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ABSTRACT

The objective of this metabolism study was to evaluate the efficacy of Siam weed (Chromolaena
odorata) meal in pelleted diets for fattened cattle. Four 2-year-old Bali steers were assigned to
four dietary treatments using a 4x4 Latin square experimental design. The treatments were pellets
containing chromolaena meal at 10% (10COM), 20% (20COM), 30% (30COM), or 40% (40COM). The
pellet was given at 2% liveweight (LW), and kume (Sorghum plumosum var. Timorense) grass hay was
offered ad libitum. The diets were isonitrogenous (20%) and energy (11.5 MJ ME/kg DM). Dietary
intake, digestibility, and rumen fermentation were the variables measured. The results showed
that increasing chromolaena meal to 40% substantially decreased the nutrient intake. Dry matter
intake decreased from 2.5% LW in the 10COM to 2.19% LW in the 40COM. Likewise, crude protein
intake decreased from 749 g/d (10COM) to 661 g/d (40COM). On the contrary, digestibility, rumen
pH, ammonia concentration (116-125 mg/dL), and volatile fatty acids were not affected. It might be
concluded that chromolaena can be used as a protein source for ruminants, but at high levels of
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inclusion (40%) tends to reduce intake.
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INTRODUCTION

Apart from being labeled as an evil weed (OISC,
2018) for its negative impacts on the agricultural
systems (Ganguly et al., 2022), Siam weed (Chromolaena
odorata) could serve as a potential alternative feed
source for both ruminants and non-ruminants (Jiwuba
et al., 2018; Tiamiyu & Okunlade, 2020) due to its high
biomass production and high protein content (Oematan
et al, 2020), and well-balanced amino acid profile
(Fasuyi et al., 2005), and anti-oxidant properties (Lartey
et al., 2020). However, its utilization as livestock feed
remains challenging due to its inherent anti-nutrient
properties (Olawale et al., 2022). Akintunde ef al.
(2021) reported that C. odorata leaf meal contains 3.15
mg/g oxalate, 2.09% phytate, 0.60% saponin, 6.30%
flavonoids, 0.60 mg/g total phenolics, 0.002% tannins,
and 1.66% alkaloids. With such a variety of anti-
nutrients, treatments to eliminate them are required if
a higher proportion in the ration is the target. Various
pre-treatments have been tested yielding variable
results. Mulik et al. (2016) evaluated the impact of five
processing methods on chromolaena leaf meal found
that anaerobic fermentation, boiling or soaking in plain
water, and sun-drying reduced tannin concentrations

Copyright © 2024 by Authors, published by Tropical Animal Science Journal.

by 43%-62% compared to the untreated materials.
These researchers observed the greatest reduction with
the anaerobic fermentation technique. The inclusion
of cattle rumen liquor during the ensilage process of
chromolaena leaf resulted in a 20.77% decrease in total
tannin concentration (Ridla et al., 2016). Whereas in an
in vivo trial on fattened cattle, Bira (2015) found that
increasing the proportion of sun-dried chromolaena
leaf meal from 10% to 40% in complete diets provided
in mash form led to reduced intake, digestibility, and
rumen fermentation products.

Based on these findings, the current study aimed
to examine the effectiveness of including chromolaena
meal in pelleted complete diets on intake, digestibility,
and rumen fermentation products of fattened Bali cattle.
The rationale for this experiment is that the addition of
heat and physical pressure during the pelleting process
might enhance the biological value of chromolaena
included in the concentrate for fattened cattle.

MATERIALS AND METHODS
The Livestock, Marine, and Fishery Ethics

Committee of the Faculty of Animal, Marine, and
Fishery Sciences of Nusa Cendana University approved
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the protocols for cattle housing, handling, measuring
of intake and digestibility, and rumen fluid collection
techniques through Ethical Research Clearance
Reference Number 020/3.SK/KEPPKP/II/2022 dated 10
February 2022.

This metabolism study employed a 4 x 4 Latin
Square Experimental Design to examine four levels
of chromolaena leaf meal in pelleted complete diets.
The tested pellets contain chromolaena meal of 10%
(10COM), 20% (20COM), 30% (30COM), or 40%
(40COM). Feedstuffs used in the formulation of the
complete diets comprised chromolaena leaf meal,
Leucaena leucocephala leaf meal, maize flour, rice bran,
fish meal, urea (to balance the nitrogen in the diet), and
a mineral mix. The pellet composition was formulated
according to SCA (2007) to achieve a daily weight gain
of at least 0.6 kg/day. The energy and protein contents of
the pellets were maintained as isoenergetic (11.4 MJ ME/
kg DM) and isoproteinous (20% CP) for all treatments.
The level of chromolaena in the pellets replaced
leucaena leaf meal in equal amounts (10%-40%), as both
feedstuffs contain similar crude protein and energy
density. The nutrient composition of the feedstuffs is
presented in Table 1.

In this metabolism experiment, four 2-year-old
male Bali cattle with an average weight of 175 kg
(#9.23 kg) were used. The pellets were provided at 2%
of the animals’ live weight, and kume grass (Sorghum
plumosum var. Timorense) hay and drinking water
were supplied ad libitum. The animals were randomly
assigned to the treatments in each treatment period.
Each treatment period consisted of a 10-day adaptation
to diets and pens and a 7-day data collection.

The parameters measured were feed intake and
digestibility of feed and nutrients, as well as rumen
fermentation products. Feed intake was known by
deducting the amount of feed offered with refusal over
a 24 hour period. Feed intake was measured daily for
five days in each collection period. Feed was provided
twice a day, at 8 A.M. and 4 P.M. Daily feces production
of individual cattle was collected and weighed during
the intake measurement. Feces samples were collected
daily for each animal (kept separate) and analyzed for
nutrient content at the end of each period, allowing for
the calculation of digestibility coefficients.

The rumen fluid samples from each animal were
collected twice on the last day of each treatment period.

The first sample was taken 0 hours before feeding, and
the second was taken 3-4 hours after feeding. Rumen
fluid was collected using a tube inserted into the rumen
through the mouth and connected to a vacuum pump.
Approximately 250 mL of rumen fluid was drawn and
filtered through four layers of socking, and about 100
mL was transferred to a plastic container with a few
drops of concentrated sulfuric acid to lower the pH
below 3. Subsequently, about 100 mL was transferred
to two plastic containers (50 mL each), properly
capped, and stored in a freezer while awaiting VFA and
ammonia analysis.

The nutrient content of the feed samples was
analyzed according to the procedures outlined in AOAC
(2005). Dry matter was determined by oven drying the
samples at 65 °C for 48 hours. Organic matter content in
the samples was quantified by furnace burning at 550
°C for four hours. The Micro-Kjeldahl technique was
applied for crude protein analysis. Crude lipid content
was measured using the ether extract technique, while
crude fiber was determined by the boiling technique.

The pH of the rumen liquor was measured using a
digital pH meter immediately after the rumen fluid was
collected. Partial volatile fatty acids (VFA) concentration
in the rumen fluid was determined by gas chromatog-
raphy-mass spectrometry using a dimethyl carbonate
extraction technique, as described by Foote (2022).
Methane production based on partial VFA concentration
was estimated using formula of Moss et al. (2000).

The obtained data were analyzed using the General
Linear Model (GLM) for univariate data following the
principles of the Latin Square Design. The treatments
were considered significantly different at a p-value of
<0.05. The Duncan multiple range test was applied for
between-treatment comparisons. Data processing was
performed using SPSS 25.0 (IBM, 2017).

RESULTS

The mean daily dry matter (DM) intake ranged
from 2.19% live weight (LW) to 2.57% LW. The animals
fed pellets containing 40% chromolaena (40COM)
showed the lowest intake (2.19% LW), whereas the
highest intake (2.57% LW) was recorded when animals
were fed pellets containing 20% chromolaena (20COM).
Increasing the levels of chromolaena in the pellets
from 10% to 40% significantly suppressed (p<0.05)

Table 1. Nutrient composition of the feedstuff used in the experiment

; Dry matter Organic Crudg Crude lipid Total Crude fiber Metabolizable
eedstuff (/kg) matter protein (a/kg DM) carbohydrate (/kg DM) energy
&ke (g/kgDM)  (g/kgDM) &8 (g/kgDM) 88 (MJ/kg DM)
Kume grass hay 850 845 62 56 850 713 9.7
Pellet 870 812 200 63 604 551 11.4
Chromolaena meal 831 890 210 61 619 682 10.4
Leucaena meal 889 899 246 59 594 663 11.7
Maize meal 860 925 102 65 758 512 12.6
Rica bran 886 880 142 87 651 671 12.2
Fish meal 930 900 694 82 124 0 12.0
Urea 950 0 2,600 0 0 0 0.0
Mineral mix 960 0 0 0 0 0 0.0
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all consumption variables. The total intake trend was
observed in both grass hay and pellet consumption
(Table 2). The reduction trend for all nutrient intakes
was similar to that of DM intake.

Contrary to the intakes, all digestibility variables
were not significantly affected by the levels of
chromolaena in the pellets (Table 2). The digestibility
values were 59%-63%, 65%-68%, and 82%-83% for DM,
OM, and CP, respectively. Nitrogen retention showed
a highly significant decline (p= 0.008) from 100 g/d in
cattle-fed pellets containing 10% chromolaena to 87 g/d
when the chromolaena meal reached 40% in the pellet
(40COM).

The mean pH value of the rumen liquor collected
at 0 h before and 3-4 h after feeding was in the range
of 6.70-6.90 and was not affected by the levels of
chromolaena in the pellets (Table 3). The rumen

ammonia (NH,) concentration was also not affected by
the treatments. The lowest NH, value was 109 mg/L
(30COM), and the highest was 125 mg/L (20COM).
Both total and partial VFA concentrations in the rumen
fluid were not affected by the treatments. The total VFA
concentration ranged from 130.1 mM (40COM) to 134.7
mM (B0COM). The difference in VFA values between
treatments failed to be detected in the Duncan Multiple
Range Test. Estimated methane production was in a
range of 47.26-49.36 mM, and was not significantly
different between treatment groups.

When the partial VFAs were expressed as molar
proportions to the total, all measured VFAs (acetate,
propionate, and butyrate) showed a significant decline
in the C, equivalent VFAs (acetate and butyrate), while
the C, (propionate) showed an increasing trend as the
level of chromolaena in the pellets increased (Table

Table 2. Nutrient intake and digestibility of fattened cattle offered a pelleted diet containing Chromolaena odorata meal at different

levels
. Treatments

Variables 10COM 20COM 30COM 40COM SEM p-value
Intake:

Grass DM (kg™) 1.61° 1.68° 1.63° 1.41° 0.01 0.004

Grass DM (% LW) 0.83° 0.86° 0.84° 0.722 0.01 0.015

Pellet DM (kg*) 3.25° 3.33° 3.14%® 2.872 0.01 0.019

Pellet DM (% LW) 1.68° 1.71° 1.62° 1.472 0.01 0.010
Total DM (kg) 4.86° 5.02° 4.78° 4.28 0.01 0.002
Total DM (% LW) 2.51° 2.57° 2.46° 2.192 0.01 0.001
Total OM (kg™) 4.00° 4.14° 3.93° 3.522 0.06 0.015
Total crude protein (g*) 749° 7710 730° 6612 13.13 0.005
Total crude lipid (g) 295° 305° 290° 260° 441 0.002
Digestible OM (kg) 2.75° 2.81° 2.60° 2.322 0.074 0.013
Protein:DOM ratio 273 275 281 288 8.962 0.582
Digestibility:

Dry matter (%) 63 62 60 59 1.43 0.362

Organic matter (%) 68 67 66 65 1.21 0.341

Crude protein (%) 83 83 82 82 0.64 0.317
Nitrogen retained (g) 100° 103° 96" 872 2.12 0.008

Note: The amount of chromolaena meal in the pellets were 10% (10COM), 20% (20COM), 30% (30COM), and 40% (40COM). Means in the same row
with different superscripts differ significantly (p<0.05). DM= dry matter; OM= organic matter; SEM=standard error of the treatment means.

Table 3. Rumen fermentation products of fattened cattle offered a pelleted diet containing Chromolaena odorata meal at different levels

Treatments

Variables 10COM 20COM 30COM 40COM SEM p-value
pH of rumen fluid 6.90 6.70 6.73 6.71 0.34 0.542
Rumen NH,-N (mg/L) 116.0 125.0 109.0 119.0 12.10 0.808
Total VFA (mM) 128.4 132.3 134.7 130.1 2.58 0.725
Acetate (mM) 88.4 86.3 88.3 85.5 4.63 0.961
Butyrate (mM) 12.3 12.9 16.4 10.6 1.98 0.564
Propionate (mM) 27.6 30.5 30.1 34.5 2.78 0.562
VFA proportion:
Acetate (%) 68.9° 66.5% 65.5° 65.5 1.13 0.059
Butyrate (%) 9.6° 9.9° 12.2¢ 8.1° 0.50 0.001
Propionate (%) 21.5° 22.3% 23.5° 26.4¢ 0.44 0.001
C, eq : propionate ratio 3.65 3.48° 3.25° 2.79 0.09 0.001
Methane production (mM)* 47.44 47.49 47.26 49.36 3.24 0.842

Note: The amount of chromolaena meal in the pellets were 10% (10COM), 20% (20COM), 30% (30COM), and 40% (40COM). Means in the same row
with different superscripts differ significantly (p<0.05). #methane production (mM)= (0.45*acetate) - (0.275*propionate) + (0.4*butyrate) (Moss et

al., 2000). SEM=standard error of the treatment means.
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3). The C,C, ratios in the rumen fluid significantly (p
= 0.001) declined from 3.65 in the 10COM treatment to
2.75 in the 40COM treatment.

DISCUSSION
Intake and Digestibility

The findings of the current experiment, presented
in Table 2, suggest that the decrease in consumption
at the 40% chromolaena was not due to feed nutrient
content, as all treatments had similar protein and
energy content. The decrease is likely associated with
an increased intake of secondary metabolites as the
proportion of chromolaena flour in the diet increases.
The review of Kato-Noguchi & Kato (2023) showed
that C. odorata contains secondary metabolites in many
chemical classes, such as flavonoids, phenolic acids,
saponins, terpenoids, and tannins. Other anti-nutritional
properties, such as phytic acid and cyanogenic
glycosides, are also present in this plant (Ngozi et al.,
2009). Likely, the processing of chromolaena to produce
pellets in the present study did not totally eliminate
these anti-nutritional properties.

Similar trends have been reported in sheep and
rabbit studies when chromolaena levels reached 40%
of the total diet (Apori et al., 2001; Aro et al.,, 2009).
Empirically, the data in Table 2 show an increase in
consumption when the chromolaena level reached
20%. Research on sheep in Ghana (Yakubu, 2012)
also demonstrated an increased consumption and
digestibility when the inclusion level of chromolaena
increased to 20%. This suggests that the inclusion of up
to 20% chromolaena in the pellet improved intake due
to the stimulative effects of the extra nutrients from
the pellet, which outweigh the suppressive effects of
the anti-nutritional compounds in the chromolaena.
However, when the proportion of chromolaena in
the pellets reached 30%, the animals started to show a
significant decline in the intake of grass hay and pellet.
The solid argument might be that a higher concentration
of anti-nutritional compounds in the ingested pellet
triggers negative feedback on the animal’s appetite. The
low palatability of chromolaena was also observed by
Oematan (2020) in fattened cattle supplemented with
chromolaena silage.

The intake of other nutrients (OM, CP, EE) also
decreased, following the trend of dry matter intake.
This is logical since the nutrient density of all diets was
the same, making the level of dry matter intake the
determinant of the consumption level of other nutrients.
The decrease in consumption indicates that although
chromolaena has been made into flour and processed
into pellets, its secondary metabolites have not been
eliminated entirely, thus still exerting a negative effect.
Yakubu (2012) also found a negative impact on the
reproductive hormone profile, testicular health, and
sperm in experimental rats when using chromolaena
leaf meal in diets.

Unlike consumption, digestibility = parameters
were not significantly affected by the increased level
of chromolaena in the pellets (Table 2). The dry matter
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digestibility shown in this study is relatively low,
considering the high crude protein content (20%) and
dense metabolizable energy (11.4 M] ME/kg DM) in
the pellets, which were given at 2% of live weight.
However, this can be explained by the physical form
of the feed, which has been processed into flour and
then pelleted, resulting in a relatively high proportion
of feed bypassing rumen fermentation, as is commonly
reported for processed feed (Miller et al., 2020).

In the present study, the lack of significant differ-
ences in digestibility variables suggests that although
empirical data (Table 2) indicated a declining trend in
digestibility variables, the relatively large variability
(as indicated by the SEM values) may have diluted the
treatment effects. Additionally, the pelleting process,
which involved heat and pressure, may have contrib-
uted to a small improvement in the biological value of
the diets. Oematan ef al. (2020) have also reported that
the inclusion of bio-fermented chromolaena in fattening
diets exhibits no negative effects on intake, digestibility,
and the growth of fattened cattle. This finding is in line
with other studies (Mulik et al., 2016; Ridla et al., 2016;
Oematan et al., 2020) that anaerobic microbial fermenta-
tion significantly reduces anti-nutrient compounds and
improves nutrient profiles of chromolaena.

The ratio of crude protein (CP) intake to digestible
organic matter intake (DOMI) reflects the amount and
balance of animal protein and energy consumed. In
Table 2, it can be seen that the CP-DOMI ratio ranged
between 273-288 g CP/kg DOMI. This value is well
above the minimum standard (170 g of rumen-degrad-
able protein per kg DOM) recommended for optimal
microbial protein production (SCA, 2007; NRC, 2016).
Such a favorable ratio in the consumed diets in this
study aims to provide a daily weight gain of over 0.6 kg.

Nitrogen retention values can be used as a rough
indicator to predict the possible average daily gain
(ADG) that can be achieved by the animals. The lowest
significant nitrogen retention was found in 40COM (87
g N/day) compared to the other three treatments (96-103
g N/day). If we use the assumption (SCA, 2007; NRC,
2016) that all retained CP in the body of experimental
cattle occupies 20% of each empty body weight, it can
be roughly estimated that the ADG of the experimental
animals would range between 435-515 g/day. The
predicted ADG indicates that the formulated feed in this
study can support an ADG of over 0.6 kg/day. However,
the ADG achieved by the experimental animals was still
below 0.6 kg/day due to the dry matter intake ranging
from 2.19%-2.57% of BW, which is still below the ideal
level of 3% of LW. The low nitrogen retention in the
40COM treatment was due to the significantly lowest
total CP intake compared to the other three treatments
(Table 2). On the other hand, the digestibility among all
treatments was not significantly different. Therefore,
retention is determined more by the level of CP intake
rather than digestibility.

Rumen Fermentation

Ruminal pH is a critical factor in the normal and
stable function of the rumen (Kitkas ef al., 2022) because
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of its profound effect on microbial populations and
fermentation products and physiological functions of
the rumen, mainly motility and absorptive function
(Arowolo et al, 2022). Ruminal pH is the product
of coordinated acid-base management efforts in the
rumen. A high protein diet increases the rumen’s buffer
capacity, elevating ruminal pH (Lopes et al., 2023), and a
high intake of easily fermentable carbohydrates lowers
the pH (Humer et al., 2017). This happens when the
removal rate of lactic acid and VFAs from the rumen
and rumen buffering capacity cannot keep up with their
production rate (Bach et al., 2023). The normal ruminal
digestion of dairy cattle occurs when the rumen pH is
between 6.0 and 6.5 (Lam et al.,, 2015), whereas Haerr
& Drackley (2012) proposed a range value of 6.0-6.9
for cattle feed total mixed ration. This implies that the
values of the ruminal pH in the present experiment
(7.71-6.90) were normal, yet Umar et al. (2011) found
that the normal ruminal pH for two indigenous cattle
in Indonesia (Madura dan Brahman cross) was around
8.0-8.2.

The concentration of ruminal NH, has a positive
correlation with ingested protein, indicating that higher
protein intake leads to higher ruminal NH, levels. The
range of ruminal NH, concentration reported in this
study (109-125 mg/L) falls within the normal range
reported by Arowolo et al. (2022) for dairy cattle. This
suggests that the protein intake in the current study is
adequate, considering that the concentrate used has
a protein content of 20%. The non-significant effects
of the levels of chromolaena in the concentrate can
be predicted since all treatments in the study were
iso-proteonous.

Microbial fermentation plays a significant role in
fulfilling 75% of the energy requirements of ruminant
animals through VFA production (Newbold &
Ramos-Morales, 2020). In this context, efficient cattle
display elevated molar concentrations of VFAs when
considering the total VFA concentration. However, due
to the wide range in rumen digesta liquid volume, the
concentrations of VFAs in the rumen are not appropriate
indicators of the status of ruminal fermentation.
Therefore, molar proportion of the individual VFAs
would be a more reliable estimate (Hall et al., 2015).

The molar proportion of the partial VFAs in the
present study was significantly affected (p= 0.01) by the
incremental levels of chromolaena in the concentrate.
The C, equivalent VFAs (acetate and butyrate) decreased
from 78.5% in treatment with 10% chromolaena to 73.6%
in treatment with 40% chromolaena. In contrast, the
proportion of propionate (C,) significantly increased
from 21.5% (10COM) to 26.4% (40COM). This change in
the molar proportions of the individual VFAs resulted in
a significant (p=0.01) change in the C,:C; ratio.

Although the composition of rumen microbes was
not measured in this study, the reduction in the molar
proportion of C, equivalent VFAs suggested that the
increasing level of chromolaena induced the growth
and fermentation process of propionate-producing
rumen microbes. A more realistic proposition is that
various secondary metabolite/s in the chromolaena
(Kato-Noguchi & Kato, 2023) meal might be the cause

since Abubakar et al. (2020) reported a significant anti-
bacterial activity of chromolaena extract. Up to now,
there have been no reports on the effects of C. odorata on
rumen microbes, creating a knowledge gap regarding
how the inclusion of chromolaena alters the rumen
microbial ecosystem. However, studies on the same
anti-nutritional compounds found in Chromolaena,
such as tannins, saponins, phytic acid, could be used to
explain the reduction in acetate observed in our study.
In vitro studies (Vasta & Bessa, 2012) demonstrated
that the inclusion of tannins in the fermenters led to a
reduction in the acetate:propionate ratio. Considering
that acetate is primarily produced by cellulolytic
bacteria, the lower acetate:propionate ratio could
suggest an impairment of cellulolytic bacteria activity.
In vivo study (Guerreiro et al., 2022) also reported that
condensed tannin extracted from Cistus ladanifer L.
influenced the ruminal microbial composition.

Methane gas represents wasted energy resulting
from the ruminant fermentation process (Rivera-Ferre
et al., 2016). A byproduct of this microbial degradation
is hydrogen, which, along with carbon dioxide, is
subsequently reduced by methanogenic archaea to
produce methane gas (Lakamp et al., 2022). Efforts exist
to mitigate this ruminant energy inefficiency (Morgavi et
al., 2023), one of which involves the utilization of dietary
additives and rumen modifiers to alter enteric methane
production (Alemu et al, 2019). One approach to
manipulating rumen conditions involves the application
of phytochemicals to control protozoal populations,
thereby reducing enteric methane production (Almeida
etal., 2021).

The methane values in the present study were
computed from individual VFAs using the formula
of Moss et al. (2000), which adopted that acetate acid
and butyrate acids (C;) are involved in H2 production,
whereas propionate (Cs) is involved in H2 utilization.
This implies that diets giving rise to propionate
production will reduce methane production, and
vice versa for C, VFAs (Olijhoek et al., 2022). Data
presented in Table 3 suggests that increasing the level of
chromolaena in the diet by up to 40% had no significant
effect (p= 0.824) on methane molar concentrations (mM)
in the rumen fluid. The insignificant effects on the CH,4
variable are anticipated, as the molar concentration of
partial VFAs (Table 3) did not differ between treatment
groups (p=0.84). This might be attributed to two factors.
Firstly, although all intake variables were significantly
affected by the level of chromolaena meal in the
pellets, the nutrient density in the pellets and organic
matter digestibility were not significantly different
between treatments. The methane values presented
in Table 3 were mmol/L, not mmol or L/day, as the
volume of the rumen fluid was not measured; hence
methane concentration is rather dictated by digestibility
coefficients than intake parameters. Jayanegara et al.
(2012), in their meta-analysis, found that some of the
CH, decrease was due to the concomitant decline in in
vivo organic matter digestibility. Secondly, exposure
of chromolaena to heat during sun drying, milling,
and pelleting might have reduced potential negative
methane suppressive properties in chromolaena, such
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as tannic acids (Yang et al., 2017), condensed tannins
(Thompson et al., 2023; Berga et al., 2023), mimosine (Min
et al., 2020), oxalate, and phytic acid (Akintunde et al.,
2021), saponins (Martin et al., 2024), and nitrate (Patra &
Yu, 2016).

CONCLUSION

Chromolaena has great potential as a local
feed ingredient and source of protein. Including
chromolaena up to 40% in concentrate and feed at
2% LW decreases all intake parameters, yet it does
not affect digestibility indexes. However, increasing
levels of chromolaena meal in the concentrate increases
glucogenic VFA, resulting in a better molar ratio of
glucogenic:ketogenic fatty acids, yet does not affect
methane production.
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