N

N

Supplementing zebu cattle with crop co-products helps
to reduce enteric emissions in West Africa
Gérard Xavier Gbenou, Mohamed Habibou Assouma, Denis Bastianelli,
Timbilfou Kiendrebeogo, Laurent Bonnal, Nouhoun Zampaligre, Bérénice

Bois, Souleymane Sanogo, Ollo Sib, Cécile Martin, et al.

» To cite this version:

Gérard Xavier Gbenou, Mohamed Habibou Assouma, Denis Bastianelli, Timbilfou Kiendrebeogo,
Laurent Bonnal, et al.. Supplementing zebu cattle with crop co-products helps to reduce enteric emis-
sions in West Africa. Archives of Animal Nutrition, 2024, pp.1-17. 10.1080/1745039X.2024.2356326 .
hal-04621397

HAL Id: hal-04621397
https://hal.science/hal-04621397

Submitted on 24 Jun 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04621397
https://hal.archives-ouvertes.fr

Archives of

Archives of Animal Nutrition

Animal Nutrition

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/gaan20

©

Taylor & Francis

Taylor & Francis Grou

P

Supplementing zebu cattle with crop co-products
helps to reduce enteric emissions in West Africa

Gérard Xavier Gbenou, Mohamed Habibou Assouma, Denis Bastianelli,
Timbilfou Kiendrebeogo, Laurent Bonnal, Nouhoun Zampaligre, Bérénice
Bois, Souleymane Sanogo, Ollo Sib, Cécile Martin & Luc Hippolyte Dossa

To cite this article: Gérard Xavier Gbenou, Mohamed Habibou Assouma, Denis Bastianelli,
Timbilfou Kiendrebeogo, Laurent Bonnal, Nouhoun Zampaligre, Bérénice Bois, Souleymane
Sanogo, Ollo Sib, Cécile Martin & Luc Hippolyte Dossa (22 Jun 2024): Supplementing zebu cattle
with crop co-products helps to reduce enteric emissions in West Africa, Archives of Animal
Nutrition, DOI: 10.1080/1745039X.2024.2356326

To link to this article: https://doi.org/10.1080/1745039X.2024.2356326

8 © 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

@ Published online: 22 Jun 2024.

\]
CJ/ Submit your article to this journal &

A
& View related articles &'

View Crossmark data &'

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=gaan20


https://www.tandfonline.com/action/journalInformation?journalCode=gaan20
https://www.tandfonline.com/journals/gaan20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/1745039X.2024.2356326
https://doi.org/10.1080/1745039X.2024.2356326
https://www.tandfonline.com/action/authorSubmission?journalCode=gaan20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=gaan20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/1745039X.2024.2356326?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/1745039X.2024.2356326?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/1745039X.2024.2356326&domain=pdf&date_stamp=22 Jun 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/1745039X.2024.2356326&domain=pdf&date_stamp=22 Jun 2024

ARCHIVES OF ANIMAL NUTRITION Ialyl&czr &GFl'anCIS
https://doi.org/10.1080/1745039X.2024.2356326 aylor &Francis Group
B OPEN ACCESS | ™ Greck forupastes

Supplementing zebu cattle with crop co-products helps to
reduce enteric emissions in West Africa

Gérard Xavier Gbenou (»*<4, Mohamed Habibou Assouma (#°<¢,

Denis Bastianelli(®®<, Timbilfou Kiendrebeogo?, Laurent Bonnal (5)°<,
Nouhoun Zampaligre?, Bérénice Bois<, Souleymane Sanogo®, Ollo SibP<e,
Cécile Martinf and Luc Hippolyte Dossa®

2Laboratoire des Sciences Animales (LaSA), Faculté des Sciences Agronomiques, Université d’Abomey-Calavi,
Cotonou, Benin; ®PSELMET, CIRAD, INRAE, Institut Agro, Univ Montpellier, Montpellier, France; <CIRAD, UMR
SELMET, Montpellier, France; YCentre National de Recherche Scientifique et Technologique, Institut de
I'Environnement et de Recherches Agricoles, Bobo Dioulasso, Burkina Faso; ¢Centre International de
Recherche Développement sur I'Elevage en zone Subhumide (CIRDES), USPAE, Bobo-Dioulasso, Burkina
Faso; INRAE, VetAgro Sup, UMR 1213 Herbivores, Université Clermont Auvergne, Saint-Genés-Champanelle,
France

ABSTRACT ARTICLE HISTORY
In Africa, a wide variety of diets (forage + crop co-products or Received 6 January 2024
other agricultural by-products) is being used by livestock farm- Accepted 13 May 2024

ers in different production systems to adapt to climate KEYWORDS
change. This study aimed to assess the performance of various Crop residues;

local feeding strategies on Sudanese Fulani zebu cattle. Two supplementary feeding;
experiments were carried out on 10 steers aged initially 33 nutritive value; ruminants;
months (142 kg body weight - BW). The animals were fed enteric methane; mitigation;
eight different diets at an intake level of 3.2% LW in dry Sahel

matter (DM), including two control diets of 100% rangeland

forage (100% RF) and six experimental diets made up of for-

age and crop co-products (75:25 DM ratio). In the first experi-

ment, the control diet was made up of rangeland forage (RF)

and supplements consisted of four cereal co-products (CC), i.e.

maize, sorghum, millet, and rice straws. In the second experi-

ment, the control diet consisted of Panicum maximum (Pmax)

hay, and the supplements tested were two legume co-

products (LC), i.e. cowpea and peanut haulms. Each experi-

ment lasted 3 weeks, including 2 weeks of adaptation to the

diet and 1 week of data collection on individual animals

(intake, apparent digestibility, and enteric methane). The NDF

content of the diets was different within each experiment (p <

0.05). Among diets containing CC, DM intake [g/kg BW] was

significantly higher (+31%; p=0.025) for the diet containing

rice straw than for the other diets, which showed similar levels

to the RF diet. Among diets containing LC, intake was signifi-

cantly higher (p=0.004) than for the Pmax diet. Intake was

higher for the peanut haulm diet than for the cowpea haulm

diet. The DM digestibility was similar between the different
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diets in each experiment. Enteric methane (eCH,) yield [g/kg
DMI] from the CC and LC-containing diets were reduced by an
average of 23% and 20% compared to the RF and Pmax
control diets respectively. Raising awareness among agro-
pastoralists about the use of crop co-products offers real pro-
spects for eCH, emissions mitigation in the Sahel region.

1. Introduction

Extensive livestock farming in Sub-Saharan Africa (SSA) is characterised by the pre-
dominant use of rangeland resources (Hiernaux and Le Houerou 2006). Feeding prac-
tices are based on daily selective grazing, transhumance, and supplementation. Natural
resources are subject to seasonality, which affects their availability: abundance in the
rainy season and shortage in the dry season (Amole et al. 2021). The very low quality of
natural forage during dry seasons leads not only to a drop in performance (Mane et al.
2023), but also to impaired ruminal function. This in turn leads to low intake capacity
and inefficient rumen fermentation, with increased enteric methane (eCH,) emissions
(Assouma et al. 2019).

In agro-pastoral systems, available crop co-products (cereal straws and legume
haulms) are used to supplement ruminant basal diets, especially during periods of
shortage (Gbenou et al. 2024). Cereal straws are known for their low nutritional
value whereas legume haulms, which are more nutritious ([INRA] Institut National
de la Recherche Agronomique 2018) are less accessible and more expensive (Sanon
et al. 2018). Data on the nutritional value of these co-products is available, but little
is known about their synergy with poor natural forage, in terms of intake, digest-
ibility and eCH, emissions by local breeds, which are considered low-productive
animals. The purpose of our work was therefore to select the six main crop co-
products used in extensive livestock farming systems of SSA and to study their
nutritional, digestive and methanogenic potential in local Sudanese Fulani zebu
cattle.

2. Material and methods

The experimental procedures have been approved by the CIRDES (Centre International
de Recherche Développement sur I'Elevage en zone Subhumide) Ethics Committee for
Animal Experiments (Approval dated 15 April 2021 for application N° 006/Mars/2021/
CE-CIRDES).

2.1. Study area

The study was carried out at the CIRDES experimental station in Bobo Dioulasso (11°
10’37"N and 4°17°52"W) in South-Western Burkina Faso. It was conducted during the
hot dry season (March to June 2022) characterised by an ambient temperature of 33.3°C
and rainfall of 186 mm.
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2.2. Animals, feed, and experimental design

The study involved 10 Sudanese Fulani zebu steers (initial age and body weight of
33.5+2.5months and 142 + 4.6 kg respectively) kept in individual pens (3 x 3m
with the floor concreted without bedding that was cleaned every morning) for 15
sequential weeks (W1 to W15) in an experimental barn. The animals were fed at an
intake level of 3.2% of LW in dry matter. Access to lick stone and water was ad
libitum.

In Experiment 1 from week 1 to week 9 (W1 to W9), the basic forage was rangeland
forage (RF) directly collected in the field during the hot dry season, predominantly
Andropogon gayanus Kunth, Hyparrhenia hirta, and Pennisetum pedicellatum. It was
cut on rangeland within the same grazing area and stored straight away. In Experiment 2
(W10 to W15), the basic forage was Panicum maximum hay (Pmax). The change of
forage for Experiment 2 was due to a shortage of RF at the end of the dry season. It was
replaced by Pmax harvested at maturity given their comparable chemical compositions
with RF. These feeds were provided as stand-alone control diets (100% RF and 100%
Pmax) or mixed with six crop co-products in constant proportions (75:25 on a DM
basis). Co-products were selected as the most commonly used for livestock feed, based on
a survey of around 50 agro-pastoralists in the region of Bobo Dioulasso. The RF was
supplemented with four cereal co-products (CC), namely maize straw (MaS), sorghum
straw (SoS), millet straw (MiS) and rice straw (RiS), and Pmax was supplemented with
two legume co-products (LC), i.e. cowpea haulm (CoH) and peanut haulm (PeH)
(Table 1). Daily diets were split into two meals served at 8:30h and 16:30 h. Pellets
were supplied as bait via an automatic feeder (GreenFeed® system - GF, C-Lock Inc.,
Florida, USA) in addition to the diets. The bait was made up of natural rangeland forage
and molasses (90:10 ratio on a DM basis). The forage was ground through a sieve with
a pore size of 1 mm before being mixed with the molasses. The homogeneous mixture
was then pelleted (8 mm diameter). In each experiment, 10 steers were fed the control
diet whereas each of the two experimental batches comprised five animals. Each diet was

Table 1. Formulation of diets offered to Sudanese Fulani zebu steers during the 15-week trial.
Exp. 1 (5 diets) Exp. 2 (3 diets)

Trial weeks 1to03 4106 4t06 7t09 7t09 10 to 12 13to 15 13to 15
Diet RF — controll RF+MaS RF+SoS RF+MiS  RF+RiS  Pmax — control2 Pmax+CoH Pmax+PeH
(N=10) (N=5) (N=5) (N=5) (N=5) (N=10) (N=5) (N=5)
RF 100% 75% 75% 75% 75% - - -
MaS - 25% - - - - - -
SoS - - 25% - - - - -
MiS - - - 25% - - - -
RiS - - - - 25% - - -
Pmax - - - - - 100% 75% 75%
CoH - - - - - - 25% -
PeH - - - - - - - 25%
Total DM 33%BW  32%BW 3.3%BW 3.2%BW 3.2% BW 3.3% BW 3.2%BW  3.2% BW

offered

RF: dry rangeland forage harvested in hot dry season, MaS: maize straw, SoS: sorghum straw, MiS: millet straw, RiS: rice
straw, Pmax: Panicum maximum C1 hay harvested at maturity stage, CoH: cowpea haulm, PeH: peanut haulm, N =
animal number, DM: dry matter, BW: body weight.
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administered for 3 weeks, with 2 weeks of adaptation and 1 week of data collection (D1
to D7).

2.3. Measurements

2.3.1. Body weight, intake, and digestibility

Body weight was recorded at the beginning and end of each week of data collection.
Voluntary feed intake was measured daily by weighing offered and refused diets per
animal. Representative samples of diets offered and refused (300 g of diet and 300 g of
pellets) were collected and kept individually.

All excreted faeces were collected daily (D1 to D7) from bags fitted to each animal.
Those bags were emptied twice a day. After weighing the total amount collected,
a representative sample of 800 g of faeces per animal was taken each day. Seven samples
of offered feed, 70 samples of refusals and 70 faeces samples were thus collected for each
control diet (RF and Pmax). For each experimental diet, 7 samples of offered feed, 35
samples of refusals and 35 faeces samples were collected. All samples were then dried (at
55°C for 72 hours) and ground through a sieve with a pore size of 1 mm (SM 100, Retsch
GmbH, Hann, Germany) before being analysed for their chemical composition.

2.3.2. Enteric methane emissions

Enteric methane emissions were measured using a GF unit. The unit was calibrated to
deliver a drop of 34 + 2.1 g pellet baits every minute during each animal visit. To reduce
its effect on intake composition, the bait was made up of natural rangeland forage as
described above. Refused bait was removed from the GF’s trough and weighed on each
visit to assess individual daily intake quantities. Measurement times were tailored to the
feeding behaviour of the animals, with random access to the GF unit being granted in
turn at the following times during 7 d: 6:30 h (overnight fast), 10:00 h (immediately after
feed intake), 14:00 h (during rumination) and 18:00 h (immediately after feed intake and
at sunset) respectively. On the 7th day (last day) of each feeding condition, an additional
measurement was performed at 00:00 h (during total rest). The total number of visits
amounted to 29 per animal per feeding condition and exceeded the minimum number of
20 visits recommended by Manafiazar et al. (2017). Each animal spent an average of 3

min + 06s (Min = 2min28s, Max = 4min11s) at the GF unit per visit. The total amount of
bait delivered by the GF unit was 34 x 3 =102 g per animal per visit. The GF unit was
automatically calibrated every day (at 4:00h), with a gas mixture being injected at
certified concentrations (CHy: 509.4 ppm, CO;: 4,993 ppm, Hy: 10.10 ppm, and O,:
21.01 ppm; Liquid air, C-Lock, USA). At the beginning and end of each trial (twice
a week), a CO, recovery test was carried out and the filter was changed (or whenever the
airflow fell below 27 L/s). Throughout the study, average values for airflow, recovery rate,
and wind direction were 38.8 +2.32 L/s (Min =25.2, Max =40.6), 97.7 + 1.2% (Min =

93.0, Max = 99.8) and 141 £ 49.6° (Min = 3.28, Max = 359) respectively.

2.4. Feed and faeces chemical composition

Feed and faeces chemical compositions were estimated using near-infrared spectroscopy
(NIRS). NIRS spectra were collected for each sample using a spectrometer (Tango model,
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Bruker Optik GmbH, Ettlingen, Germany) which captures spectra between 11,536 and
3,952 cm™! with an 8 cm ™! step. NIRS models based on 1,890 forage samples were used
respectively to predict ash, crude protein (CP), neutral detergent fibre (NDF), acid
detergent fibre (ADF), acid detergent lignin (ADL) and gross energy (GE) contents, as
well as forage in vitro dry matter digestibility (IVDMD) and organic matter digestibility
(IVOMD). The NIRS models based on 690 faecal samples and analyses performed with
wet chemistry reference methods were used to predict faecal ash, CP, NDF, ADF, ADL
and GE contents. Fibres (NDF, ADF, ADL) were analysed following the sequential
method described by Van Soest et al. (1991) using an Ankom fibre analyser (Ankom®
Tech. Co., Fairport, NY, USA). The NDF and ADF were corrected for ash measured on
ADL residue. Ash content was determined by incineration in a muftle furnace for 5 hours
at 550" C (Hassoun et al. 2022). Total nitrogen content was determined using the
Kjeldahl method as in Hassoun et al. (2022) and CP content was calculated as total
nitrogen x 6.25. In vitro digestibility was determined using the pepsin-cellulase method
(Aufrere et al. 2007). Gross energy of offered and refusals was determined by bomb
calorimetry (IKA calorimeter model C2000; IKA-Werke GmbH, Staufen, Germany). The
chemical composition of feed ingredients and diets is shown in Tables 2 and 3.

2.5. Data processing

2.5.1. Data pre-processing and parameter calculation

Daily individual voluntary diet intake was calculated as the difference between quantities
of feed offered and refused. The chemical composition of diet intake and total feed intake
(diet + bait) was calculated according to Horvath et al. (2021).

The GF data acquisition file included eCH, and CO, flow punctual data (g/d) for each
visit and each animal (n = 1,359 punctual data per gas). For each animal, outlier gas data
was removed following the approach described by Coppa et al. (2021). This outlier data
accounted for 0.29% of the total dataset. Data from each visit was then averaged per animal
and per day to produce individual daily values for each gas flow according to Equation 1.
Since there were two night-time (00:00 h and 6:30 h) and three daytime (10:00 h, 14:00 h,
and 18:00 h) readings, the average was weighted by assigning them equal weight.

eCH, [g/d] = 0.5 * [(eCH,.10:00h + eCH,.14:00h 4 eCH,.18:00h)/3] + 0.5%[(eCH,.6:30h-+
eCH,.00:00h) /2]

1

with eCH,.i: average eCH, emissions [g/d] for visits over the same i period.
The eCH, conversion rate (Ym) was calculated following Equation 2 provided by the
[IPCC] Intergovernmental Panel on Climate Change et al. (2019).

Ym[%] = [(eCHy % 55.65/1,000) /GEI] * 100 )

with eCHy in [g/d] and GEI in [M]/d].

GEI per animal per day was calculated from GE of offered and refusals. For each
treatment, total DM intake and daily gas emissions (D1 to D7) were averaged to produce
a single value per animal.
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Table 3. Chemical composition of ingredients and diets offered to Sudanese Fulani zebu steers
(Exp. 2).

Ingredients Diets
Pmax-+All Pmax Pmax
Pmax legume co- +CoH +PeH
Pmax CoH PeH (100) products p (75:25) (75:25) SEM p

OM [g/kg] 827 879 839 827 817 0.296 840 830 0.242  0.208
CPlg/kgl 37 126 131 378< 61 <0.001 66° 59° 0312 <0.001
NDF[g/kgl 670 380 39 670" 598° <0001 609° 614° 0728 0.001
ADF [g/kg] 408 265 268 408" 386° 0.024 392 398 0.281 0.088
ADL [g/kg] 65.2 68.5 82.7 65.3° 83.3% <0.001 80.9 89.4 0.250 <0.001
IVDMD 0350 0731 0722 0.350°° 0.399" <0.001 0.397° 0.401° 0.066 0.005
IVOMD 0319 0723 0714 0319%° 0.362" <0.001 0.361° 0.363° 0.063 0.005
GE [MJ/kg] 16.6 16.9 16.4 16.7 16.5 0443 168 16.9 0.078 0.072

OM: organic matter, DM: dry matter, NDF: neutral detergent fibre, ADF: acid detergent fibre, ADL: pickling lignin, IVDMD:
in vitro dry matter digestibility, IVOMD: in vitro organic matter digestibility, GE: gross energy.

Pmax: Panicum maximum C1 hay harvested at maturity stage, CoH: cowpea haulm, PeH: peanut haulm.

AByalues with different superscripts within the same row differ significantly at p < 0.05: comparison between control diet
and combined experimental diets.

abyalues with different superscripts within the same row differ significantly at p <0.05: comparison between all
individual diets per experiment.

2.6. Statistical analysis

Statistical analyses were performed using R software version 4.1.2 (R Core Team 2021).
The effect of supplementation was studied in each experiment by comparing the control
diet with the pool of experimental diets using a student’s test (t.test). The distinctive effect
of each co-product was then tested using analysis of variance (ANOVA). This analysis
enabled to test the differences in intake, digestibility, and eCH,4 emissions in each
experiment. The data was analysed using a mixed model. Least squares means for all
parameters responses variables analysed were generated and compared with the Duncan
test (duncan.test) via the agricolae package (de Mendiburu 2023) when p <0.05. The
chemical composition of feed intake and refusals was also compared in each experiment
using the student’s test (t.test). The following statistical model was used for ANOVA data
analysis:

Y. = p o+ fa+ €

where Y, = variable to be defined (feed offered content, intake, digestibility, eCH,);
u = overall average;
f,=a™ feed (co-product) effect;
¢, = random error.

3. Results
3.1. Chemical composition of diets

Both basic forages (RF and Pmax) had similar chemical compositions, but with a higher CP
content and in vitro digestibility for Pmax (Tables 2 and 3). In Exp. 1, the NDF content was
lower in the experimental diets (p < 0.001), except for RF+MaS. In Exp. 2, both experi-
mental diets had higher CP content (p < 0.001) than the Pmax diet. The NDF and ADF
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contents were different in the experimental diets, with NDF contents lower (p = 0.001) than
in Pmax. In vitro digestibility was higher in the experimental haulm diets (p < 0.05).

3.2. Diet intake and digestibility

In Exp. 1 (Table 4), the highest intake (DMI, OMI, GEI in g/kg LW per day) was achieved
with the RF+RiS diet, which was the only experimental diet with a higher intake compared
with the RF diet. The average daily bait intake was 330 g DM per animal (Min = 16 g; Max
=380 g). Feed refusals were richer in fibre than intakes (Table 5). The refusals were >50%
in the case of RF, RF+MaS and RF+MiS diets, and <50% for RF+SoS and RF+RiS (p <
0.001). The CPI was higher in the supplemented treatments (p =0.001). The OMd was
significantly higher for the RF+SoS diet and lower for RF+MaS one (Table 6).

In Exp. 2, a significant difference was noted for DMI, with a maximum value for Pmax
+PeH (p =0.004) (Table 7). The experimental diets showed a higher CPI than the Pmax
diet (p < 0.001). Average daily bait intake was 300 g DM per animal (Min = 9 g; Max = 380
g). The CP content was lower in refusals than in the intake of experimental diets (p < 0.001)
(Table 8). Refusals amounted to 39%, 31% and 25% of feed offered for Pmax, Pmax+CoH
and Pmax+PeH respectively. The OMd was significantly higher for the Pmax+PeH diet
(Table 9). The experimental diets displayed significantly different CPd values (Table 9).

3.3. Enteric methane emissions

In Exp. 1, all supplemented diets showed a reduction of eCH, [g/d] from -8.0%
to —28.8% compared with RF (Table 10). The eCH, yields [g/kg DMI] also

Table 4. Daily intake by Sudanese Fulani zebu steers for each diet (including bait distributed by GF)
(Exp. 1).

RF+All cereal co- RF

Intake RF products +MaS  RF+SoS RF+MiS RF+RiS

N animals 10 20 p 5 5 5 5 SEM p
DMI [kg] 241% 247 0665 221° 249%  235% 286° 0072 0.042
DMI [g/kg BW] 16.4° 18.0 0112 159° 17.7°  170° 2157 0487 0025
OMI [kg/d] 2.18 217 0986 193 223 210 243 006  0.365
OMI [g/kg BW] 14.8° 15.8 0218 139° 159  152° 183" 0388 0.032
CPI kgl 0.061% ¢ 0.083" 0001 0061 0.102*° 0.083° 0.102* 0.003 0.001
CPl [g/kg BW]  0.463% ¢ 0.642" <0.001 0.463° 0705 0612° 0781° 0026 <0.001
NDFI [kg] 1.78 1.56 0061 149 149 142 185 005  0.062
NDFI [g/kg 12.1° 114 0327 107° 106> 103" 1397 0334 0015

BWI

ADFI [kg] 112~ 2 0.938 0019 090 088 082° 1.14° 0030 0018
ADFI [g/kg BW] ~ 7.58°° 6.83 0.118 6.50° 630° 594° 858° 0226 0.003
GEI [MJ] 44.0% 436 0832 36.5°  446™  433® 499° 134  0.183
GEI [MJ/kg BW]  0.291° 0313 0362 0261° 0314° 0312° 0374° 0.008 0.019

RF: dry rangeland forage harvested in hot dry season, MaS: maize straw, SoS: sorghum straw, MiS: millet straw, RiS: rice straw.

DMI: dry matter intake, OMI: organic matter intake, CPI: crude protein intake, NDFI: neutral detergent fibre intake, ADFI:
acid detergent fibre intake, GEI: gross energy intake, BW: body weight.

AByalues with different superscripts within the same row differ significantly at p < 0.05: comparison between control diet
and combined experimental diets.

aboyalues with different superscripts within the same row differ significantly at p < 0.05: comparison between all
individual diets per experiment.
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Table 5. Chemical composition of daily intake and refusal of cereal co-product diets (without bait) in
Sudanese Fulani zebu steers (Exp. 1).

Diets OM [g/kg]l CP[g/kg]l NDF [g/kg] ADF [g/kg]l ADL [g/kg]l  GE [MJ/kg]
RF Intake 8597 26.6 7342 462° 74.6° 17.5
Refusal 796° 27.1 658° 406° 84.9° 15.8°
SEM 7.49 0.33 8.99 6.63 134 0.21
p <0.001 0.547 <0.001 <0.001 <0.001 <0.001
RF+All cereal co-products  Intake 809 34.0 589° 351P 73.6° 16.2
Refusal 806 23.8° 693? 442 87.3 163
SEM 0.97 598 9.27 8.09 1.92 0.27
p 0.633 <0.001 <0.001 <0.001 0.001 0.772
RF+MaS Intake 800 275 632° 381P 83.6° 15.0
Refusal 800 246 686 433? 78.1° 15.8
SEM 5.13 0.84 112 103 144 0.202
p 0.215 0.485 <0.001 <0.001 <0.001 0.226
RF+50S Intake 8412 402? 564° 332P 86 16.8
Refusal 829° 24.7° 709° 447° 85.0 16.5
SEM 413 2.62 2422 193 0.31 0.107
p 0.045 <0.001 <0.001 <0.001 0.322 0.342
RF-+MiS Intake 827° 3432 564° 324P 68.4° 17.1
Refusal 810° 23.1° 701° 456° 97.9° 16.8
SEM 419 1.92 229 222 4.95 0.095
p 0.048 <0.001 <0.001 <0.001 <0.001 0.228
RF+RiS Intake 769° 34.12 595P 367° 56.8° 15.8
Refusal 786 23.1° 676 432° 88.12 16.0
SEM 3.48 1.88 136 11.0 535 0.053
p 0.022 <0.001 <0.001 <0.001 <0.001 0.284

RF: dry rangeland forage harvested in hot dry season, MaS: maize straw, SoS: sorghum straw, MiS: millet straw, RiS: rice
straw.

OM: organic matter, CP: crude protein, NDF: neutral detergent fibre, ADF: acid detergent fibre, ADL: acid detergent lignin,
GE: gross energy.

abyalues with different superscripts within the same row differ significantly at p < 0.05: comparison between all
individual diets per experiment.

Table 6. Apparent digestibility of diet intake (including bait distributed by GF) by Sudanese Fulani
zebu steers (Exp. 1).

Digestibility RF RF+All cereal co-products RF+MaS RF+50S RF+MiS RF+RiS

N animals 10 20 p 5 5 5 5 SEM p
DM 0.460 0.480 0.140 0467 0511 0486 0459 0006 0234
oM 0.500%° 0.518 0.187 0480° 0.546° 0.520%° 0.529%° 0.006 0.047
cp 0.001% © 0.177* 0044 0.129° 0002° 0.282% 0295 0.045 0.040
NDF 0.592* 2 0.550° 0018 0.554%° 0549 0527° 0600° 0.007 0.004
ADF 0.559" 0.526° 0.041 0.515°° 0508 0479 0604 0.009 0.002
GE 0.508° 0.529 0210 0.462° 0555 0517° 0.585° 0.009 <0.001

RF: dry rangeland forage harvested in hot dry season, MaS: maize straw, SoS: sorghum straw, MiS: millet straw, RiS: rice straw.

DM: dry matter, OM: organic matter, CP: crude protein, NDF: neutral detergent fibre, GE: gross energy.

AByalues with different superscripts within the same row differ significantly at p < 0.05: comparison between control diet
and combined experimental diets.

2byalues with different superscripts within the same row differ significantly at p < 0.05: comparison between all
individual diets per experiment.

decreased overall with supplementation: 24.8 g on average for the experimental
treatments compared with 30.6 g for RF treatment (p =0.047). MaS, SoS, MiS, and
RiS generated a drop of —5.60%, —20.9%, —25.8%, and —23.2% respectively. The
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Table 7. Daily intake by Sudanese Fulani zebu steers for each diet (including bait distributed by GF)
(Exp. 1).

Intake Pmax Pmax + All legume co-products Pmax+CoH Pmax+PeH

n 10 10 p 5 5 SEM p
DMI [kg] 3.36 3.60 0.209 345 376 0094 0226
DMI [g/kg BW] ~ 21.7% € 25.5% 0001  24.2° 26.8° 0649  0.004
OMI [kg/d] 3.03 3.25 0.206 3.13 337 0083  0.261
OMI [g/kg BW]  19.6% © 23.0% <0001 219° 24.1° 0.6 0.004
CPI [kg] 0.13% P 0.254 <0.001 0.26° 0.25° 0.015 <0.001
CPI [g/kg BW] 0.84% © 1.80% <0.001 1.82° 1.79° 0.113  <0.001
NDFI [kg] 240 2.29 0.247 217 241 006  0.169
NDFI [g/kg BW]  15.5° 16.2 0292 15.2° 17.2° 0341 0.029
ADFI [kg] 1.46 1.48 0813 1.40 1.56 004 0360
ADFI [g/kg BW] ~ 9.58° 1054 0.026 9.8° 11.2° 0.2 0.008
GEI [MJ] 61.7 66.1 0202 630 69.2 170 0.201
GEI [MJ/kg BW] ~ 0391% ¢ 0.462" <0.001 0.441° 0493° 0011  0.002

Pmax: Panicum maximum C1 hay harvested at maturity stage, CoH: cowpea haulm, PeH: peanut haulm.

DMI: dry matter intake, OMI: organic matter intake, CPI: crude protein intake, NDFI: neutral detergent fibre intake, ADFI:
acid detergent fibre intake, GEIl: gross energy intake, BW: body weight.

ABvalues with different superscripts within the same row differ significantly at p < 0.05: comparison between control diet
and combined experimental diets.

2byalues with different superscripts within the same row differ significantly at p < 0.05: comparison between all
individual diets per experiment.

Table 8. Chemical composition of daily intake and refusal of legume co-product diets (without bait) in
Sudanese Fulani zebu steers (Exp. 2).

Diets OM [g/kg] CP [g/kg]l NDF [g/kg] ADF [g/kg]l ADL [g/kg] GE [MJ/kg]
Pmax Intake 8512 37.8 692° 4232 64.8 17.3°
Refusal 793P 355 640° 387° 66.0 15.6°
SEM 7.25 0.518 6.64 4.90 0.70 0.214
p 0.025 0.236 <0.001 <0.001 0.287 <0.001
Pmax+All legume co-products Intake 830° 69.1° 590° 384 83.6 16.9°
Refusal ~ 781° 42.1° 616° 391 83.9 15.3°
SEM 6.38 3.37 3.04 5.19 338 0.259
p <0.001 <0.001 0.008 0.320 0.898 <0.001
Pmax-+CoH Intake 827° 72.7° 576° 375° 784 16.72
Refusal ~ 780P 45.2° 6142 388? 79.7 15.3°
SEM 7.88 4.79 7.97 3.82 1.02 0.237
p <0.001 <0.001 <0.001 <0.001 0.351 <0.001
Pmax+PeH Intake 833? 65.32 604° 394 88.9 17.22
Refusal ~ 782° 38.9° 6172 394 88.2 15.3°
SEM 10.0 464 7.06 576 153 0.349
p <0.001 <0.001 <0.001 0.356 0.355 <0.001

Pmax: Panicum maximum C1 hay harvested at maturity stage, CoH: cowpea haulm, PeH: peanut haulm.

OM: organic matter, CP: crude protein, NDF: neutral detergent fibre, ADF: acid detergent fibre, ADL: acid detergent lignin,
GE: gross energy.

abyalues with different superscripts within the same row differ significantly at p < 0.05: comparison between all
individual diets per experiment.

eCH, emissions in g/kg LW, g/kg DMI, g/kg OMI, g/kg dDMI or g/kg dOMI
followed the same patterns.

In Exp. 2, eCH, emissions [g/d] were also lower (—14% on average, p =0.055) in LC
treatments (N = 10) compared with Pmax treatment (Table 11). This drop amounted to
19% and 10% respectively for Pmax+CoH and Pmax+PeH compared with Pmax (p =
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Table 9. Apparent digestibility of diet intake (including bait distributed by GF) by Sudanese Fulani
zebu steers (Exp. 2).

Digestibility Pmax Pmax + All legume co-products Pmax+CoH  Pmax+PeH

N animals 10 10 p 5 5 SEM p
DM 0.487 0.497 0.795 0.486 0.509 0010 0337
oM 0.523° 0.527 0.811 0.515° 0.540° 0.009  0.035
cp 0.232% 2 0.1218 0.031 0.140° 0.102¢ 0.049  <0.001
NDF 0.582" 2 0.5458 0.042 0.528° 0.562°  0.009  0.003
ADF 0.562° 0.526 0.064 0.509° 0.544? 0.009  0.005
GE 0.519° 0.518 0.962 0.507° 0.530° 0.009  0.018

Pmax: Panicum maximum C1 hay harvested at maturity stage, CoH: cowpea haulm, PeH: peanut haulm.

DM: dry matter, OM: organic matter, CP: crude protein, NDF: neutral detergent fibre, GE: gross energy.

AB . . . g . P . . .
Values with different superscripts within the same row differ significantly at p < 0.05: comparison between control diet
and combined experimental diets.

abyjalues with different superscripts within the same row differ significantly at p < 0.05: comparison between all
individual diets per experiment.

Table 10. Daily enteric methane emissions by Sudanese Fulani zebu steers (Exp. 1).

Diets RF RF+All co-products RF+MaS RF+SoS  RF+MiS  RF+RiS

N animals 10 20 p 5 5 5 5 SEM p
eCH, [g/d] 73.24 60.18 0.030 61.1 59.7 52.2 67.4 2909 0.232
eCH, [g/kg BW] 0.500 0.442 0.155  0.441 0432 0391 0503 0019 0478
eCH, [g/kg DMI]  30.6" 24.8° 0038 288 242 227 235 134 0254
eCH, [g/kg dDMI]  66.3* 52.0° 0023  62.1 474 469 51.8 303 0.132
eCH, [g/kg OMI]  33.9% 2828 0.049 330 27.0 254 27.6 149 0323
eCH, [g/kg dOMI]  67.5 55.0° 0.041 689 4938 49.1 523 316 0.151
Ym [% GEI] 9.32 7.93 0134 978 7.54 6.88 752 0434 0270

RF: dry rangeland forage harvested in hot dry season, MaS: maize straw, SoS: sorghum straw, MiS: millet straw, RiS: rice straw.

eCHy: enteric methane, BW: body weight, DMI: dry matter intake, dDMI: digestible dry matter intake, OMI: organic matter
intake, dOMI: digestible organic matter intake, GEI: gross energy intake.

AByalues with different superscripts within the same row differ significantly at p < 0.05: comparison between control diet
and combined experimental diets.

Table 11. Daily enteric methane emissions by Sudanese Fulani zebu steers (Exp. 2).

Diets Pmax Pmax-+All legume co-products Pmax+CoH  Pmax+PeH

N animals 10 10 p 5 5 SEM p
eCH, [g/d] 936 79.9 0055 756 84.3 360 0.151
eCH, [g/kg BWI 0.601 0.567 0.460 0.531 0604 0021 0288
eCH, [g/kg DMI] 28.0™ 2 2238 0007  220° 22.6° 111 0.020
eCH, [g/kg dDMI]  58.3™ 2 44.9° 0006  45.2° 44.6° 293 0.030
eCH, [g/kg OMI]  30.9%° 24.8° 0007  24.2° 25.3° 122 0019
eCH, [g/kg dOMI]  59.9* 2 46.9° 0008  47.0° 46.8° 281 0.036
Ym [% GEI] 8.48" 2 6.77° 0.006 6.70° 685" 0333 0.047

Pmax: Panicum maximum C1 hay harvested at maturity stage, CoH: cowpea haulm, PeH: peanut haulm.

eCH4: enteric methane, BW: body weight, DMI: dry matter intake, dDMI: digestible dry matter intake, OMI: organic matter
intake, dOMI: digestible organic matter intake, GEI: gross energy intake.

ABValues with different superscripts within the same row differ significantly at p < 0.05: comparison between control diet
and combined experimental diets.

abyalues with different superscripts within the same row differ significantly at p < 0.05: comparison between all
individual diets per experiment.
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0.151). CoH and PeH led to a significant drop of 21% and 19% [g/kg DMI] respectively.
The eCH, emissions in g/kg OMI, g/kg dDMI or g/kg dOMI also followed the same
patterns.

4. Discussion
4.1. Composition and nutritional quality

This study investigated the effects of feeding strategies based on typical co-products in
Sub-Saharan Africa on dry matter intake, digestibility and enteric methane emissions in
steers. The crop co-products tested in this study are among the most widely available in
West Africa ([FAO] Food and Agriculture Organization 2014) and the most commonly
used by livestock farmers in the field (Jarial et al. 2020). The LC offer high nutritional
quality compared with CC, as reported by Savadogo et al. (1999) in Burkina Faso and
Jarial et al. (2020) in Niger. The CP content values found in this study for CC are
consistent with those of Savadogo et al. (1999). Among CC, only RiS was richer in CP
than RF. The CP content of CoH is consistent with those obtained by Savadogo et al.
(1999) and Jarial et al. (2020), although these authors reported a lower CP content for
PeH than the current study.

Comparison of both control diets revealed that Pmax was richer in CP, lower in ADL
and more digestible in vitro than RF. However, Pmax had lower nutritional value than
Pmax hay (CL Orstom variety) in the early flowering stage in the dry tropics ([INRA]
Institut National de la Recherche Agronomique 2018), probably because it was harvested
at a later stage. With LC supplementation, CP content [g/kg DM] rose from less than 40
for the unsupplemented Pmax diet to 60-70. A reduction in both NDF and ADF contents
was also recorded. Although not all CC led to an improvement in CP contents, some,
namely SoS, MiS and RiS, reduced the NDF content of the diets. This shows that CC have
no adverse effects on nutritional value (Obeidat et al. 2022). These findings thus confirm
the supremacy of LC over CC as supplements to nutritionally poor diets (Mahesh and
Mohini 2014).

4.2. Diet intake and digestibility

Steers showed different levels of motivation to feed under the various experimental diets,
and this is reflected in the different DMI values [g/kg LW] recorded. Several studies have
documented the effect of crop co-products on voluntary feed intake (Sun et al. 2018;
Obeidat et al. 2022). Feed intake is regulated by a set of mechanisms involving feeding
behaviour constraints, satiation mechanisms and physiological regulation of the motiva-
tion to feed (Faverdin et al. 1997). Despite the highest CP content (and lowest fibre
contents) of RF+SoS and RF+RiS diets, only RiS supplementation leads to an increase in
DML This can be attributed to the selection made by the animals during intake, whereby
sorghum stalks were left aside (Savadogo et al. 2000) as they are heavier and richer in
fibre than leaves. Santander et al. (2023) reported that reducing fibre content in a diet
significantly increases its intake. The similar DMI values across all diets (absence of
a significant difference) in the current study could be explained by the lack of nutritional
improvement in experimental diets and the significant amounts of offered feed which
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resulted in remarkable selection. These results are consistent with those of Sun et al.
(2018) who found no effect on DMI when supplementing 30% of a poor diet with maize
stalks. The low DMI value recorded for Exp. 1 diets reflected in the high refusal rate
(>50%), is probably due to the low quality of the RF, which is a hot dry season forage
(Miiller et al. 2019) and to the presence of stalks in CC.

In Exp. 2, the experimental diets led to an increase in DMI of 11-23% [g/kg LW]. This
DMI value is consistent with that of Ngwa and Tawah (2002). Azoutane et al. (2023) also
reported an increase in DMI after including up to 30% cowpea haulms in a Brachiaria
deflexa ration. Improved DMI, which is reflected in the low refusal rate (<33%) compared
with Exp. 1, is attributable to Pmax, which is a better basic forage (CP-rich), and to
supplementation with LC, which are also richer in CP than CC. Results from this study
show that, besides concentrates that are difficult to procure, co-products such as RiS, CoH
and PeH can be effective in improving intake of poor-quality feed in ruminants. In addition,
co-products such as MaS, MiS and SoS can help to maintain feed intake levels in ruminants.

The RF diet is of low nutritional quality and both control diets have similar nutritional
qualities, save for a few parameters. Although Pmax had better chemical composition and
in vitro digestibility than RF, its supplementation with co-products had little impact on
diet DM digestibility. The recorded diets’ DM digestibility values in this study broadly
corroborate those reported by Santander et al. (2023) for diets that they described as
“higher in fibre”. Crop co-products would be provided to animals in small quantities
preventing improvement in DMd. The CC experimental diets generally showed lower
digestibility than LC experimental ones due to the development of strong physical and/or
chemical bonds between lignin and structural polysaccharides (cellulose and hemicellu-
lose) (Mahesh and Mohini 2014). The slight improvement in OMd and GEd reported in
RF+So0S and RF+RiS respectively may be linked to their slightly higher CP content. The
point was emphasised for Pmax+PeH because of its high CP content. However, this
pattern is not observed in Pmax+CoH. The quality of the protein content provided to the
Pmax+CoH diet by CoH may account for this difference (Duodu et al. 2003).
Additionally, there is an interaction between nutrients in the various feedstuffs making
up each diet, which determines its digestibility (Cao et al. 2023). Diets in Exp. 1 were of
extremely poor quality. The nil CPd values recorded in some treatments could be due to
mobilisation of body protein, with increased faecal N thanks to urea recycling through
saliva and incorporation in microbial and endogenous protein. The LC experimental
diets show low CPd values despite being of better nutritional quality than Pmax. The
CoH and PeH are known to contain tannins (Mohatla et al. 2016) which have a negative
effect on CPd (Besharati et al. 2022). The NDFd and ADFd values are lower in the
experimental diets than in their respective control diets. This could be due to the increase
in CP content in diets (Norris et al. 2021) which, while undoubtedly altering fermenta-
tion, would increase digestive transit and cause some of the fibre to be excreted.

4.3. Enteric methane emissions

One of the innovative aspects of this study is that it demonstrates the possibility of
reducing eCH, emissions through farmers’ feeding practices in a real environment, in
particular through the use of crop co-products with low nutritional value. The eCH, yield
recorded across all experimental diets (24.0 g/kg DMI on average) is in line with that
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provided by [IPCC] Intergovernmental Panel on Climate Change et al. (2019) with Tier 2
(23.3 g/kg DMI). The eCH, values of the control diets (29.3 g/kg DMI) were higher. This is
probably due to the fact that the average IPCC yield is meant for many cattle categories
and does not take account for the diversity of feed resources. Supplementation with crop
co-products led to a reduction in eCH, production, yield and intensity [g/kg LW]. In both
experiments, experimental diets (LC and CC) were more nutritious than control diets.
These differences resulted in a direct improvement in DMI and a reduction in eCH, yield.
Overall, CC lowered eCH, yield by 19% and LC by 20%. The accentuated effect of LC
experimental diets on eCH, emissions is certainly due to their higher CP content, lower
NDF content (Gaviria-Uribe et al. 2020), and higher tannin content. It is known that
supplementation with plants containing tannin mitigates eCH, (Archimede et al. 2016).
This compound is present in the CL used in the current study and the mitigation observed
can partly be linked to this compound. It is revealed that some sorghum and millet genus
contain tannin (Dykes and Rooney 2006) but there is no information on cereal straws
tannin content. The latter was not measured in this study. By differentiating experimental
diets to see if any difference could be identified between co-products, the RF+MaS diet did
not lead to a reduction in emissions. Greater reductions than those achieved in this study
were recorded by Gaviria-Uribe et al. (2020) in Colombia with the addition of a shrub
legume (Leucaena leucocephala) to a diet of Urochloa hybrid cv Cayman. The forage used
by these authors was not only harvested green, it was also slightly more nutritious than the
feed resources tested in this study. The reduction rate (/kg digestible matter) seen in Exp. 2
is higher than that reported by Soltan et al. (2013) following supplementation with
Leucaena leucocephala. The Ym values achieved for both RF and RF+MaS diets with
high NDF and ADF contents were higher than those suggested by the IPCC Tier 2 model
([IPCC] Intergovernmental Panel on Climate Change et al. 2019). However, all the other
diets in this study produced similar Ym values to those of this model. This study
demonstrates the importance of quantifying eCH, emissions induced by local ruminant
feed resources on the one hand, and highlights the capacity of local resources to contribute
to eCH, mitigation in ruminants on the other.

5. Conclusion

Feeding strategies based on crop co-products improve diet quality. The nutritional
quality of feed offered to ruminants directly influences voluntary intake and eCH,
emissions. A supplementation of the basal diet with legume co-products led to an
increase in feed intake. Among the cereal co-products tested, only rice straw led to
an improvement in diet intake. All feeding strategies, except the inclusion of maize
straw, resulted in significant eCH, yield reduction. Raising awareness among agro-
pastoralists about the use of crop co-products offers real prospects for eCH,
emissions mitigation in ruminants from the Sahel region.



ARCHIVES OF ANIMAL NUTRITION 15

Acknowledgments

The authors wish to thank Florentin SANOU, Wilfrid HOUNGUE and Saidou BOLI (CIRDES,
Burkina Faso) for their support during data collection; Yvanne ROCHETTE (INRAE, France) and
Michel OROUNLAD]JI (CIRDES, Burkina Faso) respectively for assistance with data cleansing and
analysis; and Donato Andueza (INRAE, France) for advice on spectral data.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This study was made possible through the support of the “Carbon Sequestration and greenhouse
gas emissions in (agro) Sylvopastoral Ecosystems in the sahelian CILSS States” (CaSSECS) regional
project funded by the European Union (European DeSIRA programme, under grant agreement
No. [FOOD/2019/410-169]).

ORCID

Gérard Xavier Gbenou (1) http://orcid.org/0009-0001-0032-0587
Mohamed Habibou Assouma (°) http://orcid.org/0000-0002-8163-0340
Denis Bastianelli () http://orcid.org/0000-0002-6394-5920

Laurent Bonnal (1°) http://orcid.org/0000-0001-5038-7432

CRediT authorship contribution statement

L. H. DOSSA: Conceptualisation, data collection monitoring, copy review and editing,
supervision.

G. X. GBENOU: Investigation, data collection, cleansing and analysis, original copy drafting.

M. H. ASSOUMA: Conceptualisation, data collection monitoring, data review and checking, data
analysis editing, copy review and editing.

D. BASTTANELLI: Conceptualisation, data editing, data analysis editing, copy review and editing,
supervision.

T. KIENDREBEOGO: Data collection monitoring, copy editing.

L. BONNAL: Sample analysis, copy editing.

N. ZAMPALIGRE: Conceptualisation.

B. BOIS: Data and copyediting.

S. SANOGO: Data collectionmonitoring.

O. SIB: Data collection monitoring, copy editing, supervision.

C. MARTIN: Conceptualisation, data cleansing and editing, editing, supervision.

References

Amole T, Augustine A, Balehegn M, Adesogoan AT. 2021. Livestock feed resources in the West
African Sahel. Agr Jrn. 114:26-45. doi: 10.1002/agj2.20955.

Archimede H, Rira M, Barde DJ, Labirin F, Marie-Magdeleine C, Calif B, Periacarpin F, Fleury J,
Rochette Y, Morgavi DP, Doreau M. 2016. Potential of tannin-rich plants, Leucaena leucoce-
phala, Glyricidia sepium and Manihot esculenta, to reduce enteric methane emissions in sheep.
J Anim Physiol Anim Nutr (Berl). 100:1149-1158. doi: 10.1111/jpn.12423.


https://doi.org/10.1002/agj2.20955
https://doi.org/10.1111/jpn.12423

16 (&) G.X.GBENOU ET AL.

Assouma MH, Lecomte P, Corniaux C, Hiernaux P, Ickowicz A, Vayssieres J. 2019. Pastoral
landscapes in the Sahel: a carbon balance with unexpected potential for climate change
mitigation. Perspective. 52:1-4. https://hal.science/cirad-02384064.

Aufrere ], Baumont R, Delaby L, Peccatte JR, Andrieu J, Andrieu J-P, Dulphy JP. 2007. Laboratory
prediction of forage digestibility by the pepsin-cellulase method. The renewed equations. INRA
Prod Anim. 20:129-136. doi: 10.20870/productions-animales.2007.20.2.3445.

Azoutane J, Oumar MK, Tellah M, Mama M, Miegoue E, Camara S, Defang HF, Tendonkeng F.
2023. In vivo digestibility of Brachiaria deflexa and Echinocloa colona supplemented with
cowpea haulms in sahelian goats. Anim Vet Sci. 11:30-37. doi: 10.11648/j.avs.20231102.11.

Besharati M, Maggiolino A, Palangi V, Kaya A, Jabbar M, Eseceli H, De Palo P, Lorenzo JM. 2022.
Tannin in ruminant nutrition: Review. Molecules. 27:8273. doi: 10.3390/molecules27238273.

Cao H, Huang Q, Wang C, Guan X, Huang K, Zhang Y. 2023. Effect of compositional interaction
on in vitro digestion of starch during the milling process of quinoa. Food Chem. 403:134372.
doi: 10.1016/j.foodchem.2022.134372.

Coppa M, Jurquet J, Eugéne M, Dechaux T, Rochette Y, Lamy ], Ferlay A, Martin C. 2021.
Repeatability and ranking of long-term enteric methane emissions measurement on dairy
cows across diets and time using GreenFeed system in farm-conditions. Methods. 186:59-67.
doi: 10.1016/j.ymeth.2020.11.004.

de Mendiburu F. 2023. Agricolae: Statistical procedures for agricultural research. R package
version 1.3-6. https://cran.r-project.org/web/packages/agricolae/agricolae.pdf.

Duodu KG, Taylor JRN, Belton PS, Hamaker BR. 2003. Factors affecting sorghum protein
digestibility. ] Cereal Sci. 38:117-131. doi: 10.1016/S0733-5210(03)00016-X.

Dykes L, Rooney LW. 2006. Sorghum and millet phenols and antioxidants. ] Cereal Sci. 44:236.
doi: 10.1016/j.jcs.2006.06.007.

[FAO] Food and Agriculture Organization. 2014. Crop residues and agro-industrial by-products
in West Africa: Situation and way forward for livestock production. Rome. p. 73.

Faverdin P, Agabriel ], Bocquier F, Ingrand S. 1997. Maximize roughage intake: animal and
management factors. Renc Rech Rum. 4:65-74.

Gaviria-Uribe X, Bolivar DM, Rosenstock TS, Molina-Botero IC, Chirinda N, Barahona R,
Arango J. 2020. Nutritional quality, voluntary intake and enteric methane emissions of diets
based on novel cayman grass and its associations with two leucaena shrub legumes. Front Vet
Sci. 7:579189. doi: 10.3389/fvets.2020.579189.

Gbenou GX, Assouma MH, Zampaligre N, Martin C, Bastianelli D, Bonnal L, Kiendrebeogo T,
Sib O, Bois B, Sanogo S, Dossa LH. 2024. Mesurer, prédire et réduire les émissions de méthane
entérique en Afrique subsaharienne. INRAE Prod Anim. 37:7648. doi: 10.20870/productions-
animales.2024.37.1.7648.

Hassoun P, Portes D, Arles S, Parisot S. 2022. Estimation of the intake capacity of Lacaune dairy
ewes at maintenance. Small Rum Res. 217:106862. doi: 10.1016/j.smallrumres.2022.106862.

Hiernaux P, Le Houerou HN. 2006. The rangelands of the Sahel. Sécheresse. 17:51-71.

Horvath KC, Brocious AN, Miller-Cushon EK. 2021. Effects of forage presentation and addition of
molasses-based liquid feed on dairy calf dietary selection and feed sorting of mixed diets. ] Dairy
Sci. 104:9052-9062. doi: 10.3168/jds.2021-20422.

[INRA] Institut National de la Recherche Agronomique. 2018. INRA feeding system for rumi-
nants: specific feeding of ruminant in hot regions. Versailles, France, 640p. Editions Quee. doi:
10.3920/978-90-8686-292-4.

[IPCC] Intergovernmental Panel on Climate Change, edited by Calvo Buendia, E., Tanabe, K.,
Kranjc, A., Baasansuren, J., Fukuda, M., Ngarize, S., Osako, A., Pyrozhenko, Y., Shermanau, P.,
et al,, 2019. 2019 Refinement to the 2006 IPCC guidelines for national greenhouse gas inven-
tories. Switzerland: IPCC, ISBN 978-4-88788-232-4.

Jarial S, Blummel M, Kvsv P, Ravi D. 2020. Crop residues comparative price and quality analysis in
West Africa - a case from Niger. Plant Arch. 20:6181-6186.

Mahesh MS, Mohini M. 2014. Crop residues for sustainable livestock production. ] Adv Dairy Res.
2:€108. doi: 10.4172/2329-888X.1000e108.


https://hal.science/cirad-02384064
https://doi.org/10.20870/productions-animales.2007.20.2.3445
https://doi.org/10.11648/j.avs.20231102.11
https://doi.org/10.3390/molecules27238273
https://doi.org/10.1016/j.foodchem.2022.134372
https://doi.org/10.1016/j.ymeth.2020.11.004
https://cran.r-project.org/web/packages/agricolae/agricolae.pdf
https://doi.org/10.1016/S0733-5210(03)00016-X
https://doi.org/10.1016/j.jcs.2006.06.007
https://doi.org/10.3389/fvets.2020.579189
https://doi.org/10.20870/productions-animales.2024.37.1.7648
https://doi.org/10.20870/productions-animales.2024.37.1.7648
https://doi.org/10.1016/j.smallrumres.2022.106862
https://doi.org/10.3168/jds.2021-20422
https://doi.org/10.3920/978-90-8686-292-4
https://doi.org/10.3920/978-90-8686-292-4
https://doi.org/10.4172/2329-888X.1000e108

ARCHIVES OF ANIMAL NUTRITION 17

Manafiazar G, Zimmerman S, Basarab JA. 2017. Repeatability and variability of short-term spot
measurement of methane and carbon dioxide emissions from beef cattle using GreenFeed
emissions monitoring system. Can ] Anim Sci. 97:118-126. doi: 10.1139/CJAS-2015-0190.

Mane MA, Bhagawati P, Bano N. 2023. Evaluating the effects of forage quality on sheep produc-
tivity and meat quality. Revista electrénica de Veterinaria. 24:449-460.

Mohatla K, Mokoboki K, Sebola N, Jacob M. 2016. Chemical composition and dry matter yield of
cowpea (Vigna unguiculate L Walp) haulms as fodder for ruminants. ] Hum Ecol. 56:77-83. doi:
10.1080/09709274.2016.11907040.

Miiller L, Samuels MI, Cupido CF, Swarts MBV, Amary NM, Hattas D, Morris C, Cyster LF,
Boatwright JS. 2019. The impacts of season and livestock management strategy on the quality of
diets selected by goats and sheep in the semi-arid rangelands of Namaqualand, South Africa. Afr
J Range For Sci. 36:105-114. doi: 10.2989/10220119.2018.1552622.

Ngwa AT, Tawah CL. 2002. Effect of supplementation with leguminous crop residues or concen-
trates on the voluntary intake and performance of Kirdi sheep. Trop Anim Health Prod.
34:65-73. doi: 10.1023/A:1013789929102.

Norris AB, Tedeschi LO, Foster JL, Muir JP, Pinchak WE, Fonseca MA. 2021. Influence of
quebracho tannin extract fed at differing rates within a high-roughage diet on the apparent
digestibility of dry matter and fiber, nitrogen balance, and fecal gas flux. Anim Feed Sci Technol.
S0377-8401:30819-3. doi: 10.1016/j.anifeedsci.2019.114365.

Obeidat BS, Ata M, Al-Lataifeh F. 2022. Influence of corn stover on the growth and blood
parameters of Awassi lambs fed a concentrate diet. Ital ] Anim Sci. 21:702-707. doi: 10.1080/
1828051X.2022.2057242.

R Core Team. 2021. R: a language and environment for statistical computing. Vienna, Austria:
R Foundation for Statistical Computing. URL https://www.R-project.org/.

Sanon HO, Some/Sanou S, Obulbiga MF, Oubda FA, Bamouni I. 2018. Analysis of the structure
and operation of the forage sector in the cities of Ouagadougou and Bobo-Dioulasso. Int J Biol
Chem Sci. 12:1247-1259. doi: 10.4314/ijbcs.v12i3.14.

Santander D, Clariget ], Banchero G, Alecrim F, Simon Zinno C, Mariotta J, Gere J, Ciganda VS.
2023. Beef steers and enteric methane: reducing emissions by managing forage diet fiber
content. Animals. 13:1177. doi: 10.3390/ani13071177.

Savadogo M, Zemmelink G, Keulen HV, Nianogo A]J. 1999. Contribution des résidus de récoltes a
lalimentation des ruminants dans différentes zones agro-écologiques du Burkina Faso. Rev Elev
Med Vet Pays Trop. 52:255-263. doi: 10.19182/remvt.9672.

Savadogo M, Zemmelink G, Nianogo AJ. 2000. Effect of selective consumption on voluntary intake
and digestibility of sorghum (Sorghum bicolor L. Moench) stover, cowpea (Vigna unguiculata
L. Walp.) and groundnut (Arachis hypogaea L.) haulms by sheep. Anim Feed Sci Technol.
84:265-277. doi: 10.1016/S0377-8401(00)00115-2.

Soltan YA, Morsy AS, Sallam SMA, Lucas RC, Louvandini H, Kreuzer M, Abdalla AL. 2013.
Contribution of condensed tannins and mimosine to the methane mitigation caused by feeding
Leucaena leucocephala. Arch Anim Nutr. 67:169-184. doi: 10.1080/1745039X.2013.801139.

Sun L, Yin Q, Gentu G, Xue Y, Hou M, Liu L, Jia Y. 2018. Feeding forage mixtures of alfalfa hay
and maize stover optimizes growth performance and carcass characteristics of lambs. Anim Sci
J. 89:359-366. doi: 10.1111/asj.12928.

Van Soest PJ, Robertson JB, Lewis BA. 1991. Methods for dietary fiber, neutral detergent fiber, and
nonstarch polysaccharides in relation to animal nutrition. J Dairy Sci. 74:3583-3597. doi: 10.
3168/jds.S0022-0302(91)78551-2.


https://doi.org/10.1139/CJAS-2015-0190
https://doi.org/10.1080/09709274.2016.11907040
https://doi.org/10.1080/09709274.2016.11907040
https://doi.org/10.2989/10220119.2018.1552622
https://doi.org/10.1023/A:1013789929102
https://doi.org/10.1016/j.anifeedsci.2019.114365
https://doi.org/10.1080/1828051X.2022.2057242
https://doi.org/10.1080/1828051X.2022.2057242
https://www.R-project.org/
https://doi.org/10.4314/ijbcs.v12i3.14
https://doi.org/10.3390/ani13071177
https://doi.org/10.19182/remvt.9672
https://doi.org/10.1016/S0377-8401(00)00115-2
https://doi.org/10.1080/1745039X.2013.801139
https://doi.org/10.1111/asj.12928
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3168/jds.S0022-0302(91)78551-2

	Abstract
	1. Introduction
	2. Material and methods
	2.1. Study area
	2.2. Animals, feed, and experimental design
	2.3. Measurements
	2.3.1. Body weight, intake, and digestibility
	2.3.2. Enteric methane emissions

	2.4. Feed and faeces chemical composition
	2.5. Data processing
	2.5.1. Data pre-processing and parameter calculation

	2.6. Statistical analysis

	3. Results
	3.1. Chemical composition of diets
	3.2. Diet intake and digestibility
	3.3. Enteric methane emissions

	4. Discussion
	4.1. Composition and nutritional quality
	4.2. Diet intake and digestibility
	4.3. Enteric methane emissions

	5. Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	CRediT authorship contribution statement
	References

