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Effects of replacing Brachiaria
hay with either Desmodium
intortum or dairy concentrate
on animal performance and
enteric methane emissions of
low-yielding dairy cows

Daniel Korir 1,2*, Richard Eckard2, John Goopy1,2,
Claudia Arndt1, Lutz Merbold1,3 and Svenja Marquardt1,2

1Mazingira Centre, International Livestock Research Institute (ILRI), Nairobi, Kenya, 2Faculty of
Agriculture and Veterinary Sciences, University of Melbourne, Melbourne VIC, Australia, 3Agroscope,
Research Division Agroecology and Environment, Integrative Agroecology Group, Zurich,
Switzerland
In Africa, cattle are often fed low quality tropical roughages resulting in low-

yielding animals with high methane (CH4) emission intensity (EI, g CH4/per unit

of product). Supplementation with protein is known to improve the nutritive

value of the otherwise low-quality diets. However, animal nutrition studies in

East Africa that are accompanied by CH4 emission measurements are lacking.

Thus, an animal experiment was conducted to quantify the effect of

supplementing cattle fed mainly on low-quality Urochloa brizantha hay

(control diet; CON; crude protein (CP) = 7.4%) or supplemented with either a

tannin-rich leguminous fodder, Desmodium intortum hay (DES) or a

commercial dairy concentrate (CUBES) on voluntary dry matter intake (DMI),

nutrient apparent total tract digestibility, nitrogen (N) retention, enteric CH4

production and animal performance (milk and average daily gain). Twelve mid-

lactating crossbred (Friesian × Boran) cows (initial liveweight = 335 kg) were

used in a 3×3 (Period × Diet) Latin square design with each period running for

four weeks. Compared to CON, DES decreased nutrient (DM, OM, CP) intake,

apparent total tract digestibility and daily milk yield. In contrast, CUBES

increased nutrient intake and animal performance compared to CON, while

nutrients’ apparent total tract digestibility was not different, except for CP

digestibility that increased. Compared to CON, DES and CUBES improved

overall N retention by the animals as a proportion of N intake. The DES diet

compared with CON and CUBES, shifted the proportion of N excretion via urine

to the fecal route, likely because of its tannin content. Both DES and CUBES,

compared to CON, reduced methane yield (MY, g CH4/kg DMI) by 15% and 9%,

respectively. The DES diet reduced absolute enteric CH4 emissions by 26%

while CUBES increased emissions by 11% compared to CON. Based on the

present findings, high supplementation levels (>50%) of Desmodium intortum

hay is not recommended especially when the basal diet is low in CP content.
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Supplementation with lower levels of better managed Desmodium intortum

forage however, need to be investigated to establish optimal inclusion levels

that will improve animal productivity and reduce environmental impact of

livestock in smallholder tropical contexts.
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Introduction

One of the main limiting factors to ruminant production in

smallholder systems in developing countries is feeding of low-

quality forages (Kebreab et al., 2005; Castro-Montoya et al.,

2018). In Sub-Saharan Africa, tropical grasses and crop residues

form the main diet component for cattle with low

supplementation, if any. These high roughage diets are often

found to be low in crude protein (CP; <7.5%) and high in fiber

(>70%) (Leng, 1990) which compromises their utilization by

animals resulting in low animal productivity. Also, such diets are

thought to lead to higher enteric methane (CH4) yield (MY; CH4

emitted per unit feed intake (Goopy et al., 2020) and higher CH4

emission intensities (EI; CH4 per unit of product; (Opio et al.,

2013; Ericksen and Crane, 2018) compared to animal diets that

are of better nutritive value. Earlier studies have, however, shown

that supplementing of such low-quality diets with protein

concentrates could improve their nutritive value and hence

animal production (Koster et al., 1996; Mathis et al., 2000;

Shreck et al., 2021).

Protein supplementation is known to increase intake and

apparent total tract digestibility of low-quality roughages by

cattle (Bohnert et al., 2011) by improving microbial activity in

the rumen. The degradation of supplementary protein in the

rumen increases the ammonia concentration and this enhances

microbial growth and activity because nitrogen is known to be

limiting to microbial nourishment with low quality tropical

grasses (Detmann et al., 2014). Commercial protein

supplements such as soybean meal are commonly used in

intensive cattle production, however, these are often

inaccessible and/or unaffordable to many smallholder livestock

farmers in the Global South (Bakrie et al., 1996; Franzel et al.,

2005). Leguminous forage crops and shrubs that are produced

on-farm at a lower cost have then over time been promoted as

alternative protein sources to ruminants in smallholder systems

even though adoption of these feed resources is still quite low

(Kebede et al., 2016).

Leguminous fodder crops such as Desmodium spp. and

lucerne inherently have higher CP content than most of the

tropical grasses (Topps, 1992) and have been used as a
02
supplement in tropical cattle production to improve the

feeding value of low quality roughages (Tolera and Sundstol,

2000). Furthermore, most leguminous forages grown in tropical

environments are rich in plant secondary compounds (PSC),

such as tannins, saponins and essential oils (Topps, 1992).

Presence of tannins, both condensed tannins (CT) or

hydrolysable tannins (HT) in ruminant diets have been shown

to decrease enteric MY and EI (Beauchemin et al., 2007;

Williams et al., 2020) and reduced ammonia and nitrous oxide

emitted from manure by binding dietary nitrogen (N) and

shifting its excretion from the urinary to the less volatile fecal

route (Grainger et al., 2009; Korir et al., 2016). With high affinity

for protein (Makkar and Singh, 1991), moderate level of tannins

in ruminant’s diet has been shown to increase dietary bypass

protein which improves protein utilization efficiency (Frutos

et al., 2004). The effects of tannins depend on their source and

concentration in the diet (Makkar, 2003; Pineiro-Vazquez et al.,

2018). Feed intake and nutrient apparent digestibility (DMD)

have been observed to increase or remain unaltered at low to

moderate concentration of tannins in the diet (1-3% on DM

basis; (Kariuki et al., 1999; Tolera and Sundstol, 2000; Mbuthia

and Gachuiri, 2003; Pineiro-Vazquez et al., 2018). At high

dietary content (>5% on DM basis) however, diet these

parameters have often been shown to be reduced and this had

been associated with reduced CP availability in the rumen and

low palatability (Waghorn, 2008; Ahnert et al., 2015). Studies

from East Africa quantifying the potential of locally available

tannin-rich leguminous fodder crops on improving the feeding

value of low-quality grass-based diets remain scanty and

inconclusive, with no research quantifying their enteric CH4

mitigation potential in-vivo. Animal studies with leguminous

fodder elsewhere have shown that, in addition to increasing

rumen passage rate that minimizes contact time with

methanogens and reducing MY (Piñeiro-Vázquez et al., 2018),

tannin rich fodder have also been shown to directly exert anti-

methanogenic activity in the rumen by reducing methanogen

numbers (Beauchemin et al., 2007; Aboagye et al., 2018).

The present experiment was conducted to test whether

Desmodium intortum, a locally grown legume, could be a

potential alternative supplement to commercial dairy
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concentrates in smallholder dairy production systems in East

Africa. We hypothesized that: i) both Desmodium intortum hay

and commercial dairy concentrate supplementation would

increase voluntary feed intake, apparent total tract digestibility

of nutrients and improve animal production (milk yield and

ADG) compared to animals fed a low quality basal diet alone;

ii) both Desmodium intortum hay and commercial dairy

concentrate supplementation would reduce MY and EI

(g CH4/unit of product) compared to feeding a low quality

basal diet alone to lactating cows, and iii) Desmodium hay but

not dairy concentrate supplementation would reduce absolute

enteric CH4 emissions and shift N excretion from the urinary to

the fecal route.
Materials and methods

The study was conducted at the Mazingira Centre of the

International Livestock Research Institute (ILRI), Nairobi,

Kenya. The experimental protocol was reviewed and approved

by the Institutional Animal Care and Use Committee (IACUC,

Reference number: IACUC 2019-09).
Experimental design and animals used

A 3×3 (Period × Dietary treatment) Latin square design was

used. Each experimental period ran for 28 d consisting of 14 d of

dietary adaptation, 7 d of separate collection of feces and urine

and 7 d of measurements of enteric CH4 emissions.

Twelve crossbred cows (Friesian × Boran) with initial live

weights (LW) of 335 ± 14.2 kg (mean ± standard error of mean)

in either parity 1 or 2 and in mid-lactation (days in milk; DIM:

119 ± 6.4 d) were included in the experiment. The animals were

sourced from ILRI’s Kapiti Research Station situated 60 km

South-East of Nairobi, where the animals were maintained

extensively on natural pastures in a rangeland ecosystem and

were only supplemented with mineral licks. The animals were

milked by hand once a day. Selection of the cows was done from

a herd of 128 lactating animals. Calves were weaned and the

cows moved to ILRI campus 8 d later. On arrival, the animals

were quarantined for 21 d in an enclosed animal facility, where

they were kept in two group pens (six cows per pen). While in

quarantine, the animals were fed on Brachiaria hay alone for the

first 3 d. From Day 4, a commercial dairy concentrate was

introduced in the animals’ diet to improve their milk production

to a level that was considered sensitive to treatments’ effect

(> 4 L) before the start of the experiment and thus also minimize

chances of the cows drying up midway through the experiment.

The dairy concentrate, that was fed during milking that was

done once per day in the morning by hand, was gradually

introduced to the animals with 2 kg per animal offered in Day

4 and 5 and increased to 3 kg per day from Day 6. The
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concentrate was formulated from wheat bran, whole maize,

maize bran, rice bran, soya bean meal, wheat pollard,

sunflower seed cake, stock feed lime and molasses. Two

animals that were already at ILRI campus and fitted in the

selection criteria were added to this cohort to allow for

replacement animals in case an animal would have to be

removed from the experiment. The cows were producing on

average 1.7 ± 0.48 kg of milk per day at the start of quarantine

and gradually increased to a peak of 4.7 ± 0.49 kg by Day 11 of

quarantine. From Day 6 of quarantine, a milking machine (Sezer

PLS 2, Bursa, Turkey) was introduced and used subsequently

instead of hand-milking. We anticipated that the dietary changes

introduced during the pre-trial and at the onset of the

experiment would have minimal confounding effects on milk

production, if any, because the cows used were low

yielding animals.

After completion of the 21-d quarantine period, the cows were

moved to the experimental animal facilities and housed in

individual pens (2 m × 3 m), with each animal fed singly and

therefore served as an experimental unit. The pens had the roof

covered with shade sails and a concrete floor covered with a rubber

mat. The walls were partitioned with aluminum rails. The animals

were allocated to one of the three experimental groups (each with

four animals), balanced for milk yield, DIM, liveweight and parity.

The three dietary treatments were then randomly allocated to the

three animal groups for the first period of the experiment and

rotated among the animal groups in subsequent periods (Period 2

and 3) such that all animals went through all the dietary treatments.

Carryover effect was minimized by assigning two animals from one

treatment group to the other treatments in subsequent periods

instead of all the four animals being assigned to the same diet, as

detailed in Table 1. The average (± SEM) liveweight, milk yield and

DIM immediately before the experiment were 325 ± 18, 348 ± 16

and 332 ± 35 kg; 3.6 ± 0.5, 3.6 ± 0.6 and 3.6 ± 1.0 kg; and 118 ± 9,

120 ± 15 and 117 ± 12 d for the three animal groups.
Experimental diets

Three diets tested in the present study consisted of a low-

quality control and two improved rations. The control diet

(CON) consisted mainly of grass hay harvested in late bloom

(Urochloa brizantha var. Xaraes, further on named Brachiaria

hay) while the two improved diets consisted of CON and

supplemented either with dairy cubes (commercial protein and

energy supplement (Fugo Dairy meal; Unga Feeds Company,

Kenya), subsequently named CUBES) or with Desmodium

intortum hay (further on named DES). The nutrient density in

the two supplemented diets was intended to be isonitrogenous

and isocaloric to support the same level of animal production.

Due to late harvesting and delay in baling of the Brachiaria hay

used, it had only 5.5% CP (% of DM) which was lower than the

expected 7-10% (Njarui et al., 2016). Thus, urea was added to the
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Brachiaria hay to increase the CP content in CON to about 7.5%.

The three diets were initially formulated to support a daily milk

production of 4 L for the CON and 6 L for the supplemented

diets, using an excel-based feed formulation model developed for

crossbred animals by Moran (2005). Sugar cane molasses, an

energy supplement, was included initially in the formulated diets

at 20.0% of the total rations but was reduced to 12.2%, 6.4% and

8.5% for CON, DES and CUBES respectively, after the first 6 d of

the experiment. The proportion of molasses included in

the ration was reduced to the latter levels because milk yield

by the animals peaked at a lower level than anticipated and that

the 20% inclusion was already considered marginally high for a

ruminant ration and could predispose the cows used to molasses

toxicity. Despite these reductions, however, total energy intake

by the animals was still sufficient to meet the target level of milk

production because the animals’ feed intake was higher than

predicted. The proportions of the ingredients used in each

experimental diet are shown in Table 2.

The molasses, urea and dairy cubes were purchased from local

distributors each as a single batch. The grass hay, being the fifth

cut since establishment, was harvested from a 2.5 ha Brachiaria

plot at ILRI Nairobi campus. Desmodium hay was obtained from

eight smallholder farmers in south Nyanza, western Kenya, within

a radius of 20 km and similar soil type. Desmodium intortum is a

leguminous herb commonly grown in strips in push-pull systems

in maize fields in western Kenya to control stem borers and striga

weed (Khan et al., 2008). Push-pull is biological strategy for
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controlling crop pests by intercropping repellant plants; often

Desmodium, with a crop (e.g., maize or sorghum) vulnerable to a

pest (e.g., stemborer), to keep the pests away from destroying the

main crop. Around the perimeter of the production plot, a crop of

lower economic value (e.g., grasses) is planted to attract (pull) and

trap the pests (Cook et al., 2007). The Desmodium was harvested

manually in late vegetative stage, sun dried for 3 d then baled

using hand balers and transported to ILRI. Prior to the start of the

experiment, all the Desmodium hay was chaffed to a length of

about 3-7 cm using a forage chopper, homogenized and stored in

plastic sacks. The Brachiaria hay was chaffed on daily basis during

the experiment, just before the diets were formulated for the

next day.

The diets were prepared daily in the evening by weighing the

respective ingredients of each diet according to the proportions

in Table 2. The chaffed hay was spread out on a canvas on a

concrete floor. Urea was then dissolved in two parts of water and

mixed with molasses before the mixture was sprinkled over the

hay and thoroughly mixed by hand. The prepared feed was then

stored overnight in covered plastic bins separately per treatment

until when it was fed to individual animals.
Feeding and milking

The amounts of feed offered to each animal were determined

daily as 105% of the previous day’s intake to allow ad libitum
TABLE 2 Proportion (in % DM) of the different feed ingredients used in the formulation of the three experimental diets: control diet consisting
mainly of Urochloa brizantha var. Xaraes hay (CON); control diet plus Desmodium intortum hay (DES) and control diet plus commercial dairy
supplement (dairy cubes, CUBES).

Diet ingredients CON (%) DES (%) CUBES (%)

Brachiaria hay 87.0 35.0 65.7

Desmodium intortum hay _ 57.7 _

Dairy meal _ _ 25.0

Urea 00.8 00.8 00.8

Molasses1 12.2 06.5 08.5
1The proportions of molasses indicated are after the adjustments done on Day 6 of the experiment.
TABLE 1 Animal groups (A, B, and C) allocation to three the dietary treatments (control: CON; control diet plus Desmodium intortum hay: DES
and control diet plus dairy cubes: CUBES) over the three experimental periods.

Animal groups (n=2) Period 1 Wash-out period (3 d) Period 2 Wash-out period (3d) Period 3

A1 CON DES CUBES

A2 CON CUBES DES

B3 CUBES DES CON

B4 CUBES CON DES

C5 DES CUBES CON

C6 DES CON CUBES
fron
A, B, C, - Animal groups each with 4 crossbred lactating cows, resulting in n=12 animals per treatment.
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feed intake with minimal allowance for selection. The ration for

each animal was weighed into plastic bags in the morning and

fed out in four tranches spread throughout the day to minimize

spillages and soiling of the feed.

Throughout the experimental period, milking was done in

the morning starting at 0700 h using a double cow milking

machine while the animals were restrained in crushes. Milk

output from each animal was then weighed on a digital platform

scale (Model JS00-1, Shanghai Puchun Measure Instrument Co.,

Ltd. Shanghai, China, precision = 1 g) and the milk yields (in kg)

were recorded.
Intake and liveweight measurements

Daily feed intake by the animals was determined as the

difference between the total feed offered and the refusals

collected the following morning over the 28 d in each period.

The refusals from each animal were collected every morning,

weights taken and pooled per treatment because these were too

low for the selection differences from animal to animal to cause

any meaningful differences in nutrients intake by the animals. A

sub-sample (~300 g) from each treatment pool was then picked,

stored in labeled paper bags and kept at -20°C. Every second day,

a sample of the feed offered (~300 g as fed) from each dietary

treatment was collected and handled as described for the

refusals’ samples. At the end of each period, the stored feed

and refusal samples were then thawed and pooled within

treatment per week (n=4 for rations and refusals separately)

from which, subsample were transferred to pre-labeled paper

bags and dried in an air-forced oven at 50°C for 96 h.

Liveweight was recorded twice a week before milking and

morning feeding, except that during the enteric CH4 and total

urine and feces collection periods, animals were weighed only

once a week. Liveweight was measured using a digital animal

weighing bridge (Gallagher Weigh Scale W210, Australia,

precision = 0.5 kg) with the figures obtained corrected for the

weight of milk recorded from the respective animals.
Urine and fecal collection for N balance
measurements

Total urine and feces were collected separately for seven

consecutive d, while the cows were maintained in their individual

pens and fed on their respective diets. Urine was collected using

purpose-built urine collection devices that were attached to shaved

areas around the vulva of the animals using adhesive glue (Ergo

5011, Kisling AG, Wetzikon, Switzerland). Silicon tubing was

attached to the base of the devices to direct urine into 10 L

barrels prefilled with 300 mL of 20% hydrochloric acid (HCl) to

reduce the pH to 2-3. During collection, the animals were restrained

in their pens using neck collars to minimize tampering of urine
Frontiers in Animal Science 05
collection devices. The collection barrels were continuously

monitored and replaced when about three-quarter full. Each

morning, before feeding, the total volume of urine (plus acid)

collected from each animal over the 24 h cycle was measured using

a measuring cylinder. The collected urine was homogenized by

stirring and a 1% aliquot was taken, filtered through a cotton gauze

to remove gross dirt, homogenized again by shaking and a

subsample of 100 mL dispensed into labelled plastic bottles and

stored at -20°C until further processing. Total urine collection was

not achieved every day on all animals resulting from either the urine

collection bags peeling off from the animal or the tubing breaking.

At least three complete collections were, however, achieved for each

animal in each period with the incomplete collections discarded.

Feces excreted were collected from the floor every 3 h during

the day when the animals were active and defecated more

frequently and scooped once the following morning for the

night excretions. Total feces collected over 24-h cycles (0900-

0900h) were weighed and homogenized by hand mixing. A

subsample (500 g) was then picked and oven dried (Genlab

Oven, Genlab Ltd, UK.) at 50°C for 96 h. The dried fecal samples

were packed in zip-lock polythene bags and stored at room

temperature awaiting further processing. The total collection of

feces and urine was conducted in weeks 3 and 4 of each

experimental period with six animals (two animals per

treatment) measured per week. When one cohort of six

animals were going through total urine and fecal collections,

enteric CH4 emission measurements were carried out on the

remaining animals concurrently.

Apparent total tract nutrient (DM, OM, CP, NDF and ADF)

digestibility was determined as the difference in total nutrient

intake and total faecal excretion. Nitrogen retention was

calculated as the net difference between total N intake and N

excreted in milk, urine and faeces.
Measurements of enteric methane
emissions

Three open-circuit respiratory chambers (No Pollution

Industries, Edinburgh, UK) described in detail in Goopy et al.

(2020) were used to measure daily enteric CH4 emissions from

the experimental animals. The chambers had an internal volume

of 8.90 m3, each fitted with a separate environmental control

unit. The internal chamber environment was set at 22°C and

relative humidity at 50%, while internal air circulation and

ventilation rate were set at 220 L/s and 18 L/s, respectively. A

cavity ringdown laser absorption spectrometer (Picarro G2508

analyzer, Santa Clara, USA) was used to measure CH4 and CO2

concentration (ppm) both on the incoming and outgoing air

streams with the instrument taking a sample from each chamber

in rotation, every 12 minutes. Air flow rates (L/s) were measured

using the venturi principle and daily enteric CH4 emissions were

calculated from the total volume of air flow through the chamber
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multiplied by the net mean CH4 concentration over each

measurement event.

On the measurement days, the total ration for the day was

placed in the feed bins in the respective chambers after removal

of the refusals from the previous day, and the chamber cleaned.

The animals were milked then placed in the individual chambers

and the doors closed until the following morning when the

animals were taken out and another cohort brought in after

cleaning the chambers again. Continuous access to clean water

was also provided in the chambers using automatic waterers.

The CH4 measurements were conducted for ~22.5 h with an

average of the last 3 h of measurements being assumed for the

remaining 1.5 h to complete a 24-h data set. Each animal was

measured three times in each period on three alternate days,

with each measurement event carried out in a different

respiration chamber. The three replicates were then averaged

for statistical analysis.

The CH4 recovery rate in each chamber system was

measured at the start and at the end of each period by

injecting pure CH4 at a known mass flow into the respiration

chamber using a gas phase titration unit (Environics 4020,

Environics Inc., Tolland, USA) and measuring CH4

concentration in the exhaust air at equilibrium. Recovery rates

were on average 46 ± 2.6% during the experimental period due

to a worn-out rotor seal in the 16-port distribution manifold

feeding the analytical instrument and consequently, the enteric

CH4 data were corrected mathematically to adjust for the

recovery losses. This was done by multiplying the calculated

animal emission figure in each measurement event by the

inverse of the recovery rates measured for the respective

periods. Though the cause of the low recovery rates was

detected early in the experiment, this could not be fixed

immediately because appropriate spare part was not available

locally and we had to source it from the Picarro company in the

USA which took up to 3 months to be delivered. The final MY

and Ym obtained agreed with those obtained from previous

measurements with the same respiration chambers with animals

fed almost similar diets.
Laboratory analysis

Dried samples of feed offered, refusals and feces were ground

through a 1-mm sieve using a hammer mill (MF 10 basic, IKA,

Werke GmbH & CO. KG, Staufen, Germany) and analysed for

DM, OM, neutral detergent fiber (NDF), acid detergent fiber

(ADF), acid detergent lignin (ADL), ether extract (EE) and total

extratable phenols (TEP). True DM was determined by drying

the samples at 105°C for 24 h while ash was determined by

combustion in a muffle furnace at 550°C for 6 h according to the

methods of the Association of Official Analytical Chemists

(AOAC, 1990 methods no. 924.05). Feed, refusal and fecal

samples were analysed for NDF and ADF by the methods of
Frontiers in Animal Science 06
Van Soest et al. (1991). Total N content in feed, feces, milk and

urine was determined by micro-Kjeldhal procedure of AOAC

(AOAC, 1990, method no. 988.05) using selenium catalyst. Acid

detergent lignin content was analysed in an external laboratory

(National Institute of Nutrition, Hyderbad, India) using near

infrared spectroscopy. Ether extract in feed and refusal samples

was determined in a commercial laboratory (Cropnut Ltd,

Kenya), following AOAC procedures (AOAC, 1990, method

no. 14.018). Total extratable phenols, total tannins (TT) and CT

in feed samples were determined at the University of

Hohenheim animal nutrition laboratories using the procedure

according to Makkar et al. (1993) with TT, expressed as tannic

acid equivalent, separated from TEP using an insoluble matrix of

polyvinyl polypyrrolidone as described by Makkar et al. (1995).

Metabolizable energy (ME; kJ) in all the three diets was

calculated based on equation by AFIA (2014) as follows:

ME  kJð Þ = 0:203� %OMD − 3:001ð Þ
Where %OMD is the organic matter digestibility (%)

measured during the experiment. Because of the minimal

differences in EE and MY among the three experiemental diets

tested in the present study, these were assumed to have a neglible

effect on the overall diet-to-diet differences in ME content and

hence a similar equation was used for the three diets.

Condensed tannins were determined according to the

method by Porter et al. (1986) using butanol-HCl reagent and

expressed as leucocyanidin equivalent. Milk was analysed for fat,

solid not fat (SNF), lactose, protein and total solids using an

ultrasonic milk analyzer (Lactoscan S standard 1040,

Milkotronic, Nova Zagora, Bulgaria). Fat and protein corrected

milk (FPCM) was calculated according to the equation by

Gerber et al. (2011):

FPCM  kgð Þ = raw milk  kgð Þ � (0:337  + 0:116 � fat content  %ð Þ + 0:06 

�  protein content  %ð ÞÞ
Statistical analysis

Data were analyzed using a linear mixed model in R 3.5.3 (R

Development Core Team, USA). The dependent variables

measured were first tested for normality by plotting normal

quantile-quantile plots in R. The model for each variable was

then fitted using the “Lme4” package (Bates et al., 2007) with

treatment, period and treatment by period interaction included

as fixed effects and animal identity as a random effect. Animal

group (square) effect was not significant (P > 0.05) and was

dropped from the model. ANOVA Type 3 analysis was used to

test for significance of the fixed factors and the interaction was

dropped in the final model used when P > 0.05. For the model

fitted for mean daily milk production, the average milk yield of

the three days prior to the start of each experimental period was
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included in the model fitted as a covariate to account for pre-

experimental animal to animal differences in the initial milk

yield. Least square means were calculated using the “lsmeans”

package (Lenth and Lenth, 2018) and Tukey’s built in

“Multicompview” package (Graves et al., 2015) in R was used

to separate the means per treatment. Level of significance was

determined at P < 0.05.
Results

Composition of diet ingredients and
experimental diets

The chemical composition of the feed ingredients and the

experimental diets fed to the animals are shown in Table 3. The

CON diet had a lower CP content compared to the two

supplemented diets, with DES having a slightly lower CP than

CUBES (9.7% versus 10.5%, respectively). The CUBES diet had

14% lower NDF, and 17% lower ADF contents compared to

CON, while DES had 16% higher ADF and 63% higher ADL

content compared to CON (41 ± 2.8 g/kg DM). The CUBES diet

had almost double EE content compared to CON and DES that

had the same content. The DES diet had almost three times

higher TEP, about six times higher TT and more than twenty

times higher CT content (1.1%) compared to CON and

CUBES (Table 3).
Feed intake, animal performance and
milk composition

Dietary treatment influenced (P < 0.05) DM, OM, CP, NDF

and ME intake but not ADF intake (P = 0.64, Table 4). The daily

DMI and DM, OM and ME intake when expressed per 100 kg
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LW differed (P < 0.05) among the three treatments with DES

having the lowest and CUBES having the highest intakes.

Animals fed on CON had 13% lower CP intake compared to

DES and 82% compared to animals fed on CUBES. The animals

fed on DES had 19% and 29% lower total NDF intake compared

to cows fed on CON and CUBES, respectively. The Treatment ×

Period interaction was significant (P = 0.013) for the ADF intake,

with lower values reported in Period 1 for the DES treatment

group as compared to the other two experimental periods.

Dietary treatment affected milk yield (P < 0.001), milk SNF

(P = 0.0069) and lactose (P = 0.02) contents (Table 5). Animals

fed on CUBES yielded 54% more milk per day while cows fed on

DES produced 24% less milk per d, compared to the CON fed

animals, even though milk production across all animal groups

was low (<3 L per day). Animals fed on DES had about 6% lower

milk lactose content compared to CON (4.34%) and CUBES

(4.48%) that did not differ from each other. Feeding CUBES

resulted in higher (P < 0.05) milk SNF compared to DES but

feeding CON resulted in similar SNF content to the other two

diets. Animals fed on CUBES had more than double ADG

compared to animals fed on CON and DES that did not differ

(P > 0.05) from each other (Table 5).
Nutrients apparent total tract digestibility
and nitrogen balance

Animals fed on DES had lower (P < 0.05) apparent total tract

digestibility of all measured nutrients (DM, OM, NDF and ADF)

compared to animals fed on CON and CUBES that did not differ

from each other (Table 6). The CP apparent digestibility differed

(P < 0.001) among the three diets with DES resulting in the

lowest (54.6%) and CUBES in the highest (70.3%)

apparent digestibility.
TABLE 3 Chemical composition (g/kg DM, mean ± SE) of the feed ingredients and the formulated experimental diets consisting mainly of
Urochloa brizantha var. Xaraes hay as the basal diet (CON) and supplemented either with Desmodium intortum hay (DES) or commercial dairy
supplement (CUBES).

Component DM OM CP NDF ADF ADL EE TEP TT CT

Diet ingredients g/kg DM (n=6)

Brachiaria hay 875 ± 2.8 905 ± 2.3 54 ± 0.5 626 ± 2.2 329 ± 0.8 39 ± 1.8 08.0 ± 0.14 15.3 ± 0.40 04.9 ± 0.23 00.2 ± 0.03

Desmodium hay 873 ± 3.4 936 ± 2.2 107 ± 3.0 566 ± 9.3 422 ± 6.3 96 ± 1.8 08.1 ± 0.23 44.8 ± 0.63 35.2 ± 0.61 30.2 ± 0.96

Dairy meal 907 ± 2.5 926 ± 3.0 175 ± 1.8 278 ± 6.0 116 ± 3.2 36 ± 0.7 32.3 ± 0.27 05.1 ± 0.05 01.3 ± 0.13 00.2 ± 0.04

Molasses 745 ± 1.4 975 ± 1.5 45 ± 0.5 _ _ _ 02.6 ± 0.11 15.5 ± 1.06 05.1 ± 0.21 01.3 ± 0.18

Urea1 _ _ _ _ _ _ _ _ _ _

Experimental diets (g/kg DM) (n=12)

CON 804 ± 4.9 915 ± 2.0 74 ± 1.1 590 ± 5.6 317 ± 4.0 41 ± 2.8 07.6 ± 0.05 11.4 ± 0.38 03.0 ± 0.21 00.3 ± 0.02

DES 809 ± 4.9 926 ± 2.5 97 ± 1.9 568 ± 3.8 369 ± 2.2 68 ± 2.4 07.6 ± 0.06 27.6 ± 0.52 18.2 ± 0.61 11.1 ± 0.77

CUBES 831 ± 3.4 916 ± 1.7 105 ± 1.0 510 ± 3.5 263 ± 2.1 37 ± 0.4 13.8 ± 0.03 11.1 ± 0.56 02.7 ± 0.10 00.4 ± 0.02
frontiers
DM, dry matter; OM, organic matter; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; ADL, Acid detergent lignin EE, ether extract; TEP, total extractable phenols
(expressed as tannic acid equivalents); TT, total tannins (calculated as TEP – non-tannin Phenols, Makkar et al. (1995)); CT, condensed tannins (expressed as leucocyanidin equivalents);
1Fertilizer grade urea with 46% nitrogen was used.
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Like DMI, digestible DM and OM intake differed (P < 0.001)

among the dietary treatments (Table 6) with animals fed on DES

having 20% lower OM intake compared to CON and 56% lower

than CUBES. Animals fed on CUBES had almost double

digestible CP intake compared to the other two diets that did

not differ from each other. Feeding DES resulted in a lower (P <

0.05) digestible NDF and ADF intake compared to feeding CON

and CUBES that did not differ from each other.

Total N intake differed (P < 0.001) among the three dietary

treatments (Table 7) with animals fed on CON having the lowest

intake while feeding CUBES resulted in the highest N intake.

Animals fed on CON excreted 23% lower N in feces compared to

DES and CUBES that did not differ (P > 0.05) from each other.

However, when fecal N was expressed as a proportion of N

intake, CUBES resulted in the lowest fecal N excretion while DES

having the highest (P < 0.05). Net urinary and milk N output for

animals fed on CUBES were almost twice that excreted by cows

fed on CON and DES. When expressed as a percentage of N
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intake, however, feeding DES resulted in a lower (P < 0.05)

urinary N excretion compared to the other two diets that did not

differ (P > 0.05) from each other (Table 7). Milk N output as a

proportion of N intake was similar across the three dietary

treatments (P = 0.10). Total N retained by animals fed on

CUBES was almost double that reported with CON and DES

that did not differ from each other (P > 0.05). When N retained

was expressed as a percentage of N intake, however, the three

diets differed from each other (P < 0.001) with CUBES still

having the highest N retention and CON having the lowest.

Animals fed on CUBES had about eight units higher N use

efficiency (retained N + milk N/N intake; %) compared to

animals fed on CON and DES that did not differ from each

other (P > 0.05). Period had a significant effect (P = 0.02) on N

retained as a proportion of N intake with the figures reported in

Period 1 being lower compared to the other two feeding periods.

Period and Treatment × Period effects were significant (P < 0.05)

for net N intake and fecal N excretion with lower values reported
TABLE 5 Daily milk production, milk composition and average daily gain (ADG) of crossbred cows (n=12) fed either on a control diet (CON)
consisting mainly of Urochloa brizantha var. Xaraes hay alone or the control diet supplemented with either Desmodium intortum hay (DES) or a
commercial dairy supplement (CUBES) over 3 feeding periods with the measurements lasting for 28 d.

Treatment P value

Parameter CON DES CUBES PSEM Treatment (T) Period (P) T × P

Milk production parameters (kg/d)

Milk yield 001.84b 001.39c 002.84a 00.15 <0.001 00.29 0.29

FPCM 002.21b 001.55c 003.17a 00.17 <0.001 00.50 0.64

Milk composition (%)

Fat 005.04 005.11 005.06 00.304 00.99 <0.001 0.39

SNF 007.86ab 007.53b 008.16a 00.196 00.007 00.67 0.55

Lactose 004.34a 004.10b 004.48a 00.105 00.020 00.71 0.94

Protein 003.89 002.77 003.07 00.606 00.42 00.42 0.42

Total solids 012.7 012.5 013.1 00.46 00.25 00.003 0.54

ADG (g/d) 326b 193b 671a 58.3 <0.001 00.012 0.53
frontie
a-cWithin a row, least square means without a common superscript differ (P < 0.05); ADG, average daily gain; PSEM, pooled standard error of mean.
TABLE 4 Mean daily nutrient (kg/100 kg LW) and metabolizable energy intake (MJ/d) of crossbred cows (n=12) fed either on a control diet (CON)
consisting mainly of Urochloa brizantha var. Xaraes hay alone or the control diet supplemented with either Desmodium intortum hay (DES) or a
commercial dairy supplement (CUBES) over three periods with each period lasting for 28 d.

Treatment P value

Parameter CON DES CUBES PSEM Treatment (T) Period (P) T × P

DMI (kg/d) 8.91b 7.74c 10.85a 0.37 <0.001 0.05 0.007

DMI (kg/100 kg LW1) 2.55b 2.20c 3.22a 0.086 <0.001 0.37 0.08

OMI 2.33b 2.04c 2.94a 0.080 <0.001 0.32 0.07

CPI 0.20c 0.22b 0.36a 0.008 <0.001 0.10 0.14

NDFI 1.48a 1.24b 1.60a 0.048 <0.001 0.62 0.06

ADFI 0.79 0.79 0.81 0.029 0.64 0.08 0.013

MEI2 (MJ/d) 83.7b 66.2c 116.1a 4.17 <0.001 0.73 0.48
DMI, dry matter intake; OMI, organic matter intake; CPI, crude protein intake; NDFI, neutral detergent fiber intake; ADFI, acid detergent fiber intake; LW, live weight; MEI, metabolizable
energy intake; PSEM, pooled standard error of mean; a-c Within a row, least square means without a common superscript differ (P < 0.05); 1LW used was the average of the initial and final
liveweight in each period; 2ME was calculated using equation by AFIA (2014): ME = 0.203 * %OMD - 3.001, where OMD is the measured OM apparent total tract digestibility.
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in Period 1 for the treatment groups CON and DES compared to

the other two periods. There was also a period effect (P < 0.001)

on net milk N output as well as when expressed as a proportion

of N intake with values reported in Period 1 being lower than

Period 3.
Enteric methane emissions

The daily enteric CH4 emission (g CH4/d) of the animals

fed on the three experimental diets differed (P < 0.001) from
Frontiers in Animal Science 09
each other (Table 8) with feeding CUBES resulting in the

highest and DES the lowest daily CH4 emissions. When CH4

was expressed either per DMI (MY), OM intake (OMI),

digestible OMI (DOMI) or as CH4 conversion factor (Ym:

CH4 MJ/GE intake (MJ)), animals fed on CON had 7 - 9%

higher CH4 emissions compared with DES and CUBES that did

not differ from each other (P > 0.05). The CUBES diet had

lower (P < 0.001) EI (g CH4/kg CP out) compared to the other

two diets that did not differ from each other but only showed a

trend (P = 0.08) when emissions were expressed per unit

FPCM (Table 8).
TABLE 7 Mean daily nitrogen (N) intake, N excretion and N retention of crossbred cows (n=12) fed on a control diet (CON) consisting mainly of
Urochloa brizantha hay alone or supplemented with either Desmodium intortum hay (DES) or a commercial dairy supplement (CUBES) over three
periods with the measurements lasting for 7 d.

Treatment P value

Parameter CON DES CUBES PSEM Treatment (T) Period (P) T × P

N intake (g/d) 110.8c 127.6b 195.1a 6.52 <0.001 00.037 0.019

N excreted (g/d)

Fecal N 044.1b 057.7a 057.6a 2.78 <0.001 00.012 0.038

Urinary N 036.6b 032.2b 068.9a 2.49 <0.001 00.99 0.91

Milk N 008.7b 007.2b 014.9a 1.85 <0.001 00.021 0.24

N excreted as a proportion of N intake (%)

Fecal N 040.0b 045.4a 029.7c 1.12 <0.001 00.39 0.30

Urine N 033.4a 026.3b 035.5a 1.45 <0.001 00.20 0.09

Milk N 007.9 005.6 007.6 1.21 00.10 <0.001 0.70

Retained N (g/d) 021.4b 030.5b 053.7a 5.84 <0.001 00.12 0.26

Retained N/N intake (%) 019.3c 023.9b 027.5a 1.40 <0.001 00.02 0.29

(Retained N + Milk N)/N intake (%) 26.9b 028.4ab 034.9a 2.13 00.034 00.12 0.07
frontie
N, nitrogen; PSEM, pooled standard error of mean; a-c Within a row, least square means without a common superscript differ (P < 0.05).
TABLE 6 Mean apparent total tract digestibility of nutrients and total digestible nutrient intake of crossbred cows (n=12) fed either on a control
diet (CON) consisting mainly of Urochloa brizantha var. Xaraes hay alone or supplemented with either Desmodium intortum hay (DES) or a
commercial dairy supplement (CUBES) with each measurement period lasting for 7 d.

Treatment P value

Parameter1 CON DES CUBES PSEM Treatment (T) Period (P) T×P

Apparent digestibility (%)

DM 63.7a 59.3b 66.2a 0.86 <0.001 0.76 0.86

OM 66.7a 61.3b 69.4a 0.81 <0.001 0.18 0.96

CP 60.0b 54.6c 70.3a 1.06 <0.001 0.07 0.51

NDF 64.9a 56.2b 61.8a 1.11 <0.001 0.07 0.92

ADF 63.5a 50.6b 60.3a 0.98 <0.001 0.05 0.91

Digestible nutrient intake (kg/d)

DDMI 05.67b 04.78c 07.30a 0.307 <0.001 0.57 0.07

DOMI 05.53b 04.60c 07.16a 0.297 <0.001 0.11 0.06

DCPI 00.42b 00.44b 00.86a 0.033 <0.001 0.12 0.52

DNDFI 03.43a 02.59b 03.45a 0.159 <0.001 0.003 0.09

DADFI 01.77a 01.49b 01.74a 0.083 <0.001 0.001 0.03
rs
DM, dry matter; OM, organic matter; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent; DDMI, digestible dry matter intake; DOMI, digestible organic matter intake;
DCPI, digestible crude protein intake; DNDFI, digestible neutral detergent fiber intake; DADFI, digestible acid detergent fiber intake; PSEM, pooled standard error of mean. a,b,c Within a
row, least square means without a common superscript differ (P < 0.05).
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Discussion

Chemical composition and apparent
total tract digestibility of the
experimental diets
The low-quality CON diet (CP < 7.5% and ME = 8 MJ/kg)

used in the present study was formulated to represent an average

cattle diet in smallholder dairy systems in Sub-Saharan Africa,

where high roughage diets form the main ration offered to

ruminants. The two supplemented diets (DES and CUBES)

were intended to contain a similar but higher CP content

(10.5% CP) than CON and therefore support higher level of

animal production (4 L vs 3 L of milk yield per d). While DES

had marginally lower CP content (97 g CP/kg DM) than CUBES

(105 g CP/kg DM), this was probably biologically too small to

trigger any differences in animal’s response. The lower CP

content (10.7% DM) than expected (13.0-18.3% DM) (Osuji

and Odenyo, 1997) in the Desmodium hay used necessitated a

higher inclusion rate of about 58%. The low CP in the

Desmodium hay was likely the case because the crop was

harvested at six months of regrowth instead of the

recommended three months (Heuzé et al., 2017) to allow for

the primary crop in the push-pull system to mature. The possible

loss of some leaf material that is generally higher in CP and

tannins content than the stems during hay making and

transportation could have also contributed to the rather low

CP content (Kumar and Vaithiyanathan, 1990). The other

chemical composition parameters such as NDF and ADF of

the Desmodium intortum hay, though in line with what is

reported elsewhere in literature (Perez-Maldonado and

Norton, 1996; Kariuki et al., 1999; Kariuki et al., 2001;

Nurfeta, 2010), were on the higher end. The PSC content of

the leguminous hay (3.5% DM TT and 3.0% DM CT) agreed
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with findings by Perez-Maldonado and Norton (1996) who

reported 3.2% DM CT and Tolera and Sundstol (2000) who

reported 3.5% DM TT for Desmodium intortum hay. Getachew

et al. (2000), however, found higher PSC contents in fresh

Desmodium intortum forage (TEP: 8.5% and TT: 7.6% DM).

Despite the relatively low tannin content in DES (TT: 1.8%

DM), where deleterious effects on feed intake would not be

expected to manifest, DMI by animals fed the diet was depressed.

The reduction in feed intake was accompanied by a reduction in

CP apparent digestibility suggesting a possible suboptimal

microbial activity in the rumen resulting in slow digestion

playing a part in this. Several previous studies supplementing

low quality basal diets offered to ruminants with Desmodium

intortum reported no effect of feeding the legume on intake

(Kariuki et al., 1999; Nurfeta, 2010), even at higher inclusion

level (66%) than used in the present study (Tolera and Sundstol,

2000). Our finding, however, was in agreement with other

studies where ruminants fed on diets rich in tannins also

decreased feed intake (Grainger et al., 2009: Acacia mearnsii

supplementation with dietary CT levels of 0.9 and 1.5% DM;

Dschaak et al., 2011: supplementation with Quebracho tannin

extract resulting in 3% DM dietary CT). The lower intake with

Desmodium hay supplementation could be explained by the

depressed DMD compared to the other two diets that could have

slowed down rumen passage rate (Jayanegara et al., 2012). When

tannins are present in ruminants’ diet, these have been shown to

bind to dietary and salivary protein during chewing in the mouth

forming Protein-Tannin complexes that are quite stable at

normal rumen pH (5.5-7.0) (Makkar et al., 1995). This

binding, depending on activity and tannin concentration in

the diet can significantly reduce proteolysis in the rumen and

therefore influencing microbial growth and activity and hence

fibre digestion. It is also thought that presence of tannins in feed

reduces its palatability because of the astringent taste it exerts

(Mueller-Harvey, 2006). We cannot substantiate this theory in
TABLE 8 Mean daily methane production (DMP), methane yield (MY), methane produced per organic matter intake (OMI) and digested OMI
(DOMI), methane conversion factor (Ym) and methane emission intensity (EI; g CH4/kg of fat and protein corrected milk; FPCM) of crossbred cows
(n=12) fed on either a control diet (CON) consisting mainly of Urochloa brizantha var Xaraes hay alone or supplemented with either Desmodium
intortum hay (DES) or a commercial dairy supplement (CUBES).

Treatment P value

Parameter CON DES CUBES PSEM Treatment (T) Period (P) T × P

g CH4/d 245b 182c 272a 08.72 <0.001 0.09 0.11

g CH4/kg DMI 027.6a 023.6b 025.2b 00.58 <0.001 0.07 0.09

g CH4/kg OMI 030.2a 025.5b 027.6b 00.63 <0.001 0.09 0.08

g CH4/kg DOMI 041.7a 038.1b 036.4b 00.85 0.001 0.10 0.034

Ym(CH4 MJ/GEI (MJ)) 000.085a 000.074b 000.079b 00.002 <0.001 0.039 0.041

EI, (g CH4/kg FPCM)1 253 297 175 62.4 00.08 0.012 0.98

EI, (kg CH4/kg CP output)2 2.96a 2.83a 1.78b 0.28 <0.001 <0.001 0.81
frontie
CH4, methane; DMI, dry matter intake, Ym, methane conversion factor; a-c Within a row, least square means without a common superscript differ (P < 0.05); PSEM, pooled standard error of
mean; 1Calculated with the milk yield measured during the enteric CH4 measurement week using the equation by Gerber et al. (2011):FPCM (kg)=raw milk (kg) x (0.337 + 0.116 x fat
content (%)) + 0.06 x protein content (%)); 2CP output is the sum of total CP in milk and CP deposited as live weight gain assuming dressing percentage of 52% (Muchenje et al., 2008), meat
percentage of 85% (Mummed and Webb, 2019) and meat CP content of 21% on wet basis (Muchenje et al., 2008),
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the present study because the tannin content of the total ration

offered to the animals was considered low and there was no

evidence of animals selecting against the Desmodium hay.

The lower nutrient apparent digestibility observed in

animals fed on the tannin-rich DES compared to the animals

fed on CON was also reported in other studies where tannin -

rich diets were fed to cattle. Pineiro-Vazquez et al. (2018) adding

Quebracho tannin extract (91% CT) at an increasing rate of

between 1-4% of the total ration to a basal diet consisting of

Pennisetum purpureum observed a 2% decrease in DMD for

every 1% increase of the extract. Ahnert et al. (2015) also while

adding Quebracho tannin extract to the diet of crossbred heifers

observed a reduced CP digestibility with dietary TT contents

above 1.4% and a reduction in DM, OM and NDF digestibility

above 2.7% dietary TT on DM basis. The suppressed nutrient

apparent total tract digestibility observed with DES, despite the

relatively low concentration of 1.8% dietary TT, could be due to

the low CP content in the total diet. Anti-nutritional effects of

tannins have been shown to be more pronounced in low protein

diets (Hill et al., 1986; Butler, 1989). It is therefore possible that

the reduced DMD observed in the present study at rather low TT

content, was because of the tannin binding and reducing

degradability of already marginal CP content in the diet,

compromising on microbial nourishment and hence

lower activity.

The increased DMI reported with CUBES agreed with

findings elsewhere in the literature where animals fed on low

quality basal diets were supplemented with highly digestible

protein concentrates (Koster et al., 1996; Mathis et al., 2000).

Protein supplementation has been shown to improve overall diet

digestibility which in turn increases rumen passage rate and

DMI (Koster et al., 1996; Mathis et al., 2000). The dairy

supplement used being low in NDF content, could have also

reduced overall diet bulkiness and therefore reducing the filling

effect in the rumen and hence allowing for higher intake

(Ketelaars and Tolkamp, 1992).

The OM digestibility of the control diet in the present study

(67%) was higher compared to similar grass-based diets fed to

cattle in experiments conducted in the tropics (48-63%, (Korir

et al., 2016; Pineiro-Vazquez et al., 2018; Goopy et al., 2020) and

this was likely a result of the inclusion of urea and molasses that

could have provided readily available carbohydrate and N in the

rumen and therefore supporting higher microbial growth and

fibrolytic activity (Jetana et al., 2000).

Feeding CUBES resulted in higher animal performance

(higher milk and ADG) and this was likely because of the

higher digestible nutrient intake compared to animals fed on

the other two diets. The lower milk yield by animals fed on DES

on the other hand could be explained by the lower digestible

nutrient intake, limiting production. With DES having the

lowest milk yield yet not the lowest digestible CP intake, this

is suggestive that available energy intake was the first limiting
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nutrient to animal production, and this could be related to the

low digestible OM intake in the diet. Supplementation with

better managed Desmodium intortum forage therefore need to

be investigated to establish optimal inclusion levels that will

improve nutrient intake and hence animal production in

smallholder tropical context (Kariuki et al., 2001). Overall, the

lower milk production (<3 L per day) by all animals used in the

present study than what was predicted based on their nutrient

intake was probably a result of poor nutrition during their early

lactation that could have suppressed their peak and subsequent

lactation (Duffield et al., 2009). When ME spent on milk

production and weight gain were predicted using a feed

formulation model (Moran, 2005), the animals seemed to

partition more energy (4 – 17%) towards weight gain than

lactation irrespective of dietary treatment. This observation

however did not agree with the findings by Jenet et al. (2006)

who observed a higher energy partitioning towards milk in cows

of similar genotype that were fed on Cynadon dactaylon (CP: 46

g/kg DM; 7.5 MJ) and supplemented with wheat bran (CP: 161

g/kg DM; 10.1 MJ) at 35% of the ration. It should however be

noted that the animals in the latter study were at an early stage of

lactation (week 0 - 12 post calving) suggesting a more push by

the animals towards nourishing their calves at this stage (Jenet

et al., 2006) and were consistently in a better plane of nutrition;

suggesting a modest loss of body reserves than what possibly

occurred in the animals used in the present study. Especially

under suboptimal feeding conditions, cows in their later stages of

lactation have been shown to preferentially partition energy to

replenishing body reserves at the expense of milk production in

preparation for the next production cycle (Xue et al., 2011), and

this could explain the trend observed in the present study
Effects of supplementation on nitrogen
balance

Feeding either CON or CUBES did not affect the proportion

of dietary N excreted in urine despite the animals fed on the

latter diet having higher N intake. This was likely the case

because animals fed on this diet had higher ADG suggesting a

higher proportion of dietary N being captured and deposited in

body tissues. In the present study, N fraction retained increased

with both supplementation options (by 24% and 42% for DES

and CUBES, respectively) in comparison to CON and was likely

driven by different mechanisms related to the diets’ chemical

composition. The increased CP digestibility and higher ME

content in the CUBES diet could have improved the N:energy

ratio in the rumen, allowing for more dietary N to be captured

for microbial protein synthesis and subsequently used by

animals for their protein synthesis (Hoover and Stokes, 1991;

Colmenero and Broderick, 2006). On the other hand, the

presence of tannins in DES, could have improved N retention
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by reducing CP degradation in the rumen and therefore avoiding

high ammonia tension in the rumen that encourages high N

losses through the rumen wall into the portal systems and end

up being excreted in urine (Stewart et al., 2019). In agreement

with other studies involving diets rich in tannins, a shift in N

excretion patterns from urine to feces was observed in the

animals supplemented with Desmodium hay (Stewart et al.,

2019; Herremans et al., 2020). It is not clear whether some

tannin- protein complexes formed in the rumen fail to dissociate

in the lower digestive tract or they dissociate, and new complexes

formed, but what is generally observed is increased faecal N

(Frutos et al., 2004). This shift in N excretion towards the fecal

route could reduce environmental pollution because N in feces is

less volatile compared to that excreted in urine and therefore

reduces the proportion of excreted N being converted to

ammonia or nitrous oxide (Rotz, 2004).

As the dietary protein was marginal for production in the

three diets tested in the present study, the amount of N of dietary

origin excreted in faeces may have been overestimated because

the proportion of metabolic N in the faecal excretion is known to

be higher in low quality diets (Ferrell et al., 2005). Caution

therefore should be taken when interpreting CP apparent

digestibility and N balance because metabolic N in feces were

not measured and thus not accounted for in the calculations.
Effects of supplementation on enteric
methane production

Animals fed on DES produced the lowest daily enteric CH4

emission compared to the other two diets tested and this could

be explained by the lower DMI andMY, which were likely effects

of tannins as described earlier. On the other hand, the higher

DMI associated with commercial dairy concentrate

supplementation resulted in higher absolute CH4 emissions

despite having a lower MY than CON. Both supplementation

options (CUBES and DES) resulted in lower MY and Ym

compared to the CON diet, which could be attributed to the

presence of tannins in DES and possibly a combination of both

presence of lipids and higher OM digestibility of the CUBES diet.

Tannins and lipids have both been shown to have inhibitory

effects on enteric CH4 production when present in ruminants’

diets (Beauchemin et al., 2008). Tannins have been shown to

bind to CP and fiber in the diet reducing their digestibility and

hence substrate availability for conversion to CH4 by

methanogens (Grainger et al., 2009; Williams et al., 2020). The

simultaneous reduction in OMD and MY observed for the DES

diet supports this explanation. Plant secondary metabolites also

have the potential to suppress methanogenic activity by either

intoxicating the protozoa or binding to microbial enzymes

(McSweeney et al., 2001). The effect of the diets on rumen

microbes was, however, not characterized in the present study.
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The 9% reduction in MY for CUBES compared to CON was

higher than the predicted 2.2 – 3.5% when using equations

available in literature (Beauchemin et al., 2008; Moate et al.,

2011) based on the EE difference of 6.2 g/kg DM between the two

diets. Moate et al. (2011), from a meta-analysis using data from

experiments with dairy and beef cattle supplemented with lipid-

rich concentrates, observed a reduction of 3.5% in MY for every

10g/kg DM increase in dietary fat, while Beauchemin et al.

(2008) in a similar review with cattle and sheep, reported a 5.6%

reduction with the same magnitude of increase in dietary fat

content. The higher EE content in CUBES than in the other two

diets could have triggered several mechanisms suppressing CH4

production per unit feed intake, including reduction in fiber

digestion and protozoal numbers in the rumen (McGinn et al.,

2004; Beauchemin et al., 2008). A trend towards lower NDF

digestibility when feeding CUBES compared to CON supports

this hypothesis. The higher response in MY (-9%) than expected

when feeding CUBES in addition to the presence of fat, could be

explained by higher DMI (than CON) that is also associated with

shorter rumen retention time and hence lower MY (Goopy et al.,

2014). Though passage rate was not measured in the present

study, shorter rumen retention time has been observed to lead to

a more propionate fermentation pathway and a reduction in the

contact time between the methanogens and the substrate; both

leading to a lower MY (Janssen, 2010).

The EI (g CH4/kg FPCM), although not statistically different

among the three diets because of huge variability within diets,

was 31% lower for animals fed on CUBES compared to CON.

This observation was consistent with other findings in the

literature where increasing milk production in low yielding

animals (< 6 L per d) is associated with a reduction in EI

(Gerber et al., 2011). When emissions were, however, expressed

per CP output, CUBES had lower EI compared to CON and DES

and this is probably because the animals fed on CUBES had the

highest ADG as well and therefore depositing more CP

compared to the other two diets.
Conclusions and recommendations

The present study shows that supplementing lactating

crossbred cows fed on a low-quality basal diet with either a

commercial dairy concentrate or a tannin rich Desmodium

intortum hay improved N use efficiency and reduced enteric MY

and Ym. While dairy concentrate supplementation improved feed

intake and animal production, i.e., milk yield and weight gain,

supplementation with almost 60% Desmodium intortum hay

suppressed total nutrient intake and digestibility, and negatively

affected animal production. The low CP and high lignin contents as

well as the presence of tannins in the Desmodium hay used might

explain these undesired effects on intake and animal performance.

Desmodium hay supplementation, however, showed some positive
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environmental outcomes including reduced enteric CH4

production and a shift in N excretion to the less volatile fecal

route. Further animal experiments are needed to evaluate the

potential of Desmodium hay as a supplement by using better

quality Desmodium intortum hay to determine optimal

supplementation levels for realization of the environmental gains

reported without compromising animal production. The use of

commercial concentrates could be a viable option to improve

animal production and reduce enteric CH4 emission intensity but

its economic feasibility in smallholder context needs to

be investigated.
Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation,

upon request to the corresponding author..
Ethics statement

The animal study was reviewed and approved by the

International Livestock Research Institute’s Institutional

Animal Care and Use Committee (IACUC, Reference number:

IACUC 2019-09).
Author contributions

DK designed, planned and conducted the animal trial,

processed, analysed the data and took the lead role in the

writing the manuscript. RE contributed to designing and

planning of the experiment, and revision of the manuscript to

writing the manuscript. JG contributed to the designing of the

experiment and revision of the manuscript. CA contributed to

data analysis and revision of the manuscript. LM contributed to

searching for funds and revision of the manuscript. SM

contributed to the designing planning, data processing, writing

and revision of the manuscript. All authors have approved the

manuscript for publication.
Frontiers in Animal Science 13
Funding

This project was funded by the German Federal Ministry for

Economic Cooperation and Development (BMZ) and the

German Technical Cooperation (GIZ) under the project:

Programme for Climate Smart Livestock (PCSL, grant no:

2017.0119.2). The authors also acknowledge the CGIAR Fund

Council, Australia (ACIAR), Irish Aid, European Union,

International Fund for Agricultural Development (IFAD),

Netherlands, New Zealand, UK, USAID and Thailand for

funding to the CGIAR Research Program on Livestock.
Acknowledgments

The authors are grateful to Jesse Kagai, Erick Kiprotich and

Nelson Saya for assisting in conducting the animal trial. We also

appreciate the assistance of Dr. Alice Onyango and Rodgers

Rogito for carrying out the proximate analyses of the samples

collected during the animal experiment. We sincerely thank Dr.

Uta Dickhoefer; Institute of Agricultural Sciences in the Tropics,

University of Hohenheim for allowing us to send our samples for

plant secondary metabolites analyses in their facilities. I also

want to acknowledge Dr. Cesar Patino Pinares who provided

internal review for this work.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
Aboagye, I. A., Oba, M., Castillo, A. R., Koenig, K. M., Iwaasa, A. D., and
Beauchemin, K. A. (2018). Effects of hydrolyzable tannin with or without
condensed tannin on methane emissions, nitrogen use, and performance of beef
cattle fed a high-forage diet. J. Anim. Sci. 96, 5276–5286. doi: 10.1093/jas/sky352

AFIA (2014). AFIA - laboratory methods manual. publication no. 03/001
(Melbourne, VIC: Australian Fodder Industry Association Ltd).
Ahnert, S., Dickhoefer, U., Schulz, F., and Susenbeth, A. (2015). Influence of
ruminal quebracho tannin extract infusion on apparent nutrient digestibility,
nitrogen balance, and urinary purine derivatives excretion in heifers. Livest. Sci.
177, 63–70. doi: 10.1016/j.livsci.2015.04.004

Bakrie, B., Hogan, J., Liang, J., Tareque, A., and Upadhyay, R. (1996). Ruminant
nutrition and production in the tropics and subtropics, Australian centre for
frontiersin.org

https://doi.org/10.1093/jas/sky352
https://doi.org/10.1016/j.livsci.2015.04.004
https://doi.org/10.3389/fanim.2022.963323
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org


Korir et al. 10.3389/fanim.2022.963323
international agricultural research, monograph no. 36, 119–29 (Canberra, Australia:
Australian Centre for International Agricultural Research).

Bates, D., Sarkar, D., Bates, M. D., and Matrix, L. (2007). The lme4 package. R.
Package Ver. 2 (1), 74.

Beauchemin, K. A., Kreuzer, M., O'Mara, F., and McAllister, T. A. (2008).
Nutritional management for enteric methane abatement: a review. Aust. J. Exp.
Agric. 48, 21–27. doi: 10.1071/Ea07199

Beauchemin, K. A., McGinn, S. M., Martinez, T. F., and McAllister, T. A. (2007).
Use of condensed tannin extract from quebracho trees to reduce methane
emissions from cattle. J. Anim. Sci. 85, 1990–1996. doi: 10.2527/jas.2006-686

Bohnert, D. W., DelCurto, T., Clark, A. A., Merrill, M. L., Falck, S. J., and
Harmon, D. L. (2011). Protein supplementation of ruminants consuming low-
quality cool- or warm-season forage: differences in intake and digestibility. J. Anim.
Sci. 89, 3707–3717. doi: 10.2527/jas.2011-3915

Butler, L. G. (1989). Effects of condensed tannin on animal nutrition. In chemistry
and significance of condensed tannins, pages 391–402 (Boston, MA: Springer).

Castro-Montoya, J. M., Garcia, R. A., Ramos, R. A., Flores, J. M., Alas, E. A., and
Corea, E. E. (2018). Dairy cows fed on tropical legume forages: effects on milk yield,
nutrients use efficiency and profitability. Trop. Anim. Health Prod. 50, 837–843.
doi: 10.1007/s11250-017-1505-3

Colmenero, J. J., and Broderick, G. A. (2006). Effect of dietary crude protein
concentration on milk production and nitrogen utilization in lactating dairy cows.
J. Dair. Sci. 89, 1704–1712. doi: 10.3168/jds.S0022-0302(06)72238-X

Cook, S. M., Khan, Z. R., and Pickett, J. A. (2007). The use of push-pull strategies
in integrated pest management. Annu. Rev. Entomol. 52, 375–400. doi: 10.1146/
annurev.ento.52.110405.091407

Detmann, E., Valente, E. E. L., Batista, E. D., and Huhtanen, P. (2014). An
evaluation of the performance and efficiency of nitrogen utilization in cattle fed
tropical grass pastures with supplementation. Livest. Sci. 162, 141–153.
doi: 10.1016/j.livsci.2014.01.029

Dschaak, C. M., Williams, C. M., Holt, M. S., Eun, J. S., Young, A. J., and Min, B.
R (2011). Effects of supplementing condensed tannin extract on intake, digestion,
ruminal fermentation, and milk production of lactating dairy cows. J. Dairy Sci 94,
2508–2519. doi: 10.3168/jds.2010-3818

Duffield, T. F., Lissemore, K. D., McBride, B. W., and Leslie, K. E. (2009). Impact
of hyperketonemia in early lactation dairy cows on health and production. J. Dair.
Sci. 92, 571–580. doi: 10.3168/jds.2008-1507

Ericksen, P. J., and Crane, T. A. (2018). The feasibility of low emissions
development interventions for the East African livestock sector: Lessons from
Kenya and Ethiopia. In.: ILRI. Res. Rep. Nairobi. 46 Int. Livest. Res. Inst. (ILRI)
Nairobi:Kenya, pp 1–25. Available at: https://hdl.handle.net/10568/91527.

Ferrell, C. L., Freetly, H. C., Goetsch, A. L. et, and Kreikemeier, K. K. (2005). The
effect of dietary nitrogen and protein on feed intake, nutrient digestibility, and
nitrogen flux across the portal-drained viscera and liver of sheep consuming high-
concentrate diets ad libitum. J. Anim. Sci. 79, 1322–1328. doi: 10.2527/
2001.7951322x

Franzel, S., Wambugu, C., Stewart, J., and Sande, B. D. (2005). Fodder shrubs for
improving incomes of dairy farmers in the east African highlands. Trop. Grassl. 39
(4), 212–212.
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Gamboa, J. A., Chay-Canul, A. J., Ayala-Burgos, A. J., et al. (2018). Effect of
condensed tannins from leucaena leucocephala on rumen fermentation, methane
production and population of rumen protozoa in heifers fed low-quality forage.
Asian-australas. J. Anim. Sci. 31, 1738–1746. doi: 10.5713/ajas.17.0192

Pineiro-Vazquez, A. T., Jimenez-Ferrer, G., Alayon-Gamboa, J. A., Chay-Canul,
A. J., Ayala-Burgos, A. J., Aguilar-Perez, C. F., et al. (2018). Effects of quebracho
tannin extract on intake, digestibility, rumen fermentation, and methane
production in crossbred heifers fed low-quality tropical grass. Trop. Anim.
Health Prod. 50, 29–36. doi: 10.1007/s11250-017-1396-3

Porter, L. J., Hrsrich, L. N., and Chan, B. G. (1986). The conversion of
procyanidins and prodelphinidins to cyanidin and delphinidin. Phytochemistry 1,
223–30. doi: 10.1016/S0031-9422(00)94533-3

Rotz, C. A. (2004). Management to reduce nitrogen losses in animal production.
J . Anim. Sc i . 82 E-Suppl (suppl_13) , E119–E137. doi : 10.2527/
2004.8213_supplE119x

Shreck, A. L., Zeltwanger, J. M., Bailey, E. A., Jennings, J. S., Meyer, B. E., and
Cole, N. A. (2021). Effects of protein supplementation to steers consuming low-
quality forages on greenhouse gas emissions. J. Anim. Sci. 99, skab147. doi: 10.1093/
jas/skab147

Stewart, E. K., Beauchemin, K. A., Dai, X., MacAdam, J. W., Christensen, R. G.,
and Villalba, J. J. (2019). Effect of tannin-containing hays on enteric methane
emissions and nitrogen partitioning in beef cattle1. J. Anim. Sci. 97, 3286–3299.
doi: 10.1093/jas/skz206

Tolera, A., and Sundstol, F. (2000). Supplementation of graded levels of
desmodium intortum hay to sheep feeding on maize stover harvested at three
stages of maturity - 1 Feed intake, digestibility and body weight change. Anim. Feed
Sci. Technol. 85, 239–257 doi: 10.1016/S0377-8401(00)00135-8

Topps, J. H. (1992). Potential, composition and use of legume shrubs and trees as
fodders for livestock in the tropics. J. Agr. Sci-Cambr. 118, 1–8. doi: 10.1017/
S0021859600067940

Van Soest, P., Robertson, J., and Lewis, B. (1991). Carbohydrate methodology
and nutritional implications in dairy cattle. methods for dietary fiber, neutral
detergent fiber and non-starch polysaccharides in relation to animal nutrition. J.
Dair. Sci. 74, 3583–3597. doi: 10.3168/jds.S0022-0302(91)78551-2

Waghorn, G. (2008). Beneficial and detrimental effects of dietary condensed
tannins for sustainable sheep and goat production–progress and challenges. Anim.
Feed. Sci. Technol. 147, 116–139. doi: 10.1016/j.anifeedsci.2007.09.013

Williams, S. R. O., Hannah, M. C., Eckard, R. J., Wales, W. J., and Moate, P. J.
(2020). Supplementing the diet of dairy cows with fat or tannin reduces methane
yield, and additively when fed in combination. Animal 14, s464–s472. doi: 10.1017/
S1751731120001032

Xue, B., Yan, T., Ferris, C. F., and Mayne, C. S. (2011). Milk production and
energy efficiency of Holstein and Jersey-Holstein crossbred dairy cows offered diets
containing grass silage. J. Dair. Sci. 94, 1455–1464. doi: 10.3168/jds.2010-3663
frontiersin.org

https://doi.org/10.1002/jsfa.2740610205
https://doi.org/10.1002/jsfa.2740610205
https://doi.org/10.1079/bjn19950095
https://doi.org/10.1002/jsfa.2740540302
https://doi.org/10.2527/2000.781224x
https://doi.org/10.2527/2000.781224x
https://doi.org/10.2527/2004.82113346x
https://doi.org/10.2527/2004.82113346x
https://doi.org/10.1016/S0377-8401(01)00232-2
https://doi.org/10.1016/j.anifeedsci.2011.04.069
https://doi.org/10.1016/j.meatsci.2007.07.026
https://doi.org/10.1016/j.meatsci.2007.07.026
https://doi.org/10.1002/jsfa.2577
https://doi.org/10.5539/jas.v11n18p45
https://doi.org/10.1111/j.1439-0396.2009.00960.x
http://www.fao.org/3/i3461e/i3461e.pdf
http://www.fao.org/3/i3461e/i3461e.pdf
https://doi.org/10.1016/S0377-8401(97)81620-3
https://doi.org/10.1079/bjn19960060
https://doi.org/10.1079/bjn19960060
https://doi.org/10.5713/ajas.17.0192
https://doi.org/10.1007/s11250-017-1396-3
https://doi.org/10.1016/S0031-9422(00)94533-3
https://doi.org/10.2527/2004.8213_supplE119x
https://doi.org/10.2527/2004.8213_supplE119x
https://doi.org/10.1093/jas/skab147
https://doi.org/10.1093/jas/skab147
https://doi.org/10.1093/jas/skz206
https://doi.org/10.1016/S0377-8401(00)00135-8
https://doi.org/10.1017/S0021859600067940
https://doi.org/10.1017/S0021859600067940
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.1016/j.anifeedsci.2007.09.013
https://doi.org/10.1017/S1751731120001032
https://doi.org/10.1017/S1751731120001032
https://doi.org/10.3168/jds.2010-3663
https://doi.org/10.3389/fanim.2022.963323
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org

	Effects of replacing Brachiaria hay with either Desmodium intortum or dairy concentrate on animal performance and enteric methane emissions of low-yielding dairy cows
	Introduction
	Materials and methods
	Experimental design and animals used
	Experimental diets
	Feeding and milking
	Intake and liveweight measurements
	Urine and fecal collection for N balance measurements
	Measurements of enteric methane emissions
	Laboratory analysis
	Statistical analysis

	Results
	Composition of diet ingredients and experimental diets
	Feed intake, animal performance and milk composition
	Nutrients apparent total tract digestibility and nitrogen balance
	Enteric methane emissions

	Discussion
	Chemical composition and apparent total tract digestibility of the experimental diets
	Effects of supplementation on nitrogen balance
	Effects of supplementation on enteric methane production

	Conclusions and recommendations
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


