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Abstract

This study aimed to determine the seasonal variation in chemical composition, metabolizable energy (ME) 
concentration, in vitro gas production patterns, in vitro organic matter digestibility (IVOMD) and in vitro true organic 
matter digestibility (IVTOMD) of foliage from 5 native shrub species (Celtis pallida, Croton suaveolens, Forestiera 
angustifolia, Guaiacum angustifolium and Parkinsonia aculeata) growing in semi-arid areas of northeastern Mexico 
between July 2018 and June 2019 at 2 research sites. Crude protein (CP) concentrations (>13.2 % DM) found in leaf 
material should meet or exceed the requirements for maintenance of small ruminants; C. pallida provided the highest 
CP% (20.8‒29.3 %). While CP% varied with season and site, species had a greater effect than either of those factors 
overall. ME concentrations ranged between 1.2 and 2.0 Mcal/kg DM. Neutral detergent fiber and acid detergent 
fiber concentrations ranged from 29.8 to 51.7 % DM and 9.8 to 33.0 % DM, respectively. Data obtained for IVOMD 
(34.5‒58.8 %) and IVTOMD (64.1‒88.7 %) demonstrate the high nutritive potential of leaf of browse species under 
study, especially C. pallida, as useful feed supplements for small ruminants in the semi-arid region of northeastern 
Mexico. Further studies could examine DM yields of browse from the various species, acceptance by small ruminants 
and their sustainability under regular defoliation by grazing animals.
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Resumen

Este estudio tuvo como objetivo determinar la variación estacional en la composición química, concentración de 
energía metabolizable (EM), parámetros de producción de gas in vitro, digestibilidad in vitro de la materia orgánica 
(DMO) y la digestibilidad verdadera in vitro de la materia orgánica (DVIVMO) del follaje de 5 especies arbustivas 
nativas (Celtis pallida, Croton suaveolens, Forestiera angustifolia, Guaiacum angustifolium y Parkinsonia aculeata) 
que crecen en las regiones semiáridas del noreste de  México, en dos sitios, entre julio del 2018 y julio del 2019. 
La concentración de proteína cruda (PC) (>13.2 % de MS) que se encontraron en el material foliar cumple o supera 
los requisitos para el mantenimiento de los pequeños rumiantes. C. pallida presento el contenido de PC % más alto 
(20.8‒29.3 %). Si bien el % de PC varió con la estación y el sitio, las especies tuvieron un efecto mayor que cualquiera 
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de de los otros dos factores. Las concentraciones de EM oscilaron entre 1.2 y 2.0 Mcal/kg MS. Las concentraciones de 
fibra detergente neutra (FDN) y fibra detergente ácida (FDA) oscilaron entre 29.8 y 51.7 % de MS y entre 9.8 y 33.0 % de 
MS, respectivamente. Los datos obtenidos para DMOIV (34.5‒58.8 %) y DVMOIV (64.1‒88.7 %) demostraron el alto 
potencial nutritivo de las hojas de las especies arbustivas en este estudio, especialmente C. pallida, como un suplemento 
alimenticio útil para pequeños rumiantes en las regiones semiáridas del noreste de México. Futuros estudios podrían 
examinar los rendimientos de MS bajo condiciones de ramoneo de diversas especies, así como su aceptación por parte 
de los pequeños rumiantes y su sostenibilidad bajo defoliación frecuente por animales en pastoreo.

Palabras clave: Composición química, digestibilidad, estación; producción de gas, ramoneo, rumiantes.

Introduction

Shrub species have an important role as feed resources 
for small ruminants in arid and semi-arid agro-pastoral 
areas and rangelands (Cerrillo et al. 2006; Habib et al. 
2016; Oliveira et al. 2018). The leaves of browse shrubs 
can be used as protein and fiber supplements by small 
ruminants grazing according to the season and fodder 
availability in the rangeland, especially during dry 
seasons in extensive areas, such as semi-arid regions of 
northeastern México (Foroughbakhch et al. 2013). Pal 
et al. (2015) and Piñeiro-Vázquez et al. (2017) reported 
that leaves of some shrubs and fodder trees may also 
lower methane production and contribute to methane 
mitigation in small-ruminant production systems in 
developing countries. However, leaves of leguminous 
trees and shrubs contain a wide range of plant secondary 
compounds (PSCs), which can represent a challenge 
to their value as feed resources (Ramı́rez et al. 2000) 
by limiting digestibility of metabolizable energy and 
protein (Camacho et al. 2010). On the other hand Soliva 
et al. (2008) argued that these components did not affect 
protein degradation of tropical foliage from shrubs and 
trees to an excessive extent.

Since chemical analysis does not reflect the effects of 
these PSCs, it is important to choose additional methods 
of analysis to assess the nutritional quality of native 
shrubs in rangelands. In vitro gas production, measured 
using pressure transducers and gas syringes (Getachew 
et al. 2005), can be used to quantify the nutritional 
quality of foliage of shrubs and fodder trees (Larbi et al. 
1998). It is sensitive to the presence of PSCs in foliage 
(Sebata et al. 2011), since those compounds, such as 
condensed tannins (CT), in browse species could limit 
in vitro fermentation (Guerrero et al. 2012a). The DaisyII 

incubator is adaptable and efficient in determining 
forage digestibility (Holden 1999) and is reliable when 
compared with in sacco tests, but with a minimal number 
of ruminants needed as rumen liquor donors (Buthelezi 
et al. 2019).

Native shrub species grown in the Tamaulipan 
thornscrub plant ecosystem, in northeastern Mexico, 
have been studied to determine their potential as a 
source of minerals, protein and digestible dry matter 
for small ruminants (Domínguez-Gómez et al. 2011; 
Guerrero-Cervantes et al. 2012b; Chávez-Espinoza et 
al. 2020). However, to date there is limited information 
about the kinetics of ruminal fermentation, as well 
as the metabolizable energy of browse species 
throughout the year. Thus, the objectives of this study 
were to determine seasonal chemical composition, 
metabolizable energy (ME), in vitro fermentation 
parameters, in vitro organic matter digestibility (OMD) 
and in vitro true organic matter digestibility (IVTOMD) 
plus nutritional potential for small ruminants, of foliar 
tissue of common native shrub species in northeastern 
México, including Celtis  pallida Torr. (Cannabaceae), 
Croton  suaveolens Torr. (Euphorbiaceae), Forestiera 
angustifolia Torr. (Oleaceae), Guaiacum  angustifolium 
Engelm. (Zygophyllaceae) and Parkinsonia aculeata L. 
(Leguminosae).

Materials and Methods

Study research sites

The research was carried out at 2 sites in the counties of 
Linares and Los Ramones, state of Nuevo León, Mexico, 
briefly described as follows:

Site 1 - Linares: Located in the Experimental 
Campus of the School of Forest Sciences, Universidad 
Autónoma de Nuevo León, in Linares County (24°47'45" 
N, 99°32'31" W; 350 masl). The climate is semi-arid 
and subtropical with a warm summer (González-
Rodríguez et al. 2004). Average air temperature during 
the experimental period varied from 14.1 °C in January 
to 30.4 °C in August and 554 mm rainfall was received.

Site 2 - Los Ramones: Located in "El Abuelo Ranch" 
in Los Ramones County (25°39'46" N, 99°27'51" W; 200 
masl). The climate is semi-arid with a warm summer 
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(González-Rodríguez et al. 2004). Average monthly air 
temperature during the study ranged from 14.3 °C in 
January to 31.5 °C in August and rainfall was 667 mm.

Foliage sampling and preparation

At each site, 3 representative experimental plots (50 × 50 
m) were randomly demarcated without disturbance, and both 
young and mature leaves of Celtis pallida, Croton suaveolens, 
Forestiera angustifolia, Guaiacum  angustifolium and 
Parkinsonia aculeata were randomly and manually 
collected, at a browsing height of 1.5 m from 5 representative 
plants (repetitions) of each species in each plot. Leaves 
were sampled monthly in summer (June and August 2018 
and July 2019), autumn (October‒November 2018), winter 
(December 2018‒February 2019) and spring (March‒May 
2019). The collected leaf tissue was transferred to the 
Chemistry Laboratory of the School of Forest Sciences, 
where samples were partially dried at 55 °C for 24 h using 
a forced-air oven (Felisa®, Model FE-292AD, Mexico). 
Thereafter, leaf tissue was ground in a Thomas Wiley mill 
(Thomas Scientific Apparatus, Model 3383, USA) using a 
No. 60 mesh (1 × 1 mm) and stored in zip-lock plastic bags.

Chemical analyses

Ground leaf tissue was dried at 100 °C for 24 h in a 
forced-air oven. Organic matter (OM%) was determined 
by incinerating a dried sample at 550 °C for 3.5 h in 
a furnace (Thermo Scientific, Model F48010, USA), 
(Method no. 942.05; AOAC 2011); crude protein (CP%) 
from N concentration, obtained by a CHNS/O analyzer 
(2400 series II, Perkin Elmer) (Method no. 990.03; AOAC 
2011); neutral detergent fiber (NDF%), acid detergent 
fiber (ADF%) and lignin (%) according to procedures 
described by Van Soest et al. (1991); and ether extract 
(EE%) by extracting lipids with petroleum ether, using 
an AnkomXT15 extractor (AOCS AM 5-04). All analyses 
were performed in triplicate.

In vitro gas production determinations

In vitro gas production of collected leaf tissue was 
determined at the School of Veterinary Medicine, 
Universidad Juárez del Estado de Durango, Durango, 
Mexico, using the technique proposed by Menke 
and Steingass (1988). Briefly, 500 mg DM samples in 
triplicate were placed in 100 mL calibrated glass syringes. 
Ruminal fluid was collected from 3 rumen-fistulated 
Dorper wethers (45 kg body weight), fed with alfalfa hay 

and commercial concentrate (75:25, respectively). To 
prepare the inoculum, ruminal liquid was mixed with 
a sodium buffer solution and ammonium bicarbonate 
(35 g NaHCO3 and 4 g NH4HCO3 per liter) in a ratio of 
1:2 (v/v). Each syringe was inoculated with 40 mL of 
this buffer solution and placed in an upright position in 
a water bath at 39 °C. Three syringes containing only 
40 mL of inoculum served as Controls. Gas production 
was registered at 0, 3, 6, 9, 12, 24, 48, 72 and 96 h after 
inoculation. Data were adjusted using the non-linear 
equation proposed by Orskov and McDonald (1979), 
p = a + b (1-ect), and effective degradability of DM 
(EDDM) was calculated using the equation proposed 
by McDonald (1981), EDDM = (a+b) c/(c+k) (e-(ct)LT), 
where:

p is the gas produced at time ‘t’;
a is gas production from the immediately soluble 

fraction (mL); 
b is gas production from the insoluble fraction (mL); 
c is gas production rate constant for the insoluble fraction (b); 
t is incubation time (h);
k is the rumen outflow rate assumed to be 0.05/h, i.e. 

5 %/h; and
LT is the lag time (h).
Since in vitro production of gas is proportional 

to degraded DM (Menke et al. 1979), net gas yield 
at 24-h incubation of the substrate (mL/200 mg DM) 
was used to calculate metabolizable energy (ME) and 
in vitro organic matter digestibility (OMD%), using 
equations proposed by Menke et al. (1979) and Menke 
and Steingass (1988), respectively:

ME (Mcal/kg DM) = [2.20 + 0.136(GP24h) + 0.057(CP) 
+ 0.0029(EE2)]/4.184 and OMD (%) = 14.88 + 0.889 × 
GP24h + 0.45 × CP + 0.0651 × ash,

where: 
GP24h = gas production after 24 h of incubation (mL 

gas/200 mg DM);
CP = crude protein (% DM); 
EE = ether extract (% DM); and
ash = ash concentration (%).

In vitro true organic matter digestibility

In vitro true organic matter digestibility (IVTOMD) 
was determined using a DaisyII incubator (ANKOM 
Technology, Macedon, NY, USA) in the Laboratory 
of Animal Nutrition and Feed Quality at the School of 
Agronomy, Universidad Autónoma de Nuevo León, 
Mexico. Foliar samples (approximately 250 mg DM), in 
triplicate, were placed in multilayer polyester filter bags 
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(F57; 5.0 × 5.5 cm, ANKOM Technology Corp., Macedon, 
NY, USA) previously washed with acetone and dried in a 
forced-air oven at 60 °C for 2 h. Inoculum was prepared by 
diluting ruminal fluid from 2 Saint Croix wethers, provided 
with a ruminal cannula and fed a concentrate:forage ration 
(80:20) (not containing foliar tissue from the studied 
browse species), with a buffer solution in a ratio of 1:4. 
Inoculum was added to jars containing the filter bags, 
which were purged with CO2 and placed in an incubator for 
48 h at 39 °C. Jars were then removed from the incubation 
chamber and the bags were washed with distilled water. 
Thereafter, the bags were placed in the Ankom200 fiber 
analyzer (ANKOM Technology Corp., Macedon, NY, 
USA) and treated with neutral detergent solution for 75 
min, according to the manufacturer's specifications and 
guidelines. The bags were rinsed with hot water and 
acetone, before being dried at 55 °C for 24 h. IVTOMD 
was calculated as the difference between OM incubated 
and residue after neutral detergent treatment.

Environmental variables

To measure temperature and precipitation at each site, 
automated HOBO sensors (HOBO Pro Temp/RH Series, 
Forestry Suppliers Inc., Jackson, MS, USA) were used to 
record environmental variables such as relative humidity 
(%) and air temperature (°C) every hour. Daily rainfall 
(mm) was measured using a Davis brand automated rain 
gauge, connected to a HOBO Event Onset recorder.

Statistical analyses

The effects of site (2), season (4) and species as well as 
their double (site × season, site × species and season × 
species) and triple (site × season × species) interactions 
on chemical analyses, in vitro gas production parameters 
and digestibility data were determined via analysis of 
variance using a completely randomized design with 
a factorial arrangement (Montgomery 2004). Pearson 
correlation analyses were performed between chemical 
composition, digestibility and environmental variables 
recorded during the experimental period. The SPSS 

(Statistical Package for the Social Sciences) software 
package (Version 22.0 for Windows, SPSS Inc., Chicago, 
IL, USA) was used for all statistical analyses.

Results

The effects of season, site and species and their respective 
double and triple interactions on OM, NDF, ADF, lignin, 
CP and EE concentrations are shown in Table 1. OM, 
NDF, ADF, lignin, CP and EE concentrations were 
significantly affected (P<0.05) by both season and species 
(P<0.001). The interaction season × site was significant 
(P<0.05) for only lignin and CP concentrations, 
while the interaction season × species was significant 
(P<0.001) for all chemical components. Interaction site 
× species was significant (P<0.001) for OM, NDF, ADF 
and EE concentrations. For triple interaction, season × 
site × species, significant differences were found for OM 
(P<0.001) and NDF (P<0.05) concentrations.

While there was marked variation between species 
at all sites in most seasons, overall C. pallida showed 
consistently lowest OM concentration, followed by 
G. angustifolium, with the remaining species higher. 
On the other hand, C. pallida showed the highest CP 
concentration of all species in summer and autumn. 
Overall CP% was highest in autumn (seasonal mean 
26.0 %) and lowest in summer (19.7 %). Overall OMD 
was highest in spring (49.3  %) and lowest in summer 
(41.4  %), while IVTOMD did not vary markedly 
between seasons. (75.3‒76.7 %) (Table 2). C. pallida was 
consistently highest for both parameters.

The 96-h cumulative in vitro gas production (GP96) 
patterns for the 5 shrub species during summer, 
autumn, winter and spring at the 2 research sites are 
shown in Figure 1. Overall, GP96 values in spring 
samples were higher than in other seasons, while 
C.  pallida consistently registered the highest, and 
G.  angustifolium the lowest gas production values. 
P.  aculeata consistently had highest gas production 
during the first 12 hours of incubation, while C pallida, 
C. suaveolens and F. angustifolia produced much more 
gas during the following 36 hours.
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Table 1. Chemical composition (% DM; n = 9) of leaves from 5 shrub species collected at 2 sites in each season during 2018‒2019.
Season Species OM1 NDF ADF Lignin CP4 EE

S12 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

Summer C. pallida 80.2 79.4 46.5 51.3 11.0 12.2 2.3 2.7 20.9 24.5 2.7 3.0

C. suaveolens 93.0 91.8 41.5 38.9 23.5 22.3 5.8 5.5 16.3 17.8 3.1 2.3

F. angustifolia 92.2 93.3 29.8 31.3 15.8 16.1 7.6 8.6 13.4 16.2 2.2 2.1

G. angustifolium 83.0 86.3 39.6 39.3 26.0 25.4 14.3 15.2 20.9 21.3 3.6 5.6

P. aculeata 90.4 92.4 45.3 48.9 27.4 30.1 9.6 9.5 18.2 18.8 3.0 2.7

Site mean 87.8 88.6 40.5 41.9 20.8 21.2 7.9 8.3 18.0 19.7 2.9 3.1

s.e.m. 0.3 0.3 0.8 0.8 0.4 0.4 0.3 0.3 0.6 0.6 0.1 0.1

Season mean 88.2 41.2 21.0 8.1 18.8 3.0

s.e.m. 0.2 0.6 0.3 0.2 0.2 0.1

Autumn C. pallida 79.1 79.0 44.4 50.8 11.7 10.7 2.4 2.2 29.3 29.2 2.3 2.8

C. suaveolens 91.7 91.7 48.0 40.9 24.6 26.3 7.3 9.2 25.7 25.9 1.4 1.4

F. angustifolia 93.3 93.2 37.5 38.9 17.7 18.3 8.6 10.1 22.9 23.5 2.5 2.0

G. angustifolium 81.0 85.2 36.6 41.1 24.7 24.6 14.7 14.1 23.7 26.7 4.8 6.0

P. aculeata 90.4 92.8 44.3 49.6 25.5 29.0 9.1 10.7 24.9 27.6 2.4 1.9

Site mean 87.1 88.4 42.1 44.3 20.9 21.8 8.4 9.2 25.3 26.6 2.7 2.8

s.e.m. 0.3 0.3 0.8 0.8 0.4 0.4 0.3 0.3 0.6 0.6 0.1 0.1

Season mean 87.7 43.2 21.3 8.8 26.0 2.8

s.e.m. 0.2 0.6 0.3 0.2 0.2 0.1

Winter C. pallida 76.7 78.7 32.0 47.0 9.9 10.2 2.2 1.9 24.5 20.8 1.8 1.9

C. suaveolens 91.8 92.3 40.4 39.6 22.8 22.1 8.7 7.4 23.4 21.0 1.6 1.7

F. angustifolia 92.2 91.5 34.7 32.1 17.9 16.3 9.2 7.9 20.6 18.1 1.8 1.9

G. angustifolium 82.5 82.4 37.9 34.6 24.1 21.6 13.8 12.7 23.1 22.6 5.0 5.1

P. aculeata 91.3 93.6 47.5 51.5 28.3 33.0 10.2 11.7 21.7 23.8 2.3 2.4

Site mean 86.9 87.7 38.5 40.9 20.6 20.6 8.8 8.3 22.7 21.3 2.5 2.6

s.e.m. 0.3 0.3 0.8 0.8 0.4 0.4 0.3 0.3 0.6 0.6 0.1 0.1

Season mean 87.3 39.7 20.6 8.6 22.0 2.5

s.e.m. 0.2 0.6 0.3 0.2 0.2 0.1

Spring C. pallida 78.2 81.1 38.5 46.8 9.8 10.4 2.0 1.6 23.4 22.1 2.2 2.0

C. suaveolens 91.9 92.0 41.6 43.9 21.9 18.2 5.5 4.5 24.5 23.6 2.7 2.5

F. angustifolia 93.9 93.7 36.2 34.6 20.3 19.3 12.0 11.3 12.8 13.6 2.0 2.1

G. angustifolium 89.1 89.9 40.8 35.3 26.7 23.0 14.1 12.5 21.9 21.6 2.7 3.1

P. aculeata 94.0 94.4 46.2 51.7 24.3 29.1 7.4 8.5 26.3 19.5 2.8 2.3

Site mean 89.4 90.2 40.7 42.5 20.6 20.0 8.2 7.7 21.8 20.0 2.5 2.4

s.e.m. 0.3 0.3 0.8 0.8 0.4 0.4 0.3 0.3 0.6 0.6 0.1 0.1

Season mean 89.8 41.6 20.3 7.9 20.9 2.4

s.e.m. 0.2 0.6 0.3 0.2 0.2 0.1

Factors 
P-value

Season <.001 <.001 0.047 0.002 <.001 <.001

Site <.001 0.001 0.453 0.763 0.955 0.384

Species <.001 <.001 <.001 <.001 <.001 <.001

Season × Site 0.754 0.922 0.238 0.020 0.006 0.657

Season × Species <.001 <.001 <.001 <.001 <.001 <.001

Site × Species <.001 <.001 <.001 0.057 0.891 <.001

Season × Site × Species <.001 0.009 0.176 0.143 0.120 0.069
1OM = organic matter; NDF = neutral detergent fiber; ADF = acid detergent fiber; CP = crude protein; EE = ether extract.
2S1 = Site 1 (Linares); S2 = Site 2 (Los Ramones).
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Table 2. In vitro gas production at 24 h of incubation (mL/200 mg DM), metabolizable energy (Mcal/kg DM), gas production 
parameters (a, b, c, a+b and EDDM/500 mg DM), in vitro organic matter digestibility (g/100 g) and in vitro true organic matter 
digestibility (g/100 g) of leaves of 5 shrub species (n = 9) collected at 2 sites for each season of the year during 2018‒2019.
Season / Species GP24

1 ME (a) (b) (a+b) (c) EDDM IVOMD IVTOMD
S12 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

Summer
C. pallida 26.8 24.5 1.7 1.7 -20.5 -19.2 137.3 122.5 116.8 103.3 0.05 0.04 41.4 35.1 49.4 49.1 85.2 84.5
C. suaveolens 23.3 18.5 1.5 1.4 -11.8 -9.0 123.3 107.3 111.6 98.3 0.04 0.03 38.7 30.6 43.4 39.9 71.1 73.4
F. angustifolia 14.6 13.4 1.2 1.2 1.5 1.9 125.8 137.6 128.7 139.5 0.02 0.01 30.1 26.9 34.4 34.5 77.9 78.3
G. angustifolium 14.3 12.0 1.3 1.2 -6.9 -6.4 58.7 55.2 51.8 48.8 0.07 0.06 24.7 20.3 38.1 36.0 76.1 75.1
P. aculeata 23.8 22.8 1.6 1.5 -3.9 -0.7 82.5 76.4 78.7 75.7 0.07 0.07 42.6 42.2 44.8 44.0 72.3 69.9
Season mean 19.4 1.42 -7.5 102.7 95.3 0.05 33.3 41.4 76.4
s.e.m. 0.6 0.0 0.5 1.4 1.4 0.00 1.0 0.6 0.4

Autumn
C. pallida 14.2 20.3 1.4 1.6 -12.9 -15.9 124.1 110.5 111.2 94.5 0.02 0.04 24.8 29.6 42.1 47.5 83.4 84.2
C. suaveolens 18.7 16.7 1.5 1.4 -6.3 -4.1 100.3 90.0 94.0 85.9 0.03 0.03 31.5 29.3 43.6 41.9 68.9 66.2
F. angustifolia 14.2 16.6 1.3 1.4 3.2 8.4 141.1 130.9 144.9 138.5 0.01 0.01 27.8 32.1 38.2 40.7 75.2 77.4
G. angustifolium 12.6 13.4 1.3 1.4 -3.0 -1.8 51.0 50.9 48.0 49.2 0.05 0.05 22.1 23.1 38.0 39.8 79.0 78.3
P. aculeata 20.5 16.9 1.5 1.5 -3.4 2.6 83.1 78.8 79.7 82.2 0.05 0.04 36.6 32.6 45.0 42.8 72.7 68.3
Season mean 16.4 1.42 -3.3 96.1 92.8 0.03 28.9 42.0 75.3
s.e.m. 0.6 0.0 0.5 1.4 1.4 0.00 1.0 0.6 0.4

Winter
C. pallida 29.4 36.8 1.8 2.0 -14.1 -18.9 118.1 132.3 104.0 113.3 0.05 0.07 46.9 55.8 53.6 58.3 88.2 88.7
C. suaveolens 26.5 31.4 1.7 1.8 -8.7 -9.1 112.8 116.4 104.1 107.3 0.05 0.05 46.3 50.6 49.5 52.7 71.1 70.2
F. angustifolia 19.6 22.0 1.4 1.5 3.0 5.9 120.5 114.2 123.5 120.1 0.03 0.03 43.5 43.3 42.1 43.1 75.4 76.3
G. angustifolium 15.1 16.7 1.3 1.4 -5.7 -5.2 55.5 53.7 49.8 48.5 0.07 0.09 26.0 29.3 39.8 41.0 78.4 79.6
P. aculeata 24.5 26.2 1.6 1.7 0.1 6.1 78.5 71.4 78.6 77.5 0.07 0.09 45.6 51.2 47.0 49.3 70.1 64.1
Season mean 24.8 1.6 -4.7 97.3 92.7 0.06 43.9 47.7 76.2
s.e.m. 0.6 0.0 0.5 1.4 1.3 0.00 1.0 0.6 0.4

Spring
C. pallida 31.5 36.8 1.9 2.0 -18.7 -21.2 123.1 135.5 104.4 114.2 0.06 0.07 45.7 55.7 54.8 58.8 85.2 84.5
C. suaveolens 32.7 33.1 1.9 1.9 -10.0 -10.8 115.5 118.0 105.6 107.2 0.06 0.06 54.8 54.6 55.5 55.4 73.3 76.2
F. angustifolia 18.9 19.4 1.3 1.3 13.2 9.6 135.5 136.3 148.7 146.0 0.01 0.02 41.2 40.6 37.8 38.7 74.6 74.4
G. angustifolium 20.4 20.2 1.5 1.5 -1.7 -7.3 60.5 63.6 58.8 56.3 0.10 0.11 38.7 36.4 43.5 43.2 74.1 77.9
P. aculeata 31.4 29.9 1.9 1.8 1.3 2.0 88.4 82.6 89.7 84.6 0.10 0.10 59.5 57.4 55.1 50.6 77.3 69.2
Season mean 27.4 1.7 -4.4 105.9 101.5 0.07 48.5 49.3 76.7
s.e.m. 0.6 0.0 0.5 1.4 1.3 0.00 1.0 0.6 0.4

Factors P-value
Season <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 0.070
Site 0.233 0.241 0.215 0.073 0.241 0.321 0.666 0.321 0.076
Species <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001
Season × Site 0.009 0.081 0.003 0.032 0.081 0.009 0.013 0.111 0.903
Season × Species <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001
Site × Species 0.059 0.079 0.001 0.603 0.079 0.470 0.340 0.093 <.001
Season × Site × 
Species 

0.848 0.882 0.373 0.029 0.882 0.776 0.727 0.904 0.049

1GP24  = In vitro gas production at 24 h; ME = metabolizable energy; (a) = immediately fermented fraction; (b) = slowly fermentable 
fraction; (c) = constant rate of gas production fraction; (a+b) = potential gas production fraction; EDDM = effective degradability 
of DM; IVOMD = in vitro organic matter digestibility; IVTOMD = in vitro true organic matter digestibility. 2S1 = Site 1 (Linares); 
S2 = Site 2 (Los Ramones).
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Linares C. pallida C. suaveolens F. angustifolia G. angustifolium P. aculeata

Los Ramones C. pallida C. suaveolens F. angustifolia G. angustifolium P. aculeata

Figure 1. In vitro gas production at 96 h (n = 9) of leaves of 5 native shrub species collected at 2 sites for each season of the year 
during 2018‒2019.
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Discussion

This study has provided valuable information on nutritive 
value of some common browse species during different 
seasons in semiarid northeastern Mexico. Results suggest 
that these species could be a useful source of forage for 
browsing small ruminants in all seasons of the year.

Although differences were seen in nutrient 
concentrations in leaves of C. pallida, C. suaveolens, 
F. angustifolia, G. angustifolium and P. aculeata, seasonal 
mean CP concentrations in leaf samples ranged from 18.8 
to 26.0 %, which far exceeds the requirements of 7‒10 % 
(NRC 2007) for maintenance and growth of white-
tailed deer, adult range goats and sheep, with C. pallida 
providing the highest CP concentration. Ramı́rez et al. 
(2000) and Domínguez-Gómez et al. (2011) reported that 
this species contains relatively low levels (<7.5 % DM) of 
condensed tannins (CT), indicating that CT concentrations 
in these plants should not affect CP digestibility by these 
animal species. Observed metabolizable energy (ME) 
concentrations (1.5‒2.0 Mcal/kg DM) in C. pallida were 
somewhat inferior to ME in alfalfa hays (2.1 Mcal/kg DM) 
and maize silage (2.2 Mcal/kg DM) as an energy source 
according to Kara (2019). However, it would provide 
adequate energy to support small ruminants.

Mean NDF concentrations in the various seasons 
ranging from 40.9 to 43.2 % DM and ADF concentrations 
of 20.3‒21.3 % are well below levels at which fiber becomes 
a limiting factor for intake. Similar findings have been 
documented by Hassen et al. (2007) in Indigofera shrub 
species and by Domínguez-Gómez et al. (2013) in native 
shrubs of northeastern Mexico. All evaluated species in 
this study showed NDF concentration lower than 60 %, 
levels which can be adequately managed by ruminants 
without affecting DM intake.

Low lignin concentrations in C. pallida (range 
1.6‒2.7  %) support its value as a useful forage source, 
while high lignin concentrations (12.5‒15.2  %) in 
G. angustifolium suggest that it would be of lower feed 
value. Bouazza et al. (2012) reported that high lignin 
concentrations (>12  % DM basis) were associated with 
low digestibility in foliage of fodder trees and shrubs from 
Algerian arid and semi-arid rangelands. While lignin 
concentration tended to vary with seasons with lower 
values in spring, differences between seasons were not 
great and were unlikely to affect intake and nutritive value 
of most species in all seasons. Lignin concentrations in 
the current study (range 2.2 % for C. pallida to 13.9 % 
for G. angustifolium) range from low to high according 
to Anele et al. (2009) and Kara (2019). Further studies 

should examine biomass production of available forage to 
assess the potential of these feed sources for maintenance 
of small ruminants in rangelands of northeastern Mexico.

In vitro gas production following incubation of leaves 
in rumen fluid showed C. pallida produced highest 
amounts of gas, while G. angustifolium showed lowest 
gas production, in agreement with reports (Salem et al. 
2014) of low total phenol and saponin concentrations 
in C. pallida. Higher levels of tannins and polyphenols 
may be responsible for lower gas production and in vitro 
digestibility in G. angustifolium. 

In vitro gas production of shrub species at 24 h (GP24) 
was positively influenced (r = 0.97; P<0.01) by ME 
concentration. GP24 from leaf was inversely proportional 
to lignin and EE concentrations. Interestingly GP24 values 
in the present study (12.0‒36.8 mL/200 mg DM) were 
lower than those reported by Kara (2019) for fibrous 
feedstuffs (36.7‒75.8 mL/200 mg DM) determined using 
rumen fluid of Damascus goats. Negative values for gas 
production from the immediately fermented fraction (a) 
(as low as -21.5 mL/200 mg DM), recorded in this study, 
are in accordance with those reported (from -3.0 to -1.7 
mL/200 mg DM) in shrubs by Selmi et al. (2010) in north 
Tunisia. In contrast, F. angustifolia produced positive 
values (1.5‒13.2 mL/200 mg DM). Gas production from 
the slowly fermentable fraction (b) was similar to or lower 
than values reported by Garcia-Montes de Oca et al. 
(2011) (89.5–187.3 mL/500 mg DM) from legume browse 
species in subtropical areas of Mexico, and higher than 
those (31‒179 mL/500 mg) found by Larbi et al. (1998) 
in a study of fodder trees and shrubs from West Africa. 
Fraction (b) was negatively affected by concentrations of 
ADF (r = -0.62; P<0.01), lignin (r = -0.53; P<0.01) and EE 
(r = -0.49; P<0.01) and positively by ME concentration 
(r = 0.23; P<0.01) as reported by Domínguez-Gómez et 
al. (2011). Results for fraction (c) (constant rate of gas 
production) in the present study varied from 0.01 to 
0.11 %/h, and are similar to the averages (0.03‒0.11 %) 
reported by El Hassan et al. (2000) for foliage of some 
African multipurpose trees, but lower than those reported 
by Cerrillo et al. (2006) (6.1‒6.4 %) for diets consumed by 
grazing goats in semi-arid regions of north Mexico, where 
plant species with high CP% and high DM digestibility 
were present. Potential gas production, fraction (a+b), 
varied considerably (48.0‒148.7 mL/500 mg DM) and 
was higher than reported by Selmi et al. (2010) (26.1‒66.6 
mL/500 mg DM) for shrubs in north Tunisia, but similar 
to values reported by Domínguez-Gómez et al. (2011) 
(51‒126 mL/500 mg DM), even though polyethylene 
glycol (PEG) was fed with forage in both of those studies. 
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Jančík et al. (2011) suggest that in vitro gas production 
can be useful in ranking forages on the basis of nutritional 
value.

IVOMD in this study was positively associated with 
ME concentration (r = 0.98; P<0.01) but negatively affected 
by lignin concentration (r = -0.50; P<0.01). Results 
reported herein were higher than those observed for leaf 
of Detarium microcarpum (32.1 %) and Afzelia africana 
(49.1  %), browse plants from Nigeria (Okunade et al. 
2014), as well as those reported for Quercus rugosa leaves 
in western Mexico (Carrillo-Muro et al. 2018) and non-
leguminous forage trees in tropical regions of southern 
Mexico (Rojas-Hernández et al. 2015). High values 
recorded for C. pallida, C.  suaveolens and P. aculeata 
may be associated with their NDF concentrations. Future 
studies should consider analyzing NDF disappearance 
rate, since Kara (2019) showed positive correlation 
between NDF disappearance rate and DM digestibility, 
when it is determined with this method. IVTOMD values 
were negatively affected by ADF and lignin concentrations 
(r = -0.82; P<0.01; r = -0.50; P<0.01, respectively), in 
agreement with previous studies on litter fall reported 
by Rodríguez-Santillán et al. (2015). Trujillo et al. (2010) 
demonstrated that the DaisyII incubator underestimated 
NDF disappearance values, compared with in situ 
methods. The absence of seasonal variations or spatial 
differences in IVTOMD indicates that differences among 
species are associated with their individual chemical 
compositions. Differences between the estimated IVOMD 
and IVTOMD values for individual assessments (range 
from 14.8 to 44.5  %) could be attributed to the longer 
incubation period of 48 h with the DaisyII incubator, as 
IVOMD is calculated from GP24 data, with only 24 h of 
incubation time. According to Norman et al. (2010) leaves 
of some shrubs need to be incubated for more than 72 
h in order to achieve an accurate estimation of in sacco 
digestibility. According to chemical composition and 
nutrient concentration data, IVOMD values appeared to 
be more realistic, as data for IVTOMD appear to possibly 
overestimate the feed potential of leaf of browse species 
under study. The moderate to high values in both OMD 
and IVTOMD demonstrate the high nutritive potential 
of leaf of browse species as a source of forage for small 
ruminants on smallholder farms in the semi-arid region of 
northeastern Mexico.

Conclusions

Browse plants studied appear to have potential for 
contributing significantly to diets of small ruminants in 

all seasons in Tamaulipan thornscrub in northeastern 
Mexico. Leaf material appears to have efficient rumen 
fermentation thereby providing adequate metabolizable 
energy and high CP for grazing stock. While C. pallida 
appears to provide the best quality browse in terms of 
CP, all species evaluated provided good quality forage. 
Further studies could be devoted to determining biomass 
production of the browse species under study and their 
sustainability under regular defoliation throughout the 
year. Feeding studies would indicate the acceptability to 
small ruminants of the various species.

Acknowledgments

The authors gratefully acknowledge assistance provided 
by the late Dr Roque Gonzalo Ramírez Lozano, in 
planning the research in the initial stages; Facultad 
de Medicina Veterinaria de la Universidad Juárez del 
Estado de Durango for technical assistance; and Consejo 
Nacional de Ciencia y Tecnología (CONACYT) for 
financial support by Project Grants (A1-S-44878 and 
250732) and for providing a doctoral scholarship to the 
first author.

References

(Note of the editors: All hyperlinks were verified 6 July 2022).

Anele UY; Arigbede OM; Südekum KH; Oni AO; Jolaosho 
AO; Olanite JA; Adeosun AI; Dele PA; Ike KA; Akinola 
OB. 2009. Seasonal chemical composition, in vitro 
fermentation and in sacco dry matter degradation of four 
indigenous multipurpose tree species in Nigeria. Animal 
Feed Science and Technology 154(1–2):47–57. doi: 10.1016/j.
anifeedsci.2009.07.007

AOAC International. 2011. Official methods of analysis. 18th 
Edn. AOAC International, Gaithersburg, MD, USA.

Bouazza L; Bodas R; Boufennara S; Bousseboua H; López S. 
2012. Nutritive evaluation of foliage from fodder trees and 
shrubs characteristic of Algerian arid and semi-arid areas. 
Journal of Animal and Feed Sciences 21(3):521–536. doi: 
10.22358/jafs/66126/2012

Buthelezi LS; Mupangwa JF; Muchenje V; Nherera-Chokuda 
FV. 2019. Influence of drying technique on chemical 
composition and ruminal degradability of subtropical 
Cajanus cajan L. Animal Nutrition 5(1):95–100. doi: 
10.1016/j.aninu.2018.03.001

Camacho LM; Rojo R; Salem AZM; Mendoza GD; López D; 
Tinoco JL; Albarrán B; Montañez-Valdez OD. 2010. In vitro 
ruminal fermentation kinetics and energy utilization of 
three Mexican tree fodder species during the rainy and dry 
period. Animal Feed Science and Technology 160(3–4):110–
120. doi: 10.1016/j.anifeedsci.2010.07.008

https://doi.org/10.1016/j.anifeedsci.2009.07.007
https://doi.org/10.1016/j.anifeedsci.2009.07.007
https://doi.org/10.22358/jafs/66126/2012
https://doi.org/10.1016/j.aninu.2018.03.001
https://doi.org/10.1016/j.anifeedsci.2010.07.008


 Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)

193Nutritive value and leaf digestibility of browse species

Carrillo-Muro O; Ramírez-Lozano RG; Castro-Rosales 
AS; Hernández-Briano P; López-Carlos MA; González-
Ronquillo M; Rivera-Villegas A; Méndez-Llorente F; 
Aguilera-Soto JI. 2018. Influence of landscape and collection 
period on yield, nutritive value and in vitro digestibility of 
Quercus rugosa leaf litter and its potential use as sheep 
feed. Small Ruminant Research 166:73–77. doi: 10.1016/j.
smallrumres.2018.07.012

Cerrillo MA; López OO; Nevárez CG; Ramírez RG; Juárez RAS. 
2006. Nutrient content, intake and in vitro gas production of 
diets by Spanish goats browsing a thorn shrubland in North 
Mexico. Small Ruminant Research 66(1–3):76–84. doi: 
10.1016/j.smallrumres.2005.07.025

Chávez-Espinoza M; González-Rodríguez H; Cantú-Silva I; 
Cotera-Correa M; Estrada-Castillón AE; Bernal-Barragán 
H; Gómez-Meza MV. 2020. Foliar mineral content of five 
shrub species with nutritional potential for small ruminants 
in semiarid regions in northeastern Mexico. Ciência Rural 
50(10):1–11. doi: 10.1590/0103-8478cr20200202

Domínguez-Gómez TG; González-Rodríguez H; Guerrero-
Cervantes M; Cerrillo-Soto MA; Juárez-Reyes AS; 
Alvarado MDS; Ramírez-Lozano RG. 2011. Polyethylene 
glycol influence on in vitro gas production parameters in 
four native forages consumed by white-tailed deer. Revista 
Chapingo Serie Ciencias Forestales y del Ambiente 17:21–
32. doi: 10.5154/r.rchscfa.2010.09.073

Domínguez-Gómez TG; González-Rodríguez H; Ramírez-
Lozano R.G; Cantu-Silva I; Gómez-Meza, MV; Cantu-Ayala 
CM; Alvarado MDS. 2013. Nutritional profile of four shrub 
species, Northeastern Mexico. International Journal of Bio-
resource and Stress Management 4(1):1–8. bit.ly/3JGetN5

El Hassan SM; Lahlou Kassi A; Newbold CJ; Wallace RJ. 2000. 
Chemical composition and degradation characteristics of 
foliage of some African multipurpose trees. Animal Feed 
Science and Technology 86(1–2):27–37. doi: 10.1016/S0377-
8401(00)00158-9

Foroughbakhch R; Hernández-Piñero JL; Carrillo-Parra A; 
Rocha-Estrada A. 2013. Composition and animal preference 
for plants used for goat feeding in semiarid Northeastern 
Mexico. The Journal of Animal & Plant Sciences 23(4): 
1034–1040) bit.ly/3Q8i8Ws

Garcia-Montes de Oca CA; González-Ronquillo M; Salem 
AZM; Romero-Bernal J; Pedraza JF; Estrada JG. 2011. 
Chemical composition and in vitro gas production of some 
legume browse species in subtropical areas of Mexico. 
Tropical and Subtropical Agroecosystems 14(2):589–595. 
bit.ly/3P3LBjT

Getachew G; DePeters EJ; Robinson PH; Fadel JG. 2005. 
Use of an in vitro rumen gas production technique to 
evaluate microbial fermentation of ruminant feeds and its 
impact on fermentation products. Animal Feed Science 
and Technology 123–124(Part 1):547–559. doi: 10.1016/j.
anifeedsci.2005.04.034

González-Rodríguez H; Cantú-Silva I; Gómez-Meza MV; 
Ramírez-Lozano RG. 2004. Plant water relations of 

thornscrub shrub species, north-eastern Mexico. Journal 
of Arid Environments 58(4):483–503. doi: 10.1016/j.
jaridenv.2003.12.001

Guerrero-Cervantes M; Cerrillo-Soto MA; Ramírez RG; Salem 
AZM; González H; Juárez-Reyes AS. 2012a. Influence of 
polyethylene glycol on in vitro gas production profiles and 
microbial protein synthesis of some shrub species. Animal 
Feed Science and Technology 176 (1–4):32–39. doi: 10.1016/j.
anifeedsci.2012.07.005

Guerrero-Cervantes M; Ramírez RG; González-Rodríguez H; 
Cerrillo-Soto A; Juárez-Réyes AS. 2012b. Mineral content in 
range forages from north Mexico. Journal of Applied Animal 
Research 40(2):102–107. doi: 10.1080/09712119.2011.607907

Habib G; Khan NA; Sultan A; Ali M. 2016. Nutritive value of 
common tree leaves for livestock in the semi-arid and arid 
rangelands of Northern Pakistan. Livestock Science 184:64–
70. doi: 10.1016/j.livsci.2015.12.009

Hassen A; Rethman NFG; Van Niekerk WA; Tjelele TJ. 
2007. Influence of season/year and species on chemical 
composition and in vitro digestibility of five Indigofera 
accessions. Animal Feed Science and Technology 136(3–
4):312–322. doi: 10.1016/j.anifeedsci.2006.09.010

Holden LA. 1999. Comparison of methods of in vitro dry 
matter digestibility for ten feeds. Journal of Dairy Science 
82(8):1791–1794. doi: 10.3168/jds.S0022-0302(99)75409-3

Jančík F; Rinne M; Homolka P; Čermák B; Huhtanen P. 
2011. Comparison of methods for forage digestibility 
determination. Animal Feed Science and Technology 169(1–
2):11–23. doi: 10.1016/j.anifeedsci.2011.05.003

Kara K. 2019. The in vitro digestion of neutral detergent fibre 
and other ruminal fermentation parameters of some fibrous 
feedstuffs in Damascus goat (Capra aegagrus hircus). 
Journal of Animal and Feed Sciences 28(2):159–168. doi: 
10.22358/jafs/108990/2019

Larbi A; Smith JW; Kurdi IO; Adekunle IO; Raji AM; Ladipo 
DO. 1998. Chemical composition, rumen degradation, and 
gas production characteristics of some multipurpose fodder 
trees and shrubs during wet and dry seasons in the humid 
tropics. Animal Feed Science and Technology 72(1–2):81–
96. doi: 10.1016/S0377-8401(97)00170-3

McDonald I. 1981. A revised model for the estimation of protein 
degradability in the rumen. The Journal of Agricultural 
Science 96(1):251-252. doi: 10.1017/S0021859600032081

Menke KH; Raab L; Salewski A; Steingass H; Fritz D; 
Schneider W. 1979. The estimation of the digestibility and 
metabolizable energy content of ruminant feedingstuffs 
from the gas production when they are incubated with 
rumen liquor in vitro. The Journal of Agricultural Science 
93(1):217–222. doi: 10.1017/S0021859600086305 

Menke KH; Steingass H. 1988. Estimation of the energetic 
feed value obtained from chemical analysis and in vitro 
gas production using rumen fluid. Animal Research and 
Development 28:7–55.

Montgomery DC. 2004. Diseño y Análisis de Experimentos. 
2nd Edn. Limusa-Wiley, México DF. p. 79-81.

https://doi.org/10.1016/j.smallrumres.2018.07.012
https://doi.org/10.1016/j.smallrumres.2018.07.012
https://doi.org/10.1016/j.smallrumres.2005.07.025
https://doi.org/10.1590/0103-8478cr20200202
https://doi.org/10.5154/r.rchscfa.2010.09.073
https://bit.ly/3JGetN5
https://doi.org/10.1016/S0377-8401(00)00158-9
https://doi.org/10.1016/S0377-8401(00)00158-9
https://bit.ly/3Q8i8Ws
https://bit.ly/3P3LBjT
https://doi.org/10.1016/j.anifeedsci.2005.04.034
https://doi.org/10.1016/j.anifeedsci.2005.04.034
https://doi.org/10.1016/j.jaridenv.2003.12.001
https://doi.org/10.1016/j.jaridenv.2003.12.001
https://doi.org/10.1016/j.anifeedsci.2012.07.005
https://doi.org/10.1016/j.anifeedsci.2012.07.005
https://doi.org/10.1080/09712119.2011.607907
https://doi.org/10.1016/j.livsci.2015.12.009
https://doi.org/10.1016/j.anifeedsci.2006.09.010
https://doi.org/10.3168/jds.S0022-0302(99)75409-3
https://doi.org/10.1016/j.anifeedsci.2011.05.003
https://doi.org/10.22358/jafs/108990/2019
https://doi.org/10.1016/S0377-8401(97)00170-3
https://doi.org/10.1017/S0021859600032081
https://doi.org/10.1017/S0021859600086305


 Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)

194 M. Chávez-Espinoza et al.

Norman HC; Revell DK; Mayberry DE; Rintoul AJ; Wilmot 
MG; Masters DG. 2010. Comparison of in vivo organic 
matter digestion of native Australian shrubs by sheep to in 
vitro and in sacco predictions. Small Ruminant Research 
91(1):69–80. doi: 10.1016/j.smallrumres.2009.11.019

NRC (National Research Council). 2007. Nutrient requirements 
of small ruminants: sheep, goats, cervids, and new world 
camelids. National Research Council of the National 
Academies, Washington, DC.

Okunade SA; Isah OA; Aderinboye RY; Olafadehan OA. 
2014. Assessment of chemical composition and in vitro 
degradation profile of some Guinea Savannah browse 
plants of Nigeria. Tropical and Subtropical Agroecosystems 
17(3):529–538. bit.ly/3PaskwL

Oliveira OF de; Lima AF de; Santos MVF dos; Guim A; Cunha 
MV da; Lira MDA. 2018. Chemical composition of hays of 
the Caatinga shrub legumes mororó and sabiá from different 
parts of the plant. Tropical Grasslands-Forrajes Tropicales 
6(2):111–116. doi: 10.17138/TGFT(6)111-116

Orskov ER; McDonald I. 1979. The estimation of protein 
degradability in the rumen from incubation measurements 
weighted according to rate of passage. The Journal of 
Agricultural Science 92(2):499–503. doi: 10.1017/S002185 
9600063048

Pal K; Patra AK; Sahoo A; Kumawat PK. 2015. Evaluation of 
several tropical tree leaves for methane production potential, 
degradability and rumen fermentation in vitro. Livestock 
Science 180:98–105. doi: 10.1016/j.livsci.2015.07.011

Piñeiro-Vázquez AT; Jiménez-Ferrer GO; Chay-Canul AJ; 
Casanova-Lugo F; Díaz-Echeverría VF; Ayala-Burgos AJ; 
Solorio-Sánchez FJ; Aguilar-Pérez CF; Ku-Vera JC. 2017. 
Intake, digestibility, nitrogen balance and energy utilization 
in heifers fed low-quality forage and Leucaena leucocephala. 
Animal Feed Science and Technology 228:194–201. doi: 
10.1016/j.anifeedsci.2017.04.009

Ramı́rez RG; Neira-Morales RR; Ledezma-Torres RA; 
Garibaldi-González CA. 2000. Ruminal digestion 
characteristics and effective degradability of cell wall of 
browse species from northeastern Mexico. Small Ruminant 
Research 36(1):49–55. doi: 10.1016/S0921-4488(99)00113-3

Rodríguez-Santillán P; Guerrero-Cervantes M; Ramírez-
Lozano RG; Bernal-Barragán H; González-Rodríguez 
H; Juárez-Reyes AS. 2015. Nutritional profile of leaf 

litterfall as feed resource for grazing animals in semiarid 
regions. Life Science Journal 12(10):54–61. doi: 10.7537/
marslsj121015.06

Rojas-Hernández S; Olivares-Pérez J; Elghandour MMY; 
Cipriano-Salazar M; Ávila-Morales B; Camacho-Díaz 
LM; Salem AZM; Cerrillo-Soto MA. 2015. Effect of 
polyethylene glycol on in vitro gas production of some non-
leguminous forage trees in tropical region of the south of 
Mexico. Agroforestry Systems 89:735–742. doi: 10.1007/
s10457-015-9796-8

Salem AZM; Kholif AE; Elghandour MMY; Hernandez 
SR; Domínguez-Vara IA; Mellado M. 2014. Effect of 
increasing levels of seven tree species extracts added to a 
high concentrate diet on in vitro rumen gas output. Animal 
Science Journal 85(9):853–860. doi: 10.1111/asj.12218

Sebata A; Ndlovu LR; Dube JS. 2011. Chemical composition, 
in vitro dry matter digestibility and in vitro gas production 
of five woody species browsed by Matebele goats (Capra 
hircus L.) in a semi-arid savanna, Zimbabwe. Animal Feed 
Science and Technology 170(1–2):122–125. doi: 10.1016/j.
anifeedsci.2011.07.013

Selmi H; Gasmi-Boubaker A; Mosquera-Losada R; Rekik B; 
Ben-Gara A; Ben-Mahmoud A; Rigueiro-Rodríguez A; 
Rouissi H. 2010. In vitro gas production by fodder shrubs 
from the north of Tunisia. Livestock Research for Rural 
Development 22(3):1–5. (In French) lrrd.org/lrrd22/3/
selm22062.htm

Soliva CR; Zeleke AB; Clément C; Hess HD; Fievez V; Kreuzer 
M. 2008. In vitro screening of various tropical foliages, 
seeds, fruits and medicinal plants for low methane and 
high ammonia generating potentials in the rumen. Animal 
Feed Science and Technology 147(1–3):53–71. doi: 10.1016/j.
anifeedsci.2007.09.009

Trujillo AI; Marichal MDJ; Carriquiry M. 2010. Comparison of 
dry matter and neutral detergent fibre degradation of fibrous 
feedstuffs as determined with in situ and in vitro gravimetric 
procedures. Animal Feed Science and Technology 161(1–
2):49–57. doi: 10.1016/j.anifeedsci.2010.08.001

Van Soest PJ; Robertson JB; Lewis BA. 1991. Methods 
for dietary fiber, neutral detergent fiber, and nonstarch 
polysaccharides in relation to animal nutrition. Journal of 
Dairy Science 74(10):3583–3597. doi: 10.3168/jds.S0022-
0302(91)78551-2

© 2022

Tropical Grasslands-Forrajes Tropicales is an open-access journal published by International Center for Tropical 
Agriculture (CIAT), in association with The Tropical Crops Genetic Resources Institute of The Chinese Academy of 
Tropical Agricultural Sciences (TCGRI-CATAS). This work is licensed under the Creative Commons Attribution 4.0 
International (CC BY 4.0) license.

(Received for publication 09 November 2020; accepted 10 June 2022; published 30 September 2022)

https://doi.org/10.1016/j.smallrumres.2009.11.019
https://bit.ly/3PaskwL
https://doi.org/10.17138/TGFT(6)111-116
https://doi.org/10.1017/S0021859600063048
https://doi.org/10.1017/S0021859600063048
https://doi.org/10.1016/j.livsci.2015.07.011
https://doi.org/10.1016/j.anifeedsci.2017.04.009
https://doi.org/10.1016/S0921-4488(99)00113-3
https://doi.org/10.7537/marslsj121015.06
https://doi.org/10.7537/marslsj121015.06
https://doi.org/10.1007/s10457-015-9796-8
https://doi.org/10.1007/s10457-015-9796-8
https://doi.org/10.1111/asj.12218
https://doi.org/10.1016/j.anifeedsci.2011.07.013
https://doi.org/10.1016/j.anifeedsci.2011.07.013
http://www.lrrd.org/lrrd22/3/selm22062.htm
http://www.lrrd.org/lrrd22/3/selm22062.htm
https://doi.org/10.1016/j.anifeedsci.2007.09.009
https://doi.org/10.1016/j.anifeedsci.2007.09.009
https://doi.org/10.1016/j.anifeedsci.2010.08.001
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3168/jds.S0022-0302(91)78551-2

