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ABSTRACT

A total of 120 Nellore bulls, [initial body weight (BW) = 307 + 11.6 kg and 12 mo of age] were allocated into 12 collective pens (10 bulls per
pen) in a commercial feedlot to evaluate the effects of a specific blend of tannin and saponins on enteric methane (CH,) emissions. The study
was a completely randomized design, in which pens were considered the experimental units (N = 6 pens per treatment) and were randomly
allocated into one of two treatments: 1) Control (CON), a basal diet with monensin supplementation (25 mg/kg dry matter [DM]; Rumensin,
Elanco Animal Health, Greenfield, IN, USA), or 2) Control + a specific blend of tannin and saponins (TAN; 0.7 g/kg DM; composed of quebracho
and chestnut tannin extracts along with carriers from cereals rich in saponins; SilvaFeed BX, Silvateam, San Michele Mondovi, CN, ltaly). After
the adaptation period (20 d), the experiment was divided into two phases: growing phase (21 to 53 d; total of 33 d) and fattening phase (54 to
139 d; total of 86 d). Enteric methane emissions were estimated using the sulfur hexafluoride (SF,) tracer gas technique. Interactions between
treatment and period (growing vs. fattening) were detected for daily CH, emissions, in which animals fed TAN reduced CH, emissions by 17.3%
during the fattening period compared to bulls fed CON (P = 0.05). In addition, bulls fed TAN had lower CH, emissions expressed by dry matter
intake (DMI) during the fattening period compared to bulls fed CON (P = 0.06). The findings presented herein indicate that a specific blend of
tannin and saponins can be used as a strategy to reduce enteric CH, emissions and its intensity of Nellore bulls finished in feedlot systems
under tropical conditions.

LAY SUMMARY

This study evaluated the effects of a specific blend of tannin and saponins on enteric methane (CH,) emissions of finishing Nellore bulls under
tropical conditions. Nellore bulls were randomly allocated into 1 of 2 treatment groups [a basal diet with monensin supplementation (CON),
and CON + a specific blend of tannin and saponins (TAN)]. Bulls fed TAN had lower CH, emissions during the fattening period compared to
bulls fed CON; however, there were no effects of TAN on growth performance outcomes. The findings indicate that a specific blend of tannin
and saponins can be used as a strategy to reduce enteric CH, emissions by Nellore bulls finished in feedlot systems with no impact on growth
performance.
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INTRODUCTION and has resulted in community pressure on the livestock sector
(Honan et al., 2021). Despite greater CH, potency, it has a
short atmospheric life span (e.g., 12.5 yr) compared to CO,,
tion system since CH, emissions from enteric fermentation and its miFigation can qqickly reduce t,he global Warming rate
are the major source of GHG in animal production (Kinley and contribute to avoiding the Earth’s temperature increase

et al., 2020; Honan et al., 2021; Arndt et al., 2022; Beck et by 20,50 (Jayanegara et al., 2012; Herremans et al., 2020;
Congio et al., 2021; Orzuna-orzuna et al., 2021; Arndt et al.,

2022); therefore, this can reduce enteric methane from beef
cattle and play an important role to meet the Paris Agreement
of limiting global warming well below 2 °C (Reisinger and
Clark, 2018).

Ruminants contribute to greenhouse gas (GHG) emissions
(e.g., CH,), which is a negative component of the produc-

al., 2022). Furthermore, from the perspective of animal pro-
ductivity, CH, represents a loss of 2% to 12% of their dietary
gross energy (Hristov et al., 2013). Given that CH, is a po-
tent GHG (e.g., 28 times more potent than CO,), it increases
public concern about sustainable food production systems
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According to two recently published articles, meta-analyses
evaluating several strategies to mitigate methane emissions in
Latin America (Congio et al., 2021) and Europe and Africa
(Arndt et al., 2022), and also in another comprehensive re-
view (Honan et al., 2021), the use of feed additives as rumen
modifiers, such as ionophores and plant secondary compounds
(e.g., tannins and saponins), are nutritional strategies that can
effectively reduce CH, emission from enteric fermentation
without compromising animals’ growth performance.

In this scenario, the ionophore monensin has been widely
used in feedlot diets to increase propionate and reduce am-
monia and CH, formation in the rumen. Hence, greater an-
imal growth and improved feed efficiency have been reported
(Beauchemin et al., 2008; Vyas et al., 2018). Tannin extracts
have been investigated by several authors as a feed additive
for beef cattle to improve animals’ performance and reduce
CH, emissions. Fitri et al. (2022) in a meta-analysis observed
a reduction in CH, (L/kg of DMI) and, in a review by Honan
et al. (2021), the authors observed that tannins can reduce
up to 54% of CH, emissions in “in vivo” studies and that
saponins can reduce up to 26% CH, emission in “in vitro”
studies. Despite several beef studies published in the past two
decades with tannins, to our knowledge, studies evaluating
the tannins supplementation in diets containing monensin in
a feedlot system in tropical regions as a strategy to reduce
methane are scarce.

Therefore, we hypothesized that a specific blend of tannin
and saponins product in feedlot diets would reduce enteric
CH, emissions without compromising animal growth perfor-
mance compared to control diets. The objective of the present
study was to evaluate the effects of a specific blend of tannin
and saponins supplementation on growth performance and
enteric methane emissions of Nellore bulls finished in a
feedlot system under tropical conditions.

MATERIALS AND METHODS

Animal care and handling followed protocols approved by
the Animal Use Ethics Committee of the Institute of Animal
Science (Protocol Number: 249-19).

Experimental Location, Design, and Diets
Composition

One hundred twenty Nellore bulls, with initial body weight
(BW) of 307 = 11.6 kg and 12 mo-old, were allocated into 12
collective pens equipped with water and feed troughs (10 bulls
per pen and 16.3 m*head) in a commercial feedlot located in
Guaicara, SP, Brazil. Prior to the beginning of the trial, all
bulls were weighed (after 16 h of feed and water withdrawal),
vaccinated against seven strains of Clostridium sp. (Fortress
7; Zoetis, Campinas, SP, Brazil) and against respiratory dis-
ease pathogens (Bovi-Shield Gold; Zoetis), dewormed (iver-
mectin 1%; Ivomec, Boehringer Ingelheim, Campinas, SP,
Brazil), and received individual visual ear tags. The study was
a completely randomized design, in which the pens served
as the experimental units (N = 6 pens per treatment) and
were randomly allocated into one of two treatment groups:
1) Control (CON), a basal diet with monensin supplementa-
tion (25 mg/kg DM, Rumensin, Elanco Animal Health); and
2) Control + a specific blend of tannin and saponins (TAN;
0.7 g/lkg DM; composed of quebracho and chestnut tannin
extracts along with carriers from cereals rich in saponins;
SilvaFeed BX, Silvateam).
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The study was carried out using a series of three step-up
energy level diets: adaptation, growing, and fattening phases.
The adaptation protocol consisted of “ad libitum” intake
of the following diet: 28% of ground corn, 16% of cotton-
seed cake, 11.5% of dried distiller grain, 10% of cottonseed
meal, 5.35% of peanut meal, 5% of fresh citrus pulp, 3% of
whole barley, 3.52% of mineral premix, 0.2% of urea, 0.25%
of slow released nonprotein nitrogen, 0.2% of water, 10%
sugarcane silage, and 7% of sugarcane bagasse (DM basis).
After the adaptation protocol, the experiment was divided
into two phases: growing phase (21 to 53 d; total of 33 d) and
fattening phase (54 to 139 d; total of 86 d), totaling 139 d of
study. The ingredient compositions of growing and fattening
period diets are shown in Table 1. Regardless of treatment, all
animals received the same step-up diets during the adaptation
period and the same growing and fattening diets during the
experimental period.

Measurement of Enteric Methane Emissions

Enteric methane emissions (CH,, g/d) were estimated using
the sulfur hexafluoride (SF) tracer gas technique (Johnson
et al., 1994) that was adapted to the local conditions fol-
lowing the recommendations of Berndt et al. (2014). Four

Table 1. Ingredients and chemical composition of the basal diets (% DM)

Ingredients Feedlot period
Growing' Fattening?
Ground corn 39.0 40.0
Rehydrated corn - 10.0
Whole cottonseed 16.0 13.0
Sugarcane bagasse 10.0 8.56
Distillers’ grains 8.76 7.01
Cottonseed meal 8.04 5.98
Citrus pulp, wet 5.98 4.02
Peanut meal 5.02 5.05
Brewers’ wet grains 2.99 2.99
Vitamin-mineral premix? 3.51 2.78
Water 0.31 0.21
Slow-released nonprotein nitrogen 0.21 0.21
Urea 0.21 0.21
Chemical Composition
Dry matter, % as fed 51.8 571
Crude protein 19.4 17.7
Fat 4.16 4.16
Neutral detergent fiber 31.8 29.0
Nonfiber carbohydrate 39.1 43.8
Ash 6.29 6.00
NEm, Mcal/kg* 1.68 1.76
NEg, Mcal/kg* 1.20 1.30
Total Digestible Nutrients* 73.7 76.5

!Growing period 21 to 53 d.

?Fattening period 54 to 139 d.

Provided (per kg of DM): 242.5 g of calcium; 18 g of phosphorus; 70 g of
sodium; 17 g of magnesium; 23 g of sulfur; 14 mg of chromium; 1700.0
mg of zinc; 455 mg of copper; 1210.0 mg of manganese; 38 mg of iodine;
20 mg of cobalt; 14 mg of selenium; 83400.0 IU of vitamin A; 16680.0

IU of vitamin D; 170.0 IU of vitamin E; 900 mg of monensin/kg premix
(Rumensin, Elanco).

“Estimated using tabular feed values NASEM (2016).

G20z Jequiaydas tz uo 1sanb Aq 96909 | £/80PEX)/L/2/a101ME/SE)/W0D dNO IS pED.//:SANY WOI) PAPEOIUMOQ



Tannin-based product and enteric CH, emissions

bulls randomly chosen from each pen, totaling 48 bulls (24
treatment replicates per treatment; N = 6 pens per treatment
with 4 bulls each pen), were fitted with gas collection halters
10 d before methane sampling to allow the bulls’ adaptation.
Methane sampling started between 0700 and 0800 hours on
five consecutive days of two periods—growing and fattening
[from July 12 to 16, 2021 (days 39 to 43 of growing phase)
and from September 06 to 11, 2021 (days 95 to 99 of fat-
tening phase)]. The cylinders were exchanged every 24 h.

About 250 permeation tubes (brass capsules), containing
SF, were kept in an oven at 39 °C and calibrated by weekly
weighing on an analytical scale for 8 wk before the beginning
of the sampling period. This procedure was performed to en-
sure constant and linear emission of SF,. One hundred twenty
capsules with an average constant release rate of 4.598 =
0.32 and 2.460 = 0.15 mg SF /d, were selected and orally
administered 5 d before the beginning of the gas sampling
period by using an oral bolus gun. These capsules settle and
release SF, gas in the reticulo-rumen where they remain safe
for the bulls. The eructated gases contained both methane and
SF, were collected into evacuated canisters, and the ratio of
methane to SF, in the eructated gases were used to estimate
daily methane production.

The gases expelled by the bulls from the mouth and nostrils
were captured in a controlled and continuous manner through
a stainless-steel capillary tube according to Johnson et al.
(1994). The device was protected by a flexible hose fixed to
the halter and connected to the collection cylinder. The latter
was subjected to vacuum (0 atm) and attached to the bulls’
back. The pressures (initial and final) of the cylinders were
monitored daily to ensure the sample quality. The background
levels of SF, and methane were measured by suspending
canisters daily at strategic points in the paddock. At the end of
each sampling period, the sampled gases were submitted to the
Environmental Biogeochemistry laboratory (Embrapa Meio
Ambiente, Jaguaritna, SP, Brazil) and subsequently analyzed
using a Hewlett Packard gas chromatograph (model 6890,
Agilent Inc., Wilmington, DE, USA) using a flame ionization
detector for CH, and an electron capture detector for SF,. The
amount of enteric methane was estimated as a function of SF,
concentrations, relating the results to the known rate of tracer
gas released by the capsule deposited in the rumen. Correction
for sampled environmental concentrations and molecular
weights was performed according to Berndt et al. (2014).

The daily methane emission (CH,, g/d) of each bull was
gathered as the mean of emissions estimated by the five daily
samples in the growing and fattening periods. In addition,
methane emission intensity was also expressed per kilogram
of DMI (CH,/DMI, g/kg/d).

Performance

Bulls were fed four times daily at 0700, 1000, 1300, and 1600
hours. Diets were mixed in a mixer feeder wagon and checked
for residual feed between each dietary mix to avoid cross-con-
tamination. The amount of feed provided daily was adjusted
using a trough score with adaptations according to Pritchard
(1998), to maintain a minimum of orts and assure an “ad
libitum” intake. Dry matter intake (DMI) was obtained
using data from the growth period and the fattening period,
totaling 119 d, for each pen by weighing the food supplied
daily, and weighing the orts. Ingredients, orts, and total diet
were sampled weekly to determine the nutritional composi-
tion and stored at -18°C until laboratory analysis.

At the beginning (day 0) and end of the experimental
period (day 139; adaptation + growing + fattening periods),
the bulls were individually weighed after 16 h of fasting from
solid food, intermediate weighing took place on days 20 and
53, without fasting, 4.0% of BW was discounted (Stock et
al., 1983).

The average daily gain (ADG) was estimated by the linear
regression coefficient of weights on days in test (DIT) ac-
cording to the equation: y, = o + § x DIT, + €, where y, is the
weight of the animal in the ith observation; a is the intercept
representing the initial weight of the bull; § is the linear re-
gression coefficient representing ADG; DIT, is the day in test
in the ith observation; €i is the random error associated with
each observation.

After the experimental period, the bulls were transported
to a commercial abattoir (JBS/FRIBOI) located in the city of
Lins, SP, Brazil, and harvested. All procedures were performed
according to the Sanitary and Industrial Inspection Regulation
for Animal Origin Products of Humanitarian Slaughter
Guidelines as required by Brazilian law (Brasil, 2000). Hot
carcass weight was assessed by un-chilled weight of the car-
cass after slaughter and the removal of the head, hide, intes-
tinal tract, and internal organs.

Chemical Analyses

According to AOAC (1990), feed and ort samples were
analyzed for DM (method 930.15), ash (method 942.05), and
EE (method 2003.05), with OM calculated as the difference
between DM and ash content. Total N (6.25 x N = CP) content
of feed samples was determined using the combustion method
with a nitrogen analyzer, Dumatherm (Gerhardt GmbH &
Co, Konigswinter, Germany; method 990.13; AOAC, 2005).
For NDF and ADEF, samples were sequentially analyzed, and
treated with alpha thermo-stable amylase without sodium
sulfite according to Van Soest et al. (1991) and adapted for
a Fiber Analyzer (TE 149; TECNAL, Piracicaba, SP, Brazil).
Nonfiber carbohydrate (% of DM) was calculated according
to NRC (2001): NFC = 100 - (% NDF + % CP + % EE + %
ash).

Statistical Analysis

Data were analyzed using SAS 9.4 (SAS Institute Inc., Cary,
NC, USA). Before the actual analysis, data were explored to
seek disparate information and for normality of residuals by
Shapiro-Wilk test (PROC UNIVARIATE). An individual ob-
servation was considered an outlier when standard deviations
for the residual mean or to the model were greater than +3
or lesser than -3. To assess the effect of treatments, periods
(growing and fattening) and their interactions on all variables
related to CH, emission and its intensity, repeated-measure
models were fitted by mixed linear models using the generalized
linear mixed models (PROC GLIMMIX). For these repeated-
measure models, several variance-covariance structures were
tested and those with lowest Bayesian Information Criterion
were applied to the models to account appropriately for
within-pen residuals correlation among times evaluated. The
fixed effects of treatment, period, and their interaction were
included into all statistical models even in the absence of sta-
tistical significance. The random effects of pen within treat-
ment were also included in the linear predictor for all models
to recognize pen as the experimental unit.

The effects of additives on growth performance and carcass
characteristics were fitted through generalized linear mixed
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models (PROC GLIMMIX) including the fixed effects of
treatments and random effects of pen within treatment to rec-
ognize the pen as the experimental unit. Least squares means
were reported for all variables evaluated. For all analyses,
differences detected at P < 0.05 were considered significant,
and differences at 0.05 < P < 0.10 were considered a tendency
toward statistical significance.

RESULTS

The effect of treatments on enteric methane emissions is
shown in Table 2. Interactions between treatment and period
(growing vs. fattening) were detected for CH, emissions (g/d),
in which animals fed TAN had lower emissions during the
fattening period compared to CON, 152.6 vs. 184.6 g/d, re-
spectively (P = 0.05). In addition, bulls fed TAN had lower
CH, emissions expressed by DMI during the fattening period
compared to CON (P = 0.06). Methane emission (g/d) for
both treatments was greater during the fattening period
compared to the growing period (P = 0.002). In this sense,
CH, emission expressed by DMI, was greater during fattening
period compared to the growing period as well (P = 0.008).

The results of growth performance and carcass charac-
teristics are presented in Table 3. The tannin-based additive
did not affect FBW, DMI, ADG, or feed efficiency (P > 0.65).
Similarly, HCW was not affected by tannin-based additive
compared to CON (P > 0.05).

DISCUSSION

GHG emissions from cattle have been concerning consumers
as enteric methane (CH,) emissions contribute to anthropo-
genic global warming (Reisinger and Clark, 2018). Indeed,
agriculture contributes about 10% to 12% of GHG emis-
sions, and livestock enteric fermentation along with CH, and

Magnani et al.

N,O from manure management are responsible for 38% of
these emissions (Smith et al., 2007; Beck et al., 2022). Further,
enteric CH, has been a controversial topic due to its greater
potency in the atmosphere compared to CO, (IPCC, 2013).
Altogether, these circumstances have been driving the live-
stock industry to accelerate its sustainability goals concerning
nutritional innovation strategies. In the last 10 yr, several
studies have reported positive effects of tannin-based products
supplementation on dairy and beef cattle by reducing CH,
emissions and improving animal performance (Jayanegara et
al., 2012; Aboagye and Beauchemin, 2019; Min et al., 2020;
Honan et al., 2021; Verma et al., 2021; Rossi et al., 2022).
In the present study, we investigated the impact of a specific
blend of tannin and saponins on growth performance and
CH, enteric emissions of bulls finished in a feedlot system
under tropical conditions. We observed a reduction in gross
(g/d) and intensity (e.g., g of CH,/DMI) of CH, emissions of
17.3% and 15.5%, respectively, for bulls supplemented with
TAN vs. CON, during the fattening period.

Tannins are phenolic compounds that accumulate in plant
tissues and contribute to defense against herbivory (Clausen
et al., 1992). They are synthesized by many plants and may
be found mainly in roots, stems, bark, leaves, buds, and seeds,
composing about 5% to 10% of tree leaves (Barbehenn and
Peter Constabel, 2011). Tannins are structurally divided into
two groups: hydrolyzable and condensed forms (Izawa et
al., 2010). In tropical forages, condensed tannins are often
one of several polyphenolic compounds, which may include
hydrolyzable tannins (Waghorn, 2008). High condensed
tannin contents may limit DM digestibility; otherwise,
hydrolyzable tannins may provide nutrients for absorp-
tion in a time-dependent manner (Lowry et al., 1996). The
mechanisms involved in CH, mitigation by tannins are not
well-understood; however, two factors may be involved: 1) di-
rect inhibition of methanogenic micro-organisms (Tavendale

Table 2. Least square means of the enteric methane emission of Nellore bulls receiving a diet supplemented with monensin (CON) vs. one

supplemented with monensin and tannins (TAN)

Treatments! Pooled SEM? P-values

Item CON TAN Treatment Period® Interaction
DM, kg/d Average

Growing 9.85 9.87 9.86%

Fattening 10.63 10.48 10.56*

Average 10.24 10.18 0.317 0.88 <0.01 0.53
CH,, g/d

Growing 158.7>8 145.258 151.98

Fattening 184.6%4 152.6" 168.6*

Average 171.72 148.9° 7.07 0.05 <0.01 0.05
CH,/DMI, g/kg/d

Growing 15.2548 14.184® 14.728

Fattening 17.32¢4 14.6348 15.98*

Average 16.28¢ 14.414 0.649 0.07 <0.01 0.06

Within a row, means without a common lowercase letter superscript differ (**P < 0.05; <40.05 < P < 0.10).
Within a column, means without a common uppercase letter superscript differ (**P < 0.035).
!CON = basal diet + mineral added monensin (25 mg/kg DM; Rumensin, Elanco); TAN = basal diet + mineral added monensin (25 mg/kg DM; Rumensin,

Elanco) + tannin-based product (7 g/kg DM; Silvafeed BX, Silvateam).
2Standard error of the mean.
3Growing period (21to 53 d) and fattening period (54 to 139 d).

“DMI, dry matter intake calculated based on the 5 d period of methane collection for each period.
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Tannin-based product and enteric CH, emissions 5
Table 3. Least squares means of the performance of Nellore bulls receiving a diet supplemented with monensin (CON) vs. one supplemented with
monensin and tannins (TAN) during a 139 d finishing period
Item Treatments! Pooled SEM? P-value
CON TAN
N 6 6 - -
Body weight, kg
Initial 308 307 10.94 0.99
Final 487 488 12.15 0.93
Growth performance and carcass characteristics
Dry matter intake, kg/d 9.77 9.70 0.275 0.87
DMI, % of body weight 2.52 2.51 0.024 0.68
Average daily gain, kg/d 1.31 1.32 0.0149 0.72
Gain:Feed 0.134 0.137 0.0034 0.65
Hot carcass weight, kg 287 286 8.55 0.99

!CON = basal diet + mineral added monensin (25 mg/kg DM; Rumensin, Elanco); TAN = basal diet + mineral added monensin (25 mg/kg DM; Rumensin,

Elanco) + tannin-based product (7 g/kg DM Silvafeed BX, Silvateam).
Standard error of the mean.
3Dry matter intake = DMI;

et al., 2005); and 2) reduction of substrates, mainly H,, to
produce CH, through the formation of fiber and/or protein-
tannin complexes (Goel and Makkar, 2012).

DMI has been positively associated with CH, emission
(Hristov and Melgar, 2020). Although in the present study
DMI increased by about 7% between growing and fattening
periods (data from methane collection periods), CH, emission
only increased about 3% in bulls fed with TAN vs. CON be-
tween these periods. Several studies have reported the positive
effects of tannin-based additives in decreasing CH, emissions
by ruminants (Min et al., 2020; Orzuna-orzuna et al., 2021;
Fitri et al., 2022; Perna Junior et al., 2022). Plant tannins have a
recognized effect on the gut microbiota through their antibacte-
rial activity (Tong et al., 2022), where this effect is hypothesized
due to its interaction with specific substrates, such as protein
and bacterial cell walls (Bae et al., 1993). This fact may lead the
animal to a ruminal fermentation profile modulation and bac-
terial community diversity (Min et al., 2020). In an “in vitro”
study carried out by Chen et al. (2016), the abundance of
Firmicutes as well as its ratio with Bacteriodes populations (F:B)
was correlated to reduced CH, production. Tannin addition in
ruminant diets has been associated with increased Firmicutes
and F:B ratio in the rumen (Min et al., 2014; Diaz Carrasco et
al., 2017). Further, Diaz Carrasco et al. (2017) supplementing a
blend of quebracho and chestnut tannins, detected a reduction
in methanogenic micro-organisms, particularly those members
of Genus Mathanosphaera from Eurychaeota phylum (ar-
chaea organisms). Complementing, the reduction of produc-
tion and intensity of CH, by TAN treatment herein reported,
was detected mainly during the fattening phase (after 53 d of
study). Johnson and Johnson (1995) suggested that ruminal
micro-organisms may possess the ability to adapt to conven-
tional feed additives such as monensin, which these authors re-
ported that CH, production per unit of diet returned to initial
levels within 2 wk in cattle fed either grain or forage-monensin
supplemented diets. Our evidence presented herein, therefore
has suggested that long-term tannin supplementation may be
effective in reducing enteric CH, emission from beef cattle in
feedlot systems by modulating the micro-organisms involved in
the ruminal fermentative process.

Previous studies have reported detrimental effects of
tannin on ruminal protein and fiber digestibility through
tannin-nutrient complexes formation and suppressed effects
on cellulolytic bacteria (McSweeney et al., 2001; Carulla
et al., 2005; Goel and Makkar, 2012; Min et al., 2014).
Notwithstanding, Fitri et al. (2022), who evaluated acacia and
quebracho extracts in a meta-analytic study detected lower
acetic acid proportion as well as lower acetate-to-propionate
ratio at a constant total VFA concentration in ruminal fluid
from large and small ruminants. Similar results were reported
by Carulla et al. (2005) who supplemented sheep with 41
g Acacia mearnsii extract (containing 0.615g/g condensed
tannins)/kg dietary DM. Consequently, these authors did not
detect differences in energy retention and utilization between
tannin-fed and control animals. In addition, through the per-
spective of the energy dynamic in ruminants, decreasing en-
ergy losses by ruminal gas production would mathematically
increase the efficiency of conversion of digestible energy to
metabolizable energy (Johnson and Johnson, 1995). However,
as mentioned by Beauchemin et al. (2020), a severe reduc-
tion in enteric CH, emissions (e.g. over 50%) may be neces-
sary to detect increases in animal performance. The authors
explained that digestible energy surplus due to reductions in
CH, emissions, may not be enough to substantially increase
metabolizable energy and net energy retention.

In our study, there was no adverse effect of TAN supple-
mentation on growth performance and carcass characteris-
tics when compared to CON treatment. Orzuna-orzuna et al.
(2021) corroborated this in their study on the effect of dietary
tannin supplementation on growth performance of beef cattle
through a meta-analysis and reported no effect of tannins on
weight gain, feed intake, and feed efficiency. Further, Congio et
al. (2021), who performed a meta-analysis on enteric methane
mitigation strategies and performance of confined beef cattle
production in the Latin American and Caribbean region, did
not detect effect of tannins plus saponins on DMI and ADG.
Notably, Rivera-Méndez et al. (2017) fed a combination
of quebracho and chestnut tannins and found an improve-
ment on animal performance and feed efficiency of Holstein
steers during the finishing phase. Similar to Tavendale et al.
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(2005), our study found that tannins may have acted directly
by inhibiting methanogenic microbes; however, this phenom-
enon did not translate into greater energy retention and better
growth performance of Nellore bulls finished in feedlot sys-
tems under tropical conditions.

CONCLUSION

In the present study, a specific blend of tannin and saponins
was effective to reduce enteric CH, emissions by 17.3% or
88.76 kg of CO, equivalent compared to control diet with no
detrimental effect on growth performance. Tannin blends can
be used as a strategy to reduce enteric CH, emissions and its
intensity from Nellore bulls finished in feedlot systems under
tropical conditions. Our findings indicated that quebracho
and chestnut extracts (tannin plus saponin product) is a vi-
able nutritional strategy to aid tropical countries to meet the
Paris Agreement of limiting global warming well below 2 °C,
and to improve sustainable beef production.
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