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Residue of propolis
extract in bovine diets with
increasing levels of protein
on rumen fermentation

Abstract — The objective of this work was to evaluate the effect of the residue
from the extraction of propolis, added to bovine diets with increasing levels of
protein, on ruminal fermentation in vitro. For this, the in vitro gas production
technique was used. Incubation was carried out with inocula from three
fistulated cows, in three periods. In each period, a cow received a daily dose
of 100 g propolis residue. Four diets were evaluated: corn silage (control);
and 25, 50, and 75% concentrate based on soybean meal. The following
were determined: kinetics of rumen fermentation; dry matter degradation;
production of gases, volatile fatty acids (acetate, propionate, and butyrate),
methane, and ammonia nitrogen; and pH. The inclusion of 14.4, 15.1, and
9.5% propolis residue, respectively, to 25, 50, and 75% concentrate increased
the production of gases from the degradation of fibrous carbohydrates, when
compared with the control. The propolis residue reduces methane production
and the acetate:propionate ratio at all tested concentrate inclusion levels.

Index terms: additive, ammoniacal nitrogen, methane, nutrition.

Residuo do extrato de préopolis em dietas
de bovinos com niveis crescentes de
proteina sobre a fermentagao ruminal

Resumo — O objetivo deste trabalho foi avaliar o efeito do residuo da extragdo
de propolis, adicionado em dietas de bovinos com niveis crescentes de proteina,
sobre a fermentacdo ruminal in vitro. Para tanto, utilizou-se a técnica de
producdo de gas in vitro. A incubagdo foi realizada com indculos de trés vacas
fistuladas, em trés periodos. Em cada periodo, uma vaca recebeu uma dose
diaria de 100 g do residuo de propolis. Foram avaliadas quatro dietas: silagem
de milho (controle); e 25, 50 e 75% de concentrado a base de farelo de soja.
Foram determinados: cinética de fermentagdo ruminal; degradac¢ao da matéria
seca; produgdo de gases, acidos graxos volateis (acetato, propionato e butirato),
metano ¢ nitrogénio amoniacal; ¢ pH. A inclusdo de 144, 15,1 ¢ 9,5% de
residuo de propolis, respectivamente, a 25, 50 e 75% de concentrado aumentou
a produgdo de gases oriundos da degradagdo dos carboidratos fibrosos, em
comparagdo ao controle. O residuo de propolis reduz a produgdo de metano
¢ a relagdo acetato:propionato em todos os niveis de inclusdo de concentrado
testados.

Termos para indexacao: aditivo, nitrogénio amoniacal, metano, nutrigao.

Introduction

The manipulation of the rumen environment aims to reduce energy
losses and increase feed conversion, resulting in a better use of the diet
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and, consequently, in a reduction in the production cost
of cattle due to a lower expenditure on feed (Clemmons
et al., 2019). This optimization is important since,
daily, from 2 to 12% of the gross energy of feeds is
lost by the production of methane (CH,) (Patra, 2012).

CH, production occurs in the digestive tract
of ruminants, eliminating the H, produced and
maintaining fermentation; however, in this process,
there is an energy loss of 9.45 kcal L of produced
CH, (Brouwer, 1965; Guan et al., 2006). Therefore,
CH, production represents rumen inefficiency and its
emission contributes to the greenhouse effect (Castillo-
Gonzalez et al., 2014).

Increasing efficiency, however, is possible by
changing the composition of the diet and introducing
additives such as ionophore substances with an
antibiotic effect, allowing, for example, a greater
production of propionate and a lower production of
CH, due to a reduction in the population of Gram-
positive bacteria (Nicodemo, 2001; Rangel et al., 2008;
Tadesse, 2014). In production systems, mainly in
feedlots, ionophores are among the most used primary
additives (Oliveira & Millen, 2014).

Despite the cited benefits, ionophores have been
identified as a potential risk to human health because
they may cause bacterial resistance. However,
antimicrobial additives such as these substances
cannot be withdrawn abruptly due to the risk of a
major negative impact on production systems (Hao et
al., 2014). This scenario is complex and shows the need
of finding alternative additives that can contribute
to a greater feed conversion and a reduction in CH,
production, without posing risks to human health.

The propolis produced by bees (4pis mellifera
sp.) from a combination of plant exudates, wax,
enzymes, and pollen, among other elements, may be
an alternative antimicrobial additive mainly because
of its antibacterial properties (Packer & Luz, 2007).
Gram-positive bacteria are more sensitive to the
action of propolis, as observed for ionophores (Aguiar
et al.,, 2013). However, some authors have reported
positive results for Gram-negative bacteria, such as
the reduction in CH, production (Leopoldino et al.,
2007; Ehtesham et al., 2018), the reduction in amino
acid deamination, and the maintenance of ruminal
ammonia (Stradiotti Junior et al., 2004). It should
be noted that, in these studies, alcoholic extracts of
propolis were used, which would be unviable as an
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additive in animal feed, especially in diets for cattle,
considering their high costs; however, the propolis
residue generated after alcoholic extraction still
presents active principles (Heimbach et al., 2016) and
could be a viable, sustainable, and low-cost alternative
to be added to cattle diets.

The objective of this work was to evaluate the effect
of the residue from the extraction of propolis, added
to bovine diets with increasing levels of protein, on
ruminal fermentation in vitro.

Materials and Methods

The experiment was carried out at the José Henrique
Bruschi experimental field, located at the livestock
bioefficiency and sustainability experimental complex
of Embrapa Gado de Leite, in the municipality of
Coronel Pacheco, in the state of Minas Gerais, Brazil.
All experimental procedures using animals were
approved by Embrapa’s ethics committee on animal
use, protocol number 03/2014.

The used residue was obtained from a brown
propolis extract purchased from Cooperativa Nacional
de Apicultura, located in the municipality of Nova
Lima, also in the state of Minas Gerais, Brazil.

Three Girolando rumen-fistulated cows were used
as donors of the ruminal liquid for in vitro incubation.
The cows were kept on a maintenance-level diet,
consisting of corn silage and 2 kg concentrate made
up of corn (Zea mays L.) meal, soybean [Glycine max
(L.) Merr.], and a mineral-vitamin premix. Inoculum-
donor cows were subjected to treatments with or
without the addition of propolis residue during three
experimental periods of 14 days. In each period, a
different animal received 100 g propolis residue and,
after 14 days of adaptation, the inocula was collected
with and without propolis for incubation. The addition
of the 100-g residue was evaluated in three consecutive
trials using the semiautomatic in vitro technique for
gas production described by Mauricio et al. (1999),
adapted from Fedorah & Hrudey (1983). Samples of
500 mg were assessed in incubation flasks with an
internal volume of 50 mL for the collection of gas
samples for the quantification of CH, (Terry et al.,
2016; Oliveira et al., 2018).

The treatments consisted of the following diets: corn
silage (control); and protein concentrate with soybean
meal and a mineral premix, included at three levels
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(25, 50, and 75%) in the dry matter (DM). All diets
were incubated together with the inoculum.

Samples with the concentrate and silage (Table 1)
were analyzed for: DM, at 105°C; crude protein, by
the Kjeldahl method according to Detmann et al.
(2012); and neutral detergent fiber (FDN) and acid
detergent fiber (FDA), as described by Van Soest et al.
(1991), using the Ankom 200 fiber analyzer (Ankom
Technology, Macedon, NJ, USA). Ethereal extract was
determined by the extraction for 8 hours of soluble
substances in petroleum ether through the Soxhlet
method. Ash was obtained by combustion in a muffle
furnace at 600°C. Organic matter (OM) was calculated
as the difference between the contents before and after
the complete burning of the sample (OM = 100 - ash).
Starch, total digestible nutrients (TDN), nonfibrous
carbohydrates (NFC), and digestible energy were
determined according to Compéndio Brasileiro de
Alimentacao Animal (2013).

The ruminal inoculum was removed and transported
in a preheated thermo flask. The ruminal liquid was
filtered with two layers of cotton gauzes, subjected to a
continuous injection of CO,, and kept in a thermostatic
bath heated to 39°C. A buffer solution was added to
the inoculum, at a ratio of 1.0 mL rumen liquid for
each 6.85 mL buffer (Menke et al., 1979). After the

solution was prepared, 25 mL were added to 50 mL
pre-carbonated with CO, bottles already with 500 mg
substrate diets ground in a 1.0-mm sieve. Five hours
before incubation, the bottles were conditioned in a
chamber at 39°C for temperature stabilization. Bottles
without extracts (standard) and flasks containing only
rumen liquid (white) were also included in triplicate
for each inoculum and experimental period. The vials
were sealed with a silicone cap and an aluminum ring
and then incubated at 39°C for up to 96 hours, being
shaken at 90 motions per minute. The volumes within
the vials were gauged after 2, 4, 6, 8, 10, 12, 14, 17, 20,
24,28, 34, 48, 72, and 96 hours of incubation, using a
water displacement device (Fedorah & Hrudey, 1983).

At 24 hours of incubation, approximately 10 mL
gas were collected from each vial with a syringe,
transferred to a 6.8-mL Exetainer vial (Labco Limited,
Lampeter, Ceredigion, United Kingdom), and sent
to a laboratory for the quantification of CH4 using
the 7820A gas chromatography system (Agilent,
Santa Clara, CA, USA) according to Holtshausen et
al. (2009). After the gas production readings were
completed at 24 or 96 hours, the residues resulting
from incubation were collected and filtered on vacuum
filter paper. These residues were oven-dried at 105°C

Table 1. Bromatological composition of the bovine diets, containing different levels of concentrate (soybean meal and

minerals) and corn silage (control), used for in vitro incubation.

Component® Concentrate® Silage Inclusion of concentrate (%)
Silage +25% Silage + 50% Silage + 75%

Dry matter (DM, %) 91.5 34.1 48.5 62.8 77.2
Organic matter (%) 89.5 95.4 93.9 92.4 90.9
Crude protein (% DM) 42 9.1 17.3 25.5 33.8
ADF (% DM) 11.5 25.6 22.1 18.5 15
NDF (% DM) 19.8 40.6 35.4 30.2 25
Ethereal extract (% DM) 1.4 3.2 2.8 2.3 1.9
NFC (% DM) 299 434 40 36.6 33.3
Starch (% MS) 8.9 324 26.5 20.6 14.7
TDN (%) 75.9 68.9 70.7 72.4 74.2
DE (kcal g") 3.35 3.04 3.11 3.19 3.27

(DM, dry matter; ADF, acid detergent fiber; NDF, neutral detergent fiber; NFC, nonfibrous carbohydrates; TDN, total digestible nutrients; and DE,

digestible energy. @The concentrate was composed of 97% soybean meal and 3% minerals.
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until reaching constant weight, and the results were
used to calculate in vitro DM degradation.

After filtration, two samples of the liquid phase of
each flask were collected and frozen at -20°C for the
analysis of volatile fatty acids (VFA) and ammonia
nitrogen (N-NH;). The N-NH; concentration was
determined in a Kjeldahl micro apparatus through
the distillation of 2.0 mL liquid contents recovered
from the fermentation flask using 10 mL potassium
chloride at 15%, 2.0 g magnesium oxide, 20 mL boric
acid at 4% as the receiving solution, and hydrochloric
acid (0.01 N) as the titration solution. The VFA
contents were evaluated using the €2695 module for
high-performance liquid chromatography (Waters
Corporation, Milford, MA, USA).

Digestible energy was calculated considering 1.0
kg TDN equal to 4,409 Mcal (Silva & Ledo, 1979),
and energy loss was obtained as a percentage of the
digestible energy of the sample, assuming the value of
9.45 kcal L' CH,4 (Brouwer, 1965).

The data were subjected to the analysis of variance
considering the effects of the addition or not of the
propolis residue.

Using the Gauss-Newton algorithm, the results of
accumulated in vitro gas production were adjusted
to the bicompartmental logistic model described by
Schofield et al. (1994), according to the equation:
V() = VIl / (1 + exp2 -4 x ¢l x (T - L))+ Vf2/
(1 + exp2 - 4 x c2 x (T - L))), where V(t) is the
maximum total volume of gases; Vf1 is the maximum
volume of the gases produced by the slow degradation
fraction made up of fibrous carbohydrates (FC); cl is
the rate of gas production by the degradation of FC;
L is the latency phase, i.e., time of incubation; T is
fermentation time; V{2 is the maximum volume of the
gases produced by the fast degradation fraction made
up of NFC; and c2 is the rate of gas production by the
degradation of NFC.

The data were analyzed considering the fixed effects
of the food additive (use or not of the propolis extract
residue), type of diet (inclusion levels of the concentrate
based on soybean meal), and interaction between these
treatments and the random effect of the incubation
round (n = 3 rounds). Statistical significance was
considered when p<0.05. Treatments were compared
regarding diet type when p<0.05, considering the
linear and quadratic effects associated with the 0, 25,
50, and 75% inclusion levels of the concentrate based
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on soybean meal. In addition, a correlation study was
performed between the variables using Pearson’s
correlation coefficient, at 5% probability.

Results and Discussion

The production of gases (Vf1) from FC was affected
by the increasing levels of the concentrate and by
the inclusion of the propolis residue (Table 2). The
addition of soybean meal also affected the rate of
gas production (cl) due to the fermentation of FC,
reducing linearly as the level of concentrate increased.
The highest Vf1 occurred with the highest concentrate
level associated with the presence of the residue. Since
the concentration of FC decreased as soybean meal
was increased in the diets, it is possible to increase
the gas production from this carbohydrate, which was
maximized with the use of the propolis residue.

The availability of NFC in the rumen is essential
for ruminal microbial growth and a greater microbial
protein intake (Cabral et al., 2011), with a consequently
higher rate of fermentation and gas production. In this
way, the increase of NFC and reduction of the amount
of FC to be fermented may have maximized the
performance of the cellulolytic and hemicellulolytic
bacteria, increasing Vfl. This result differs from those
of Araujo et al. (2018), who analyzed in vitro gas
production with increasing levels of a propolis ethanolic
extract in diets containing 50% corn and soybean
concentrate and 50% elephant grass (Pennisetum
purpureum Schumach.), finding no change in the
production of gases from FC. Therefore, the ethanolic
extract and the residue of propolis somehow respond
differently in terms of gas production from FC. A
possible explanation is that the alcohol contained in the
extract and that can inhibit bacterial growth (Patterson
& Ricke, 2015) is no longer present in the propolis
residue.

The production of gases from the fermentation
of NFC (Vf2) was not influenced by the treatments,
proving that the propolis residue, as well as the
propolis extract tested in the literature, does not hinder
the growth of Gram-negative bacteria related to the
degradation of NFC (Soltan et al., 2016).

The addition of the propolis residue did not alter the
total volume of gases produced [V (t)]; however, the
inclusion of the concentrate had a positive quadratic
effect. The increase in V (t) is related to a greater
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amount of FC and a greater availability of protein and
energy, which decreased colonization time (lag time).
This result is positive, since a longer colonization
time would result both in a slow growth of ruminal
microorganisms, reducing the use efficiency of the
diet, and in a low synthesis of microbial cells (Regadas
Filho et al., 2011).

DM degradation was not affected by the addition
of the propolis residue, but was higher when the
concentrate was added, with a linear effect. The use
of soybean meal increased the proportion of digestible
nutrients, observed by the increment in TDN, which
may be related to the increase in DM digestibility.

The production of total VFA was not altered by
the treatments. However, the acetate:propionate ratio
was influenced by the addition of the propolis residue,
which resulted in a greater propionate production
(Table 3). Diets containing more NFC produce greater
proportions of propionate than those with higher FC

amounts (El-Waziry, 2007); however, in the present
study, the addition of the propolis residue, even to the
control group containing only corn silage but more
FC, showed a superior propionate production. This
latter result differs from those observed by Prado et
al. (2010) when using an alcoholic propolis extract and
sodium monensin, confirming the different behavior
of the propolis residue.

The addition of the propolis residue did not affect
pH, differently from the inclusion of the concentrate.
However, the observed pH range, between 6 and 7,
allows the ruminal development of all the components
of the microbial biomass, including bacteria, protozoa,
and fungi (Hobson & Stewart, 1997). Lindberg
(1985) found a pH range from 6 to 8, compatible
with the maximum action of the enzymes of ruminal
microorganisms. According to Mould et al. (1983),
only when the pH is below 6 do deleterious effects on
FC degradation begin, which is not desirable.

Table 2. Parameters of the in vitro ruminal kinetics of bovine diets with increasing levels of concentrate based on soybean
meal, with or without the use of a propolis extract residue additive®.

Parameter  Additive (A) Inclusion of concentrate (IC) MSE P-value IC effect
0% 25% 50% 75% A FS AxFS Linear  Quadratic
VEl Control 84.2 84.7 96.4 108.4
L 4.43 0.01 <0.001 033 <0.001  0.002
(mL) Propolis residue 83 96.9 111 1187
ol Control 0.035 0.032 0.029 0.029
-~ 0.0019  >0.50 0.01 >0.50 0.002 0.002
mLDY  propolis residue 0036 0.032 0.029 0.03
Vi2 Control 149.5 152.8 152.7 154.6
. 6.63 >050  >050  >0.50 - -
(mL) Propolis residue ~ 147.4 153.1 151.6 144.5
2 Control 0.122 0.11 0.111 0.102
- 0.006 >0.50 0.21 >0.50 - -
mLBY  propolis residue  0.116 0.115 0.111 0.109
v Control 2337 2375 249.1 263
L 10.61 >0.50 0.05 >0.50 0.001 0.007
O ML) propolis residue 2304 250 262.6 263.2
; Control 2.57 2.1 1.66 13
Lhag time 0.28 0.12 0.02 >0.50 0.13 0.31
(hours)  propolis residue 2.6 2.25 2.08 1.94
Control 63.1 70 72.1 74.6
D(f}w 2.1 0.09 <0.001 0.42 0.02 0.06
(%) Propolis residue ~ 59.1 65.3 68.2 76.3

MVf1, volume of the gases produced by the fermentation of fibrous carbohydrates; cl, rate of gas production by the fermentation of fibrous carbohydrates;
V12, volume of the gases produced by the fermentation of nonfibrous carbohydrates; c2, rate of gas production by the fermentation of nonfibrous
carbohydrates; V (t), total volume of the gases produced by the fermentation of the sample; Lag time, colonization time; DMD, dry matter degradation
at 96 hours of incubation; A, addition or not of the propolis extract residue; MSE, mean standard error; and FS, inclusion levels of the concentrate based
on soybean meal.
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The concentration of N-NH; was not altered by the
addition of the propolis residue in relation to the control,
even when the protein levels of the diet were increased
via concentrate. However, a linear increase in N-NHj;
was observed with the inclusion of the concentrate in
the diet. These results were not expected since other
studies reported an increase in the rumen nitrogen
metabolism, a reduction in proteolytic bacteria, and
a consequently lower concentration of free N-NH;
with the inclusion of concentrate (Oliveira et al., 2006;
Ozturk et al., 2010; Aguiar et al., 2014).

The concentrations of N-NH; varied from 8.4
to 7.8 mg dL"' and from 17.2 to 14.4 mg dL"! in the
control and in the treatments with the propolis residue,
respectively, from the lowest to the highest level of
concentrate inclusion. The obtained ranges meet the
levels required for microbial growth, which would be
from 5 to 15 mg dL"' N-NH; (Detmann et al., 2010).

In the present experiment, the addition of the propolis
residue reduced the percentage of CH, production by
4.35, 7.00, 8.57, and 9.91% at the concentrate inclusion
levels of 0, 25, 50, and 75%, respectively (Table 4).

Leopoldino et al. (2007) also observed a reduction in
CH, considering total gas production, when testing an
alcoholic propolis extract as an alternative to reduce
CH, emissions in diets with the inclusion of 46.5%
concentrate to 53.5% roughage. Ehtesham et al. (2018)
reported that the addition of an alcoholic extract of
propolis increased the total production of gases and,
simultaneously, reduced the production of CH, in diets
with a medium or high inclusion of concentrate due to
the reduction of methanogenic and protozoan bacteria,
which is possibly related to the composition of the
propolis used.

The propolis residue was shown to be efficient in
reducing CH, with a greater energy retention and use
of the diet by the animal, which, in practical terms, may
indicate the possibility of obtaining a greater animal
efficiency. Considering the addition of the propolis
residue and the estimated energy loss (percentage of
digestible energy), at the concentrate inclusion levels
of 0, 25, 50, and 75%, the digestible energy available
to the animal was of 8.11, 11.25, 10.00, and 18.52%,
respectively, compared with the control.

Table 3. Concentrations and ratio of short-chain volatile fatty acids (acetate, propionate, and butyrate), pH index, and
concentration of ammoniacal nitrogen at 24 hours of incubation with or without the use of propolis extract residue additive
in bovine diets with increasing levels of concentrate based on soybean meal®.

Volatile fatty acids Additive (A) Inclusion of concentrate (IC) MSE P-value IC effect
0% 25% 50% 75% A FS AxFS Linear Quadratic

Control 54.9 57.8 50.9 577

Total YF’f 437 >050  >050  >050 - -
(mmol L) Propolis residue  55.2 63.2 53.2 62.8
Control 33.1 353 38.6 36.3

Aceta:eL_l 252 025 050 050 - -
(mmol L) Propolis residue 32.7 37.6 31.6 37.1
i Control 11.8 12.1 11.2 12.4

Pmp“;“a_fe 090 019  >050  >050 - -
(mmol L) Propolis residue  14.2 14.6 12.6 14.5
Control 10.0 10.4 9.0 9.0

outyrae 133 >050  >0.50  >050 - -
(mmol L) Propolis residue 8.3 9.1 74 11.3
. Control 2.8 2.9 2.8 3.0

Acetate: 0.15 001  >050  >0.50 ; ;
propionate Propolis residue 2.3 23 2.6 25
Control 6.7 6.8 6.9 7.1

pH 004  >050 <0001 >0.50  0.09 0.21
Propolis residue 6.8 6.9 6.9 7.0
: Control 8.4 1.6 13.2 17.2
N-Ni; 0.42 0.31 0002  >0.50 <0.001  <0.001

(mg dL) Propolis residue 7.8 10.4 13.6 144

(VFA, volatile fatty acids; N-NH;, ammoniacal nitrogen; A, use or not of propolis extract residue; MSE, mean standard error; and FS, inclusion levels

of the concentrate based on soybean meal.
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Table 4. Production of methane (CH,) as a percentage of gases — in vitro, as volume per unit of dry matter and, incubated, as
volume per unit of digestible dry matter —, as well as energy contained in the emitted CH,, CH, energy loss, and production
of CH, as a function of the production of volatile fatty acids with or without the use of a propolis extract residue additive in
bovine diets with increasing levels of a concentrate based on soybean meal®,

Methane Additive (A) Inclusion of concentrate (IC) MSE P-value IC effect
0% 25% 50% 75% A FS AxFS Linear Quadratic
CH, Control 9.2 10.0 10.5 11.1
o 0.37 0.009  0.007  >0.50 0.6 0.37
(%) Propolis residue 8.8 9.3 9.6 10.0
CH, Control 10.9 12.1 12.5 12.8
, 043 <0.001 0040 0385  >050  >0.50
(mL g' DM) Propolis residue  10.2 10.7 11.3 10.5
CH, Control 26.5 29.8 29.0 289
; 2.65 0098  >050  >0.50 - -
(mL g" DMD) Propolis residue  26.2 276 25.8 21.4
Control 7.4 8.0 8.0 8.1
%"Ss of encrgy 0.31 0001 0376  >0.50 - -
or CHy (% DE) Propolis residue 6.8 7.1 7.2 6.6
Control 196.6 2013 186.3 2208
CH per total onre 1804 015  >0.50  >0.50 - -
VFA (mL mol")  propolis residue ~ 182.9 187.5 136.6  266.0

(DM, dry matter; DMD, dry matter degradation; DE, digestible energy; VFA, volatile fatty acids; A, use or not of propolis extract residue; MSE, mean
standard error; and FS, inclusion levels of the concentrate based on soybean meal.

Conclusion

The inclusion of the propolis residue in bovine
diets increases the production of gases from the
degradation of fibrous carbohydrates, but reduces the
acetate:propionate ratio and methane production.

Acknowledgments

To Mestrado Profissional em Nutri¢do e Producao
Animal of Instituto Federal de Educagdo, Ciéncia e
Tecnologia do Sudeste de Minas Gerais (IF Sudeste
MG) and to Embrapa Gado de Leite, for support.

References

AGUIAR, S.C. de; PAULA, EM. de; YOSHIMURA, E.H.;
SANTOS, W.B.R. dos; MACHADO, E.;, VALERO, MV,
SANTOS, GT. dos; ZEOULA, L.M. Effects of phenolic
compounds in propolis on digestive and ruminal parameters in
dairy cows. Revista Brasileira de Zootecnia, v.43, p.197-206,
2014. DOL: https://doi.org/10.1590/S1516-35982014000400006.

AGUIAR, S.C.de; ZEOULA, L.M.; FRANCO, S.L.; PERES, L.P;
ARCURI, P.B.; FORANO, E. Antimicrobial activity of Brazilian
propolis extracts against rumen bacteria in vitro. World Journal
of Microbiology Biotechnology, v.29, p.1951-1959, 2013. DOI:
https://doi.org/10.1007/s11274-013-1361-x.

ARAUJO, CM. de; SILVA, F.G.B. da; CASTRO, D.PV,
MENEZES, D.R.; QUEIROZ, M.A.A;; YAMAMOTO, S.M.
Gas production and in vitro degradability of sheep diets
containing propolis ethanolic extract. Revista Brasileira
de Satde e Producdo Animal, v.19, p.277-286, 2018. DOI:
https://doi.org/10.1590/S1519-99402018000300005.

BROUWER, E. Report of sub-committee on constants and
factors. In: EAAP SYMPOSIUM ON ENERGY METABOLISM,
3., 1965, London. Proceedings. London: Academic Press, 1965.
p.302-304. Editor K.L. Blaxter. (EAAP. Publication, n.11).

CABRAL, L. da S.; VALADARES FILHO, C.; DETMANN, E,;
ZERVOUDAKIS, J.T.; GALATI, R.L.; PAULA SOUSA, D.D;
SOUZA, A.L.D. Simulation and validation of the ruminal digestion
of carbohydrates in cattle from kinetic parameters obtained by in
vitro gas production technique. Revista Brasileira de Zootecnia,
v.40, p.1984-1990, 2011. DOI: https:/doi.org/10.1590/S1516-
35982011000900020.

CASTILLO-GONZALEZ, A.R; BURROLA-BARRAZA,
M.E.; DOMINGUEZ-VIVEROS, J.; CHAVEZ-MARTINEZ, A.
Rumen microorganisms and fermentation. Archivos de Medicina
Veterinaria, v.46, p.349-361, 2014. DOI: https:/doi.org/10.4067/
S0301-732X2014000300003.

CLEMMONS, B.A.; VOY, B.H.; MYER, P.R. Altering the
gut microbiome of cattle: considerations of host-microbiome
interactions for persistent microbiome manipulation. Microbial
Ecology, v.77, p.523-536, 2019. DOI: https://doi.org/10.1007/
s00248-018-1234-9.

Pesq. agropec. bras., Brasilia, v.55, ¢01572, 2020
DOI: 10.1590/S1678-3921.pab2020.v55.01572


https://doi.org/10.1007/s00248-018-1234-9
https://doi.org/10.1007/s00248-018-1234-9

8 R.J.T. Nascimento et al.

COMPENDIO Brasileiro de Alimentagio Animal. Sdo
Paulo: Sindira¢des, 2013. 483p. Métodos Analiticos.

DETMANN, E.; PAULINO, M.F; VALADARES FILHO,
S. de C. Otimiza¢do do uso de recursos forrageiros basais.
In: SIMPOSIO DE PRODUCAO DE GADO DE CORTE, 7;
SIMPOSIO INTERNACIONAL DE PRODUCAO DE GADO DE
CORTE, 3., Vigosa, 2010. Anais. Vigosa: Universidade Federal de
Vigosa, 2010. p.191-240.

DETMANN, E.; SOUZA, M.A., VALADARES FILHO,
S.C.; QUEIROZ, A.C.; BERCHIELLI, T.T.; SALIBA, E.O.S;
CABRAL, L.S.; PINA, D.S.; LADEIRA, M.M.; AZEVEDO,
J.A.G. Métodos para anilise de alimentos. Visconde do Rio
Branco: Suprema, 2012. 214p.

EHTESHAM, S.; VAKILI, A.R.; MESGARAN, M.D,;
BANKOVA, V. The effects of phenolic compounds in Iranian
propolis extracts on in vitro rumen fermentation, methane
production and microbial population. Iranian Journal of Applied
Animal Science, v.8, p.33-41, 2018.

EL-WAZIRY, A.M. Nutritive value assessment of ensiling
or mixing Acacia and Atriplex using in vitro gas production
technique. Research Journal of Agriculture and Biological
Sciences, v.3, p.605-614, 2007.

FEDORAH, PM.; HRUDEY, S.E. A simple apparatus for
measuring gas production by methanogenic cultures in serum
bottles. Environmental Technology Letters, v.4, p.425-432,
1983. DOI: https://doi.org/10.1080/09593338309384228.

GUAN, H.; WITTENBERG, K.M.; OMINSKI, K.H.; KRAUSE,
D.O. Efficacy of ionophores in cattle diets for mitigation of enteric
methane. Journal of Animal Science, v.84, p.1896-1906, 2006.
DOI: https://doi.org/10.2527/jas.2005-652.

HAO, H.; CHENG, G.; IQBAL, Z.; Al, X.; HUSSAIN, H.L;
HUANG, L.; DAL, M.; WANG, Y.; LIU, Z.; YUAN, Z. Benefits and
risks of antimicrobial use in food-producing animals. Frontiers
in Microbiology, v.5, 2014. DOI: https://doi.org/10.3389/
fmicb.2014.00288.

HEIMBACH, N. da S.; ITAVO, C.C.B.E; LEAL, C.R.B.; ITAVO,
L.CV.; SILVA, J.A. da; SILVA, P.C.G.; REZENDE, L.C. de;
GOMES, M. de F.F. Residuo da extragao de propolis como inibidor
bacteriano in vitro. Revista Brasileira de Satide e Producio
Animal, v.17, p.65-72, 2016. DOI: https://doi.org/10.1590/S1519-
99402016000100007.

HOBSON, P.N., STEWART, C.S. (Ed.). The rumen microbial
ecosystem. 2" ed. London: Blackie Academic and Professional,
1997. DOL: https://doi.org/10.1007/978-94-009-1453-7.

HOLTSHAUSEN, L., CHAVES, AV. BEAUCHEMIN,
K.A.; MCGINN, S.M.; MCALLISTER, T.A.; ODONGO,
N.E.;; CHEEKE, P.R.; BENCHAAR, C. Feeding saponin-
containing Yucca schidigera and Quillaja saponaria to decrease
enteric methane production in dairy cows. Journal of Dairy
Science, v.92, p.2809-2821, 2009. DOI: https://doi.org/10.3168/
jds.2008-1843.

LEOPOLDINO, W.M.; LANA, R.P; EIFERT, E.C.; ARCURI,
P.B.; MANTOVANI, H.C.; MARTINS, R.G.R. Avaliagdo de
iondforos pela técnica da perda do potassio celular e produgao
de gases in vitro. Arquivo Brasileiro de Medicina Veterinaria

Pesq. agropec. bras., Brasilia, v.55, €01572, 2020
DOI: 10.1590/S1678-3921.pab2020.v55.01572

Zootecnia, v.59, p.1516-1522, 2007. DOI: https://doi.org/10.1590/
S0102-09352007000600026.

LINDBERG, J.E. Estimation of rumen degradability of feed
proteins with the in sacco technique and various in vitro methods:
a review. Acta Agriculturae Scandinavica, Suppl.25, p.64-97,
1985.

MAURICIO, R.M.; MOULD, FL.; DHANOA, M.S.; OWEN,
E.; CHANNA, K.S.; THEODOROU, M K. A semi-automated in
vitro gas production technique for ruminant feedstuff evaluation.
Animal Feed Science and Technology, v.79, p.321-330, 1999.
DOTI: https://doi.org/10.1016/S0377-8401(99)00033-4.

MENKE, K.H.; RAAB, L.; SALEWSKI, A.; STEINGASS, H;
FRITZ, D.; SCHNEIDER, W. The estimation of the digestibility
and metabolizable energy content of ruminant feedingstuffs from
the gas production when they are incubated with rumen liquor
in vitro. Journal of Agricultural Science, v.93, p.217-222, 1979.
DOI: https://doi.org/10.1017/S0021859600086305.

MOULD, FE.L.; @RSKOV, E.R.; MANN, S.O. Associative effects
of mixed feeds. 1. Effects of type and level of supplementation
and the influence of the rumen fluid pH on cellulolysis in
vivo and dry matter digestion of various roughages. Animal
Feed Science and Technology, v.10, p.15-30, 1983. DOI:
https://doi.org/10.1016/0377-8401(83)90003-2.

NICODEMO, M.L.F. Uso de aditivos na dieta de bovinos
de corte. Campo Grande: Embrapa Gado de Corte, 2001. 54p.
(Embrapa Gado de Corte. Documentos, 106). http://www.infoteca.
cnptia.embrapa.br/infoteca/handle/doc/325185.

OLIVEIRA, B.S.; PEREIRA, L.GR., AZEVEDO, JAG:;
RODRIGUES, JPP; ARAUJO, G.GL. de; MAURICIO,
R.M.; MACHADO, E.S.; CAMPOS, M.M.; MARTINS, T.L.T,;
TOMICH, T.R. In vitro screening of plants from the Brazilian
Caatinga biome for methanogenic potential in ruminant nutrition.
Environmental Science and Pollution Research, v.25, p.35538-
35547, 2018. DOI: https://doi.org/10.1007/s11356-018-3446-4.

OLIVEIRA, C.A.; MILLEN, D.D. Survey of the nutritional
recommendations and management practices adopted by
feedlot cattle nutritionists in Brazil. Animal Feed Science and
Technology, v.197, p.64-75, 2014. DOI: https://doi.org/10.1016/j.
anifeedsci.2014.08.010.

OLIVEIRA, J.S. de; QUEIROZ, A.C. de; LANA, R. de P;
MANTOVANI, H.C.; GENEROSO, R.A.R. Efeito da monensina
e da propolis sobre a atividade de fermentagdo de aminoacidos
in vitro pelos microrganismos ruminais. Revista Brasileira de
Zootecnia, v.35, p.275-281, 2006. DOI: https://doi.org/10.1590/
S1516-35982006000100035.

OZTURK, H.; PEKCAN, M.; SIRELI, M.; FIDANCI, U.R.
Effects of propolis on in vitro rumen microbial fermentation.
Ankara Universitesi Veteriner Fakiiltesi Dergisi, v.57, p.217-
221, 2010. DOL: https://doi.org/10.1501/Vetfak_0000002428.

PACKER, J.F; LUZ, M.M.S. da. Método para avaliagdo e
pesquisa da atividade antimicrobiana de produtos de origem
natural. Revista Brasileira de Farmacognosia, v.17, p.102-107,
2007. DOI: https://doi.org/10.1590/S0102-695X2007000100019.

PATRA, A.K. Enteric methane mitigation technologies for
ruminant livestock: a synthesis of current research and future


https://doi.org/10.1007/978-94-009-1453-7
https://doi.org/10.3168/jds.2008-1843
https://doi.org/10.3168/jds.2008-1843

Residue of propolis extract in bovine diets with increasing levels 9

directions. Environmental Monitoring and Assessment, v.184,
p-1929-1952, 2012. DOI: https://doi.org/10.1007/s10661-011-
2090-y.

PATTERSON, J.A.; RICKE, S.C. Effect of ethanol and methanol
on growth of ruminal bacteria Selenomonas ruminantium and
Butyrivibrio fibrisolvens. Journal of Environmental Science
and Health, Part B, v.50, p.62-67, 2015. DOI: https://doi.org/10.1
080/03601234.2015.965639.

PRADO, O.P.P. do; ZEOULA, L.M.; MOURA, L.P.P. de;
FRANCO,S.L.;PRADO, I.N. do; GOMES, H.C.C. Digestibilidade
e parametros ruminais de dietas a base de forragem com adicao de
propolis e monensina sddica para bovinos. Revista Brasileira de
Zootecnia, v.39, p.1336-1345, 2010. DOI: https://doi.org/10.1590/
S1516-35982010000600024.

RANGEL, A.H. do N.; LEONEL, F. de P.; SIMPLICIO, A.A.;
MENDONCA JUNIOR, A.F. de. Utilizacdo de ionéforos na
produgdo de ruminantes. Revista de Biologia e Ciéncias da
Terra, v.8, p.264-273, 2008.

REGADAS FILHO, J.G.L.;; PEREIRA, E.S.; PIMENTEL,
P.G.; OLIVEIRA, T.S. de; COSTA, M.R.G.F.; MAIA, 1.S.G.
Degradation kinetics and assessment of the prediction equation of
indigestible fraction of neutral detergent fiber from agroindustrial
byproducts. Revista Brasileira de Zootecnia, v.40, p.1997-2004,
2011. DOI: https://doi.org/10.1590/S1516-35982011000900022.

SCHOFIELD,P,;PITT,R.E.;PELL, A.N.Kinetics of fiber digestion
from in vitro gas production. Journal of Animal Science, v.72,
p.2980-2991, 1994. DOLI: https://doi.org/10.2527/1994.72112980x.

SILVA, JF.C. da; LEAO, M.I. Fundamentos de nutricio dos
ruminantes. Piracicaba: Livroceres, 1979. 380p.

SOLTAN, Y.A.; MORSY, A.S.; SALLAN, S.M.A.; HASHEM,
N.M.; ABDALLA, A.L. Propolis as a natural feed additive in
ruminant diets; can propolis affect the ruminants performance?:
A review. Egyptian Journal of Nutrition and Feeds, v.19, p.73-
79, 2016. DOI: https://doi.org/10.21608/ejnf.2016.74870.

STRADIOTTI JUNIOR, D.; QUEIROZ, A.C. de; LANA, R. de
P.; PACHECO, C.G.; EIFERT, E. da C.; NUNES, PM.M. A¢ao
da propolis sobre a desaminag@o de aminoacidos e a fermentagao
ruminal. Revista Brasileira de Zootecnia, v.33, p.1086-1092,
2004. DOI: https://doi.org/10.1590/S1516-35982004000400029.

TADESSE, G. Rumen manipulation for enhanced feed utilization
and improved productivity performance of ruminants: a review.
Momona Ethiopian Journal of Science, v.6, p.3-17, 2014. DOI:
https://doi.org/10.4314/mejs.v6i2.109618.

TERRY, S.A.; RIBEIRO, R.S.; FREITAS, D.S.; DELAROTA,
G.D.; PEREIRA, L.G.R.; TOMICH, T.R.; MAURICIO, R.M.;
CHAVES, AV. Effects of Tithonia diversifolia on in vitro
methane production and ruminal fermentation characteristics.
Animal Production Science, v.56, p.437-441, 2016. DOI:
https://doi.org/10.1071/AN15560.

VAN SOEST, P.J.; ROBERTSON, J.B.; LEWIS, B.A. Methods
for dietary fiber, neutral detergent fiber, and nonstarch
polysaccharides in relation to animal nutrition. Journal of Dairy
Science, v.74, p.3583-3597, 1991. DOI: https://doi.org/10.3168/jds.
S0022-0302(91)78551-2.

Pesq. agropec. bras., Brasilia, v.55, ¢01572, 2020
DOI: 10.1590/S1678-3921.pab2020.v55.01572


https://doi.org/10.2527/1994.72112980x

