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Abstract

In order to improve utilization of low nutrient and high fibrous pastures, which are common

in the tropics, supplementation with concentrates having readily available nutrients is

recommended to improve livestock productivity. Chloris gayana is one of the predominant

grasses in the cattle corridor of Uganda. However, its low nutritional content constrains

animal production by causing unfavorable rumen environment for microbes for forage

degradation. This study investigated the rumen environment and degradation kinetics of

Chloris gayana hay fed as basal at maintenance levels to steers supplemented with graded

levels of concentrate. Four Holstein-Friesian castrated steers weighing between 400 – 800

kg live body weights were used in the determination of in sacco degradability. The basal

diet composed of  Chloris gayana hay was supplemented with graded levels of concentrate

at ratios of 10%, 20% and 30% to form the three treatments. In the control treatment, steers

were fed a diet of 100% hay.  Chloris gayana hay was placed in nylon bags and incubated

in the rumen of four fistulated steers for 0, 3,  6, 12, 24, 48, 72, 96 and 120 hour. The data

were analyzed using SAS (1998). The crude protein (CP), Metabolisable energy (ME) and

acid detergent lignin (ADL) of formulated rations significantly increased (<0.0001) with an

increase in concentrate inclusion from 4.8 to 7.5%, 5.8 to 6.6MJ/KgDM and 6.8 to 7.9%,

respectively. The acid detergent fiber (ADF), neutral detergent fiber (NDF) and dry matter

(DM) of the rations significantly decreased (P<0.0001) with an increase in the level of

concentrate supplementation from 35.6 to 28.4%, 64.1 to 49.5%, and 92.8 to 92.1%,

respectively. The highest effective dry matter degradability (33.86%) and organic matter

degradability (33.9%) was observed at 20% inclusion level of concentrate into hay. Similar

trends were observed for dry matter degradability at 48 hour (42.2%). The highest ME

(5.8MJKg DM) of hay was obtained at 20% inclusion level of the concentrate into hay. The

lowest ME (5.1MJKg DM) and DMD48h (37.4%) of hay were recorded at 0% concentrate

supplementation. Subsequently, rumen pH (6.7) collected preprandial at 6:00h was closer to

neutrality compared to the more acidic conditions of the rumen environment for the 0, 10,

and 30% level of concentrate inclusion. Similarly, the highest level of ammonia concentration

(89.3 (mg/L) was attained at 20% concentrate inclusion level. Supplementation of Chloris
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gayana hay based diet with concentrate up to 20% inclusion level not only improved rumen

environment but also rumen degradability and ME extracted from the hay.
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Résumé

Dans le but d’améliorer l’utilisation des pâturages à faible teneur en éléments nutritifs et à

forte teneur en fibres qui sont courants dans les tropiques, il est recommandé d’utiliser des

concentrés de nutriments facilement disponibles pour améliorer la productivité du bétail.

Chloris gayana est une herbe prédominante dans les zones de paturage en Ouganda.

Cependant, sa faible valeur nutritive limite la production animale en créant, dans le rumen,

un environnement défavorable aux microbes digesteurs du fourrage. La présente étude a

examiné l’environnement du rumen et la vitesse de dégradation du foin de Chloris gayana

appliqué comme régime de base à un niveau de maintenance et complétés avec des niveaux

graduels de concentré. Quatre bouvillons Holstein-Friesian castrés, pesant entre 400 et 800

kg de poids vif ont été utilisés pour déterminer la digestibilité. Le régime de base composé

du foin de Chloris gayana a été complété avec des niveaux graduels de concentré à des

taux de 10%, 20% et 30% pour former les trois traitements. Pour le témoin, les bouvillons

ont été nourris avec 100% de foin. Le foin de Chloris gayana a été placé dans des sacs en

nylon et incubés dans le rumen de quatre bouvillons fistules pendant 0, 3, 6, 12, 24, 48, 72, 96

et 120 heures. Les données ont été analysées en utilisant SAS (1998). La protéine brute,

l’énergie métabolisable (EM) et la lignine au détergent acide (LDA) des rations formulées

ont augmenté significativement (<0,0001) avec une augmentation de l’ajout des concentrés

de 4,8 à 7,5%, de 5,8 à 6,6MJ / Kg MS et de 6,8 à 7,9 %, respectivement. La fibre au

détergent acide (FDA), la fibre au détergent neutre (FDN) et la matière sèche (MS) des

rations ont significativement diminué (P <0,0001) avec une augmentation de la concentration

en concentré de 35,6 à 28,4%, 64,1 à 49,5%, et 92,8 à 92,1%, respectivement. Les digestibilités

de la matière sèche (33,86%) et de la matière organique (33,9%) les plus efficaces ont été

observées avec un taux d’incorporation de 20% dans le foin. Des tendances similaires ont

été observées pour la digestibilité de la matière sèche à 48 heures (42,2%). L’EM la plus

élevée (5,8 MJKg DM) de foin a été obtenue à un niveau d’inclusion de 20% du concentré

dans le foin. L’EM (5,1 MJKg MS) et la MS 48h (37,4%) les plus faibles ont été enregistrées

avec un apport en concentré de 0%.  Ensuite, le pH du rumen (6,7) prélevé à 6h00 était plus

proche de la neutralité comparativement aux conditions plus acides de l’environnement du

rumen pour des taux d’inclusion du concentré de 0, 10 et 30%. De même, le niveau le plus

élevé de concentration d’ammoniac (89,3 mg / L) a été atteint avec un taux d’inclusion de

20% de concentré. Le régime à base de foin de Chloris gayana complété avec un concentré

à hauteur de 20% améliore non seulement l’environnement du rumen, mais aussi la digestibilité

du rumen et de l’EM extraite du foin.

Mots clés: Chloris gayana, digestibilité du rumen, Ouganda
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Background

Poor nutrition is one of the major constraints to smallholder livestock production in Uganda

(Katongole et al., 2012). Ugandan farmers mainly rely on elephant grass to feed their

animals (Kabirizi et al., 2006). However, the elephant grass has of recent been threatened

by Napier stunt disease (Nampijja et al., 2013) and is difficult to preserve as hay to meet the

challenges of dry season feeding. Chloris gayana is the predominant pasture species in the

Uganda cattle corridor, which hold over 85% of the livestock population (Mugerwa et al.,

2012). Studies have previously indicated the nutrient composition of Chloris gayana as 8 –

18% crude protein and 7.5 - 10.5MJ/kg DM metabolisable energy.

In order to improve the utilization of Chloris gayana by ruminants, the use of supplements

is essential. Use of home-made concentrate has been indicated to increase milk production

(Moss et al., 1992) and weight gain (Huque and Talukder, 1995). However, limited studies

have evaluated the effect of supplementation with homemade concentrate on nutrient utilization

and rumen degradation characteristics of Chloris gayana hay when fed to livestock in

Uganda. The objective of this study was to establish the optimum level of concentrate

supplementation that provides the appropriate rumen environment, degradation kinetics and

metabolisable energy by ruminants feeding on Chloris gayana hay as the basal feed.

Literature summary

Rhodes grass (Chloris gayana) is found in all agro-ecological zones and rangelands in

Uganda (Sabiiti and Mugerwa, 1990). Chloris gayana grows under all soil and environmental

conditions (Skerman and Riveros, 1990) and is usually found on fallowed land as one of the

dominant natural pastures. Chloris gayana is also commonly found on roadsides and other

areas of disturbance throughout the tropics and subtropics (Nitis, 1999).  Chloris gayana

readily spreads by seed and runners (Loch et al., 2004). When fed as a sole feed, Chloris

gayana pasture produces less live weight gain per hectacre in livestock than some other

tropical grasses due its nutrient content especially when it has overgrown. However,

supplementing Chloris gayana with legumes and concentrates can result in better animal

production (Aguerre et al., 2013).

The disappearance of feedstuff in the rumen has been associated with ruminal microbial

degradation and digestion of these feeds. Feed degradation rate can be used to predict

nutritional value since it is related to voluntary feed intake (Aguiar et al., 1997). A high rate

of degradation has been implied to result in high voluntary intake and thus higher performance.

This is because the extent to which feed components (dry matter (DM), organic matter

(OM) and N) are degraded in the rumen is a function of both their rate of degradation and

residence time (Dhanoa et al., 1995).

Study description

Four Holstein-Friesian castrated steers, four diets and four periods were used in the

determination of in sacco degradability. Chloris gayana hay was placed in nylon bags and
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incubated in the rumen according to Osuji et al. (1993) with sequential addition. The diets

were then formulated with 100% hay and 0% concentrate, 90% hay and 10% concentrate,

80% hay and 20% concentrate and 70% hay and 30% concentrate on dry matter basis, as

diet 1, 2, 3, and 4, respectively. The control diet 1 provided test sample feeds. Nylon bags

with double sewn seams measuring 5x10 cm with mesh 50µm were used. Triplicate bags

were incubated for 3, 6, 12, 24, 48, 72, 90 and 120 hours. All bags including the zero hour

received a cursory wash. The exponential model of McDonald (1981) was fitted to the

degradability data of the nutrients using the non-linear procedure of SAS (1998). Samples

were analyzed for DM, ash, and CP using AOAC (1990) and fibre analysis by Van Soest

(1991).

Results and discussion

There was significant difference (P<0.05) in the chemical composition of Chloris gayana

basal diets with inclusion of concentrates with the exception of dry matter (DM) (Table 1).

Concentrates contain high easily cell-soluble content than fibre (NDF and ADF). Although

concentrates have less fibre, this fibre is high in insoluble ADL. This explains the trends in

Table 1. The pH and temperature of rumen fluid followed NH
3
 production trend as shown in

Figures 1 and  2. The increase in NH
3
 concentration was possibly attributed to increased

breakdown of the CP in the diet resulting from increased CP in the diets. The low ammonia

concentration may be responsible for lower effective degradability and the drop in ammonia

concentration at 30% concentration inclusion level decreased both microbial population and

degradation rate.

The DM and OM degradability kinetic parameters did not significantly differ (P<0.05) with

an increase in concentrate level (Table 2). This may be attributed to an insignificant change

Table 1.   Least square means of chemical composition (%) of Chloris gayana based diets as influenced

by inclusion levels of concentrate

                                                              Level of concentrate (%)                          S.E.M. P-values

 

                                           0                 10          20                      30    

Dry matter 92.8 92.6 92.1 92.4 0.72 <0.0001

Ash 11.8a 11.1a 7.7b 11.0a 0.41 <0.0001

Organic matter 81.0b 81.5b 84.4a 81.5b 0.34 <0.0001

ADF 35.6a 33.0b 30.8c 28.4d 0.38 <0.0001

ADL 7.7a 6.8b 7.7a 7.8a 0.26 <0.0001

NDF 64.1a 61.1a 54.4b 49.5c 1.15 <0.0001

Crude protein 4.8c 5.7b 6.9a 7.5a 0.17 <0.0001

ME* (MJ/Kg DM) 5.9c 5.8d 6.4b 6.6a 0.51 <0.0001

ADF: acid detergent fibre; ADL: acid detergent lignin; NDF: neutral detergent fibre; ME*: metabolisable

energy estimated from formula 0.16* DOMD (AFRC (1993) (DOMD: digestible OM in dry matter as

from 0.98*DM degradability at 48 hr (MAFF, 1977)); S.E.M.:  standard error of means; Means with

similar superscripts (a, b, c and d) within a row are not significantly different (P < 0.05)
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Figure 1.   Ammonia concentrations (mg)/L in the rumen of steers fed Chloris gayana basal diet

supplemented with graded levels of concentrate

Figure 2.   Temperature and pH of rumen fluid of steers fed Chloris gayana basal diets under graded

levels of concentrate supplementation
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in the DM of diets. The concentrate level of 20% had the highest DM degradability at 48

hour, Metabolisable energy, effective degradability of DM and effective degradability of

OM (Table 2, Figs. 3 and 4). The increase in the concentrate inclusion level resulted in

increased level of available nutrients as evidence by CP and ME content of the diets (Table

1). These nutrients increase microbial population thus increased breakdown of digesta in the

rumen. However, as concentrate level surpass 20%, the increased rate of degradation of

soluble carbohydrates provides a negative feedback on microbial population due to more

volatile fatty acids responsible for reduced pH (Fig. 2).

Table 2.   Least square means of rumen degradation kinetics (%) of Chloris gayana hay as influenced

by graded levels of concentrate supplementation

 

                                                           Level of concentrate (%)                          S.E.M         P-values

                          0                    10         20                   30    

DM degradability

a 15.29 16.26 16.63 15.44 1.14 0.81

b 38.17 37.13 39.16 39.5 1.26 0.57

c 0.027 0.023 0.024 0.0235 0.003 0.85

lt (hr) 3.28 1.8 3.3 2.39 1.35 0.83

PD 53.46 53.39 55.79 54.95 1.52 0.63

ED 32.4 32.2 33.9 32.1 1.18 0.63

OM degradability

a 14.6 14.01 15.08 14.19 0.7 0.72

b 40.92 41.73 42.34 46.62 2.02 0.29

c 0.028 0.022 0.025 0.09 0.003 0.35

lt (hr) 7.4 3.25 5.6 4.5 1.69 0.42

PD 55.52 55.74 57.4 60.81 1.93 0.29

ED 32.8 31.7 33.9 31.2 0.85 0.21

DMD (48Hrs) 37.37A 37.81C 42.17A 38.82B 0.98 <0.0001

DOMD 31.8D 32.3C 36.5A 33.2B 0.96 <0.0001

ME (MJ/Kg DM) 5.1D 5.2C 5.8A 5.3B 0.15 <0.0001

a: zero time intercept(immediately solubilized fraction); b: insoluble but slowly degradable fraction; c:

degradation rate constant of fraction b; PD: potential degradability (a+b); lt: lag time (hr); ED: effective

degradability (a+(b x c)/ (c+Kp)); DMD48h: DM degradability at 48hr; DOMD: digestible organic

matter in dry matter ((0.98*DMD)-4.8); ME: metabolisable energy (0.16* DOMD) (MAFF, 1987; AFRC

1993); S.E.M.:  standard error of means. Means with similar superscripts (A, B, C & D) within a row are

not significantly different (P < 0.05)
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Figure 3.  Dry matter degradability of Chloris gayana hay as influenced by graded levels of concentrate

supplementation

Figure 4.  Organic matter degradability of Chloris gayana hay as influenced by graded levels of

concentrate supplementation
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