a final pH of 6.8.

The faecal inoculum was then added to each fermentation jar, 
after which the jars were purged with CO2 for 30 s and then sealed. 
The sealed jars were placed into the prewarmed Daisy II incubator. 
The incubator maintained a constant temperature of 39°C through-
out the incubation, and the jars were continuously agitated. The 
jars were removed after 48 hr, and the filter bags were immediately 
rinsed for 30  min with cold water to stop microbial activity, then 
dried at 100°C and the weight was recorded. Then, the IVDMD of 
the samples was calculated.

2.2 | Gas production and fermentation 
determination

To measure the generated gas amount and gas pressure during incu-
bation of the test feed, glass bottles (120 ml capacity) were prepared. 
Four bottles were used for each substrate; in each bottle exactly 1 g 
of the tested feed was weighed. Further four glass bottles per ani-
mal were used without feed as control. All bottles were sealed with 
aluminum foil and stored at room temperature.

Before incubation, 100  ml of produced faecal suspension was 
mixed in a warmed glass beaker with 400 ml of warmed buffer (ratio 
of suspension to buffer [mixture of buffers A and B] is 1:5). After fill-
ing the prepared glass bottles with 100 ml of the diluted suspension 
(ratio of feed to faecal suspension is 1:101) and a magnetic stirrer, the 
bottles were sealed with rubber stoppers and lids so that a piercing 

of the rubber stopper with cannulas for measurement remained pos-
sible. The incubation was carried out on a magnetic stir plate in 39°C 
warm water bath at about 400 rotations per minute for 24 hr.

In this experiment, both gas pressure and gas volume produced 
during the incubation of the corresponding experimental feed in 
glass bottles were determined. These measurements were taken 
after 24-hr incubation. For this purpose, the gas pressure was mea-
sured in the glass bottle by means of a pressure metre (Tracker 200 
Series, DATA TRACK PROCESS INSTRUMENTS), which stated the 
prevailing pressure in the glass bottle in mV. This measuring device 
was connected via a three-way valve with a cannula. After reading 
the displayed ‘zero value’ (= atmospheric pressure), this cannula was 
inserted through the rubber stopper into the bottle. This three-way 
valve is only the connection between the pressure metre and the 
glass bottle, so that the prevailing pressure in the bottle could be 
read in voltage. From this voltage displayed the ‘zero’ value was sub-
tracted. For subsequent measurement of the gas volume in the bot-
tle, 5, 10, or 50 ml plastic disposable syringe was connected to the 
valve. After turning the three-way valve, the gas volume in the bottle 
was aspirated by syringe at once until the initially measured prevail-
ing pressure outside the bottle ‘zero value’ on the display appeared. 
Then, the amount of gas in the syringe was read off and recorded.

After measuring the amount of gas produced in each bottle, 
the pH of the fermented substrate was monitored using pH metre. 
Furthermore, the concentrations of volatile fatty acids (VFAs) and 
L-lactate produced in each glass bottle were also determined by 
using gas chromatography and photometer, respectively.

2.3 | Statistical analyses

The statistical analyses were performed using SAS statistical pro-
gram (SAS Institute, 2002). The data were evaluated using the 
General Linear Models procedure for analysis of variance. The 

TA B L E  1   Chemical composition of ingredients (g/kg) on fresh matter basis

  Swine diet Turkey diet (P6) Lignocellulose A Lignocellulose B Beet pulp Hay Straw Wheat bran

DM 898 876 910 917 907 930 890 885

Ash 51.6 52.1 37.9 34.7 60.9 42.1 31.9 56.0

Crude protein 175 156 32.0 7.95 90.9 90.9 26.6 132

Crude fat 44.2 72.5 13.1 2.65 8.46 14.5 21.1 35.1

Crude fibre 38.2 21.4 560 612 130 307 389 132

NfE 589 574 267 260 617 475 422 530

ADF 70 52 698 715 167 367 420 138

NDF 185 143 872 855 297 648 668 432

Ca 9.80 6.91 4.48 1.16 8.04 3.84 1.80 1.20

P 5.70 4.55 0.45 0.66 0.79 2.49 0.42 11.1

Mg 2.10 1.20 0.92 0.08 1.31 1.61 0.54 3.50

Na 2.50 1.21 0.08 0.09 2.99 1.24 0.70 0.50

K 8.30 4.80 3.44 0.08 13.9 13.4 0.20 8.50

Abbreviation: ADF: acid detergent fiber; DM, dry matter; NfE, nitrogen free extract; NDF, neutral detergent fiber.
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results were subjected to one-way ANOVA accompanied by Tukey 
test to detect the differences between the treatments. Differences 
were considered to be significant when p < .05. Values are presented 
as arithmetical means with standard deviation (mean ± SD).

3  | RESULTS

It was found that the type of diets fed to swine or turkeys did not 
affect the IVDMD of different substrates. This is manifested by 
similar results of tested substrates among the animals. Therefore, 
the DM digestibility of each ingredient was calculated collectively 
as shown in Table 2. The values were higher with the following 
substrates: dried beet pulp (80%), swine/turkey diet (75%), wheat 
bran (60%), hay (40%) and straw (10%–20%). Of special interest are 
the data on the two lignocellulose products, the DM digestibility of 
product A was in the range of 20% (turkeys) up to 30% (pigs) while 
the product B had values of about 2% in swine to 5% in turkeys.

The data of gas production and fermentation products in the glass 
bottles revealed that no influence of the diet type on fermentation of 
different substrates. In swine, regardless the kind of diet, the amount 
of gas produced was higher in commercial swine diets (29.1  ml/g), 
followed by dried beet pulp (23.5 ml/g) and hay (8.50 ml/g; Table 3). 
The gas amount provided by straw and lignocellulose A was low and 
nearly identical (1.0 ml/g). However, no gas was determined in case of 
lignocellulose B. Moreover, the pH values of the substrates after 24 hr 
fermentation were a reflection of the gas production. It was observed 
that the higher gas produced yielded lower pH values. As expected, 
commercial swine diet followed by dried beet pulp and hay resulted 
in high amounts of VFAs produced. Lignocellulose A and straw pro-
duced considerable amounts of acetic and propionic acids, with nearly 
equal values (about 3.25 mmol/kg for acetic and 0.75 for propionic). 
However, lignocellulose B generated very low amounts of VFAs in spite 
of no gas production. Also, the concentration of total VFAs was higher 

in commercial swine diet (38.9 mmol/kg), followed by dried beet pulp 
(34.2 mmol/kg), hay (23.7 mmol/kg), and at the end both of straw and 
lignocellulose A (4.13 mmol/kg).

In turkey birds, all substrates used in swine experiment was 
tested, but wheat bran and commercial turkey diet (P6) were used 
instead of hay and commercial swine diet. As observed in swine, 
no effect of the kind of diet on the fermentation using turkey 
excreta as an inoculum. The gas amount produced was higher in 
commercial turkey diet (P6), wheat bran and dried beet pulp and 
the values were about 31.5, 18.0, and 12.6  ml/kg, respectively 
(Table 3). The pH values of these substrates were coincided with 
the amount of gas output and the values were 5.36, 5.92 and 6.02, 
respectively. Lignocellulose A and straw produced low amounts 
of gases (about 1.0 ml/g) and the pH values averaged about 6.68. 
However, lignocellulose B did not produce any gases. Moreover, 
commercial turkey diet (P6), followed by wheat bran and dried 
beet pulp, and ultimately straw showed marked increase in pro-
duction of total and individual VFAs. Nevertheless, lignocellulose 
A produced lower amounts of VFAs than straw, but higher than 
lignocellulose B.

Concerning L-lactate produced in the substrates, in swine, 
lignocellulose A was found to produce high amount of L-lactate 
(0.05 mmol/kg) which was nearly similar to that of straw (Table 4). 
Nevertheless, commercial swine diet had a lower concentration 
of L-lactate (0.03 mmol/kg) compared to that of lignocellulose A 
and straw. Moreover, lignocellulose B, hay and dried beet pulp 
produced very low amounts of L-lactate (0.01  mmol/kg). In tur-
keys, it was observed a higher concentration of L-lactate in case 
of lignocellulose A substrate (0.05 mmol/kg). However, other sub-
strates provided very low amounts of L-lactate (0.01  mmol/kg), 
except commercial turkey diet (P6) which produced a considerable 
amount (0.03 mmol/kg).

4  | DISCUSSION

Faeces have been identified as readily available source of microor-
ganisms. It can be used as an alternative to ruminal fluid in rumi-
nants (Akhter, Owen, Theodorou, Butler, & Minson, 1999). Also, it is 
a suitable inoculum source for in vitro digestibility and gas produc-
tion studies in horses (Lattimer, Cooper, Freeman, & Lalman, 2007; 
Lowman, Theodorou, Hyslop, Dhanoa, & Cuddeford, 1999). There 
was very little research on using the swine faeces or poultry excreta 
in in vitro digestion or fermentation assessments.

The IVDMD was higher in commercial swine or turkey diet, 
dried beet pulp, wheat bran and hay compared to straw and ligno-
cellulose products. This could be due to lower fibre contents and 
higher organic compounds (protein and NfE) in these ingredients. 
Moreover, the DM digestibility of lignocellulose A was better than 
that of straw. This finding could be attributed to its higher content 
of protein (32.0 vs. 26.6 g/kg) and NDF (872 vs. 668 g/kg). However, 
the IVDMD of lignocellulose B was the lowest among the tested 
substrates. This is due to lower digestible nutrients content and 

TA B L E  2   In vitro dry matter digestibility (%) of different 
ingredients using Daisy incubator and faeces/excreta of swine/
turkeys as inoculums, regardless the consumed diets

Substrate Swine (n = 18)1 
Turkeys 
(n = 18)2 

Normal diet3  74.3 ± 5.55b 75.1 ± 2.40a

Dried beet pulp 87.1 ± 6.07a 71.8 ± 6.55b

Wheat bran — 58.6 ± 3.22c

Hay 42.5 ± 10.1c —

Straw 20.5 ± 10.2e 10.2 ± 1.25e

Lignocellulose A 28.9 ± 9.30d 23.8 ± 3.80d

Lignocellulose B 2.16 ± 2.84f 4.57 ± 2.46f

a,b,..Means within the same column with different superscripts are 
significantly different (p < .05).
16 animals × 3 samples per substrate. 
26 trials (each one was done on 3 birds together) × 3 samples per 
substrate. 
3Normal diet: commercial diets of swine and turkeys. 
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higher ADF in this product compared to other ingredients. The same 
findings for lignocellulose products were reported by Youssef and 
Kamphues (2018). Cappai et al. (2013) found a low digestibility of 
organic matter and starch in pigs fed high proportions of acorn hulls 
due to high amounts of non-fermentable crude fibre in the diet.

The amounts of gas and VFAs produced were higher in commer-
cial swine or turkey diet, dried beet pulp, wheat bran and hay. This 
could be due to its higher contents of fermentable nutrients and 
easily digestible fibres. However, lower amounts of gas and VFAs 
were produced by straw and lignocellulose A. This is due to high, 
relatively less digestible, fibre contents in these substrates. In spite 
of no gas produced in lignocellulose B, very little fermentation oc-
curred as demonstrated by the presence of few amounts of VFAs. 
The pH values was highly correlated (r = .91) with amounts of gas 
and VFAs produced, so it can be used as indicators of the fermenta-
tion process in the substrates (McDonald et al., 2010). The findings 
of gas and VFAs production in substrates with swine inocula were 
nearly coordinated with that of turkey inoculums. Nevertheless, 
only VFAs formed in lignocellulos A with swine inoculum was similar 
to that of straw, but was lower than straw when incubated with tur-
key inoculum. Moreover, Youssef and Kamphues (2018) found that 
lignocellulose A can be used as source of fibre in diets of monogas-
tric animals as well as the digestibility rates of its DM, organic mat-
ter and crude fibre were about 50%, 47.0% and 48.0%, respectively. 
Zeitz et al. (2019) reported that supplementation of lignocellulose 
to broilers' diets could affect the gut bacterial population and bac-
terial fermentation, have anti-inflammatory activities, and increase 
mucin formation in the intestine, and consequently, improve broiler 
performance.

The amount of L-lactate formed in lignocellulose A and straw was 
higher compared to other substrates. This could be due to higher 
cellulose content in these ingredients, which can be splitted by bac-
teria into lactate. The same result for lignocelluloses was obtained by 
Youssef and Kamphues (2018). The results of L-lactate in swine were 
consistent with that of turkeys.

The obtained findings revealed that the data of employing swine 
faeces as an inoculum were comparable with that of using turkey 

excreta—inoculum. Furthermore, faeces can be used as a source of 
microbial enzymes for estimating digestibility and fermentation rates 
of feeds (Omed et al., 2000; Youssef & Kamphues, 2018). Moreover, 
the present study tried to provide new information about the fer-
mentation of not only lignocellulose products, but also to other fibre 
rich ingredients that can be used in diets of monogastric animals.

5  | CONCLUSIONS

The obtained results indicate that the faeces or excreta inoculum 
can be used for in vitro studies, as an indicator of the potential 
microbial degradation of ingredients in the gastrointestinal tract. 
Comparing lignocellulose products with traditional fibre sources, 
the DM digestibility of lignocellulose A was greater than straw but 
its fermentation rate seems to be equal to straw. Thus, lignocellu-
lose A can be used as a new source of fibre in diets of monogastric 
animals, especially when higher dietary fibre levels are intended 
for different reasons (such as animal welfare, gut health, …etc.).
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