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In Africa, cattle are often fed low quality tropical roughages resulting in low-
yielding animals with high methane (CH,) emission intensity (El, 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 CHy4
production and animal performance (milk and average daily gain). Twelve mid-
lactating crossbred (Friesian x Boran) cows (initial liveweight = 335 kg) were
used in a 3x3 (Period x 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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protein supplementation, tannins, milk production, digestibility, low quality diet

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 (CH,) yield (MY; CH,
emitted per unit feed intake (Goopy et al., 2020) and higher CH,4
emission intensities (EI; CH,4 per unit of product; (Opio et al.,
20135 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
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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 CH,4
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 (Pifeiro-Vazquez 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 CH,/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 CH, 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 3x3 (Period x 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 CH, emissions.

Twelve crossbred cows (Friesian x 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 x 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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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)
Al CON

A2 CON

B3 CUBES

B4 CUBES

c5 DES

c6 DES

Period 2 Wash-out period (3d) Period 3
DES CUBES
CUBES DES

DES CON
CON DES
CUBES CON
CON CUBES

A, B, C, - Animal groups each with 4 crossbred lactating cows, resulting in n=12 animals per treatment.

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

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
Molasses 12.2 06.5 08.5

"The proportions of molasses indicated are after the adjustments done on Day 6 of the experiment.
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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 CH, 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 (HCI) to
reduce the pH to 2-3. During collection, the animals were restrained
in their pens using neck collars to minimize tampering of urine
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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 CH, 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 CH, emissions from
the experimental animals. The chambers had an internal volume
of 8.90 m’, 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 CH, and CO,
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 CH, emissions were
calculated from the total volume of air flow through the chamber
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multiplied by the net mean CH, 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 CH, 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 CH, recovery rate in each chamber system was
measured at the start and at the end of each period by
injecting pure CH, at a known mass flow into the respiration
chamber using a gas phase titration unit (Environics 4020,
Environics Inc., Tolland, USA) and measuring CH,
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
CH, 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
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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 Maldkar et al. (1993) with TT, expressed as tannic
acid equivalent, separated from TEP using an insoluble matrix of
polyvinyl polypyrrolidone as described by Maldkar et al. (1995).
Metabolizable energy (ME; kJ) in all the three diets was
calculated based on equation by AFIA (2014) as follows:

ME (kJ) = (0.203 x %OMD - 3.001)

Where %OMD 1is 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-HCI 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 (kg) = raw milk (kg) x (0.337 +0.116 x fat content (%) + 0.06

X protein content (%))

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 “Ismeans”
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

10.3389/fanim.2022.963323

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 x
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+014 153+040 049023 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+023 448+0.63 352+0.61 30.2 £ 0.96
Dairy meal 907 + 2.5 926 + 3.0 175+ 1.8 278 + 6.0 116 + 3.2 36+0.7 323+027 051+005 01.3+0.13 00.2 + 0.04
Molasses 745+ 1.4 975+ 1.5 45+ 0.5 _ _ _ 02.6 +0.11 155+ 1.06 051 +0.21 01.3 £0.18
Urea' _ _ _ _ _ _ _ _ _ _
Experimental diets (g/kg DM) (n=12)

CON 804 + 4.9 915+ 2.0 74 + 1.1 590 + 5.6 317 + 4.0 41+28 07.6+005 114+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+24 076+0.06 276+0.52 182 +0.61 11.1 £ 0.77
CUBES 831 +3.4 916 + 1.7 105 + 1.0 510 + 3.5 263 +2.1 37+04 13.8+0.03 11.1+056 02.7+0.10 00.4 + 0.02

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, Malkkar et al. (1995)); CT, condensed tannins (expressed as leucocyanidin equivalents);
"Fertilizer 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 difter (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

10.3389/fanim.2022.963323

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 x Period effects were significant (P < 0.05)
for net N intake and fecal N excretion with lower values reported

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

Parameter CON DES CUBES
DMI (kg/d) 8.91° 7.74° 10.85°
DMI (kg/100 kg LW") 2.55° 2.20° 3.22°
OMI 233° 2.04° 2.94°
CPI 0.20° 0.22° 0.36°
NDFI 1.48° 1.24° 1.60*
ADFI 0.79 0.79 0.81
MEI? (MJ/d) 83.7° 66.2° 116.1°

P value
PSEM Treatment (T) Period (P) Tx P
0.37 <0.001 0.05 0.007
0.086 <0.001 0.37 0.08
0.080 <0.001 0.32 0.07
0.008 <0.001 0.10 0.14
0.048 <0.001 0.62 0.06
0.029 0.64 0.08 0.013
417 <0.001 073 0.48

DML, 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; ** Within a row, least square means without a common superscript differ (P < 0.05); 'LW used was the average of the initial and final
liveweight in each period; ME was calculated using equation by AFIA (2014): ME = 0.203 * %OMD - 3.001, where OMD is the measured OM apparent total tract digestibility.

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
Parameter CON DES CUBES
Milk production parameters (kg/d)
Milk yield 001.84° 001.39° 002.84*
FPCM 002.21° 001.55° 003.17*
Milk composition (%)
Fat 005.04 005.11 005.06
SNF 007.86" 007.53" 008.16"
Lactose 004.34° 004.10° 004.48*
Protein 003.89 002.77 003.07
Total solids 012.7 012.5 013.1
ADG (g/d) 326" 193" 671°

P value
PSEM Treatment (T) Period (P) Tx P
00.15 <0.001 00.29 0.29
00.17 <0.001 00.50 0.64
00304 00.99 <0.001 0.39
00.196 00.007 00.67 0.55
00.105 00.020 00.71 0.94
00.606 00.42 00.42 0.42
00.46 00.25 00.003 0.54
58.3 <0.001 00.012 0.53

““Within a row, least square means without a common superscript differ (P < 0.05); ADG, average daily gain; PSEM, pooled standard error of mean.
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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
Parameterl CON DES CUBES
Apparent digestibility (%)
DM 63.7° 59.3" 66.2°
OM 66.7* 61.3° 69.4
CP 60.0° 54.6° 70.3*
NDF 64.9° 56.2° 61.8°
ADF 63.5" 50.6° 60.3°
Digestible nutrient intake (kg/d)
DDMI 05.67" 04.78° 07.30°
DOMI 05.53" 04.60° 07.16*
DCPI 00.42° 00.44° 00.86
DNDFI 03.43° 02.59° 03.45
DADFI 01.77 01.49° 01.74*

P value

PSEM Treatment (T) Period (P) TxP
0.86 <0.001 0.76 0.86
0.81 <0.001 0.18 0.96
1.06 <0.001 0.07 0.51
111 <0.001 0.07 092
0.98 <0.001 0.05 091
0.307 <0.001 0.57 0.07
0.297 <0.001 0.11 0.06
0.033 <0.001 0.12 0.52
0.159 <0.001 0.003 0.09
0.083 <0.001 0.001 0.03

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; DNDFTI, digestible neutral detergent fiber intake; DADFI, digestible acid detergent fiber intake; PSEM, pooled standard error of mean. *> Within a

row, least square means without a common superscript differ (P < 0.05).

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 CH, emission (g CH,/d) of the animals
fed on the three experimental diets differed (P < 0.001) from

each other (Table 8) with feeding CUBES resulting in the
highest and DES the lowest daily CH4 emissions. When CH,
was expressed either per DMI (MY), OM intake (OMI),
digestible OMI (DOMI) or as CH, conversion factor (Y,
CH, M]J/GE intake (M])), animals fed on CON had 7 - 9%
higher CH,4 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 CH,/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

Parameter CON DES CUBES
N intake (g/d) 110.8° 127.6° 195.1°
N excreted (g/d)

Fecal N 044.1° 057.7* 057.6"

Urinary N 036.6 032.2° 068.9°

Milk N 008.7° 007.2° 014.9°
N excreted as a proportion of N intake (%)

Fecal N 040.0° 045.4* 029.7°

Urine N 033.4° 026.3 035.5°

Milk N 007.9 005.6 007.6
Retained N (g/d) 021.4° 030.5" 053.7°
Retained N/N intake (%) 019.3 023.9" 027.5%
(Retained N + Milk N)/N intake (%) 26.9° 028.4%° 034.9°

P value

PSEM Treatment (T) Period (P) Tx P
6.52 <0.001 00.037 0.019
278 <0.001 00.012 0.038
2.49 <0.001 00.99 091
1.85 <0.001 00.021 0.24
1.12 <0.001 00.39 0.30
1.45 <0.001 00.20 0.09
121 00.10 <0.001 0.70
5.84 <0.001 00.12 0.26
1.40 <0.001 00.02 0.29
213 00.034 00.12 0.07

N, nitrogen; PSEM, pooled standard error of mean; * Within a row, least square means without a common superscript differ (P < 0.05).

Frontiers in Animal Science

09

frontiersin.org


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

TABLE 8 Mean daily methane production (DMP), methane yield (MY), methane produced per organic matter intake (OMI) and digested OMI
(DOMI), methane conversion factor (Y,,) and methane emission intensity (El; 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

Parameter CON DES CUBES
g CH,/d 245" 182° 272°

g CHy/kg DMI 027.6" 023.6" 025.2°
g CH,/kg OMI 030.2° 025.5" 027.6"
g CHy/kg DOMI 041.7° 038.1° 036.4"
Y,(CH, MJ/GEI (MJ)) 000.085 000.074" 000.079"
EL (g CH,/kg FPCM)" 253 297 175
EL (kg CH,/kg CP output)” 2.96* 2.83" 1.78"

P value

PSEM Treatment (T) Period (P) Tx P
08.72 <0.001 0.09 0.11
00.58 <0.001 0.07 0.09
00.63 <0.001 0.09 0.08
00.85 0.001 0.10 0.034
00.002 <0.001 0.039 0.041
624 00.08 0.012 0.98
0.28 <0.001 <0.001 0.81

CH,, methane; DM, dry matter intake, Y, methane conversion factor; *“ Within a row, least square means without a common superscript differ (P < 0.05); PSEM, pooled standard error of
mean; 'Calculated with the milk yield measured during the enteric CH, 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),

Discussion

Chemical composition and apparent
total tract digestibility of the
experimental diets

The low-quality CON diet (CP < 7.5% and ME = 8 M]J/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 (Heuze 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
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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 CH,
emission compared to the other two diets tested and this could
be explained by the lower DMI and MY, 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 CH, emissions
despite having a lower MY than CON. Both supplementation
options (CUBES and DES) resulted in lower MY and Y,
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 CH, 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 CH, 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 CH,
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 CH/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 Y,,,. While dairy concentrate supplementation improved feed
intake and animal production, ie., 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 CH,4
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 CH, emission intensity but
its economic feasibility in smallholder context needs to
be investigated.
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