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Abstract: This study aims to evaluate the fermentative profile, fermentative losses, microbial popula-
tions, aerobic stability, chemical composition, and in situ degradability of total mixed ration silages
based on forage cactus associated with xerophytic legumes. The treatments consisted of four total
mixed ration silages based on forage cactus and concentrate (TMRC), associated with legumes such as
Gliricidia sepium (TMRG), Leucaena (TMRL), and Senna obtusifolia (TMRS). There was a significant dif-
ference (p < 0.05) among the evaluated treatments for the pH and NH3-N (% of total N) variables. The
pH values remained within the ideal range, from 4.2 to 4.4, and the NH3-N content ranged from 2.21
to 0.85%. The dry matter recovery for the evaluated treatments averaged 89%. The lactic acid bacteria
(LAB) counts ranged from 5.0 to 6.3 log CFU/g among the evaluated silages, with TMRC presenting
the lowest count at 5 log CFU/g in comparison with the total mixed ration silages associated with
legume plants. All of the total mixed ration silages associated with legumes presented an average
mold count of 3.3 log CFU/g. Yeast populations were observed only for TMRG at 5 log CFU/g. A
higher aerobic stability was observed for TMRC, followed by TMRG and then TMRS. In conclusion,
the total mixed ration silages associated with G. sepium and S. obtusifolia can be recommended based
on their fermentation and nutritional value.

Keywords: Lactic bacteria; Gliricidia sepium; Leucaena leucocephala; Nopalea; Senna obtusifolia

1. Introduction

In semi-arid regions, the scarcity of quality bulky feed is the main limiting factor
for ruminant production. During drought periods, livestock rely on native cactus plants
and foliage deposited in the soil as their primary sources of feed. This is because most of
the shrubs and trees in the region, which represent important foraging resources, have a
deciduous habit [1]. However, this senescent plant material has a low nutritional value,
resulting in poor livestock performance. Therefore, the search for alternative feeds is
imperative [2].

Among the species found in semi-arid regions are xerophytic legumes such as gliricidia
(Gliricidia sepium), Leucaena (Leucaena leucocephala), and Senna obtusifolia, which produce
high yields of nutritious green leaves during the rainy season [3]. Another notable species

Agriculture 2023, 13, 1759. https:/ /doi.org/10.3390/agriculture13091759

https://www.mdpi.com/journal/agriculture


https://doi.org/10.3390/agriculture13091759
https://doi.org/10.3390/agriculture13091759
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com
https://orcid.org/0000-0001-6968-1738
https://orcid.org/0000-0003-2832-6603
https://orcid.org/0000-0003-0100-3652
https://orcid.org/0000-0002-7975-9508
https://doi.org/10.3390/agriculture13091759
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com/article/10.3390/agriculture13091759?type=check_update&version=1

Agriculture 2023, 13, 1759

2 of 14

is forage cactus (Nopalea cochenilifera Salm-Dyck), which is widely spread in the Brazilian
semi-arid region due to its adaptation to adverse climatic conditions and its high energy
and water contents [4,5].

Considering that the production of these legume plants is concentrated during the
rainy season, the excess forage can be stored as silage. However, legume plants generally
have limitations for the silage process, mainly due to their high buffering capacity and
low soluble carbohydrate content. To overcome these limitations, forage palm can be used
as an additive source of soluble carbohydrates, offering a low-cost and readily available
solution [6,7]. Furthermore, mixing forage palm silage with legume plants can help balance
the soluble carbohydrate and crude protein contents of these forage species. When supplied
separately, these contents may not meet the appropriate standards for silage and animal
feed [2,8].

One approach to making legume plant silage associated with forage palm viable
is by incorporating concentrated ingredients to increase the silage’s dry matter content.
This mixture offers several advantages, including better nutrient utilization, increased
digestibility of the concentrated ingredients, reduced nutritional losses in the silage, and
the ability to acquire and store ingredients at lower costs during the rainy season [9,10].
Additionally, Santos et al. [10] reported that total ration silages improved rumen energy
and protein efficiency and stabilized microbial activities in the silage.

Therefore, the study of G. sepium, L. leucocephala, and S. obtusifolia for total ration silage
associated with forage palm aims to innovate the exploration of these xerophytic legume
plants and employ new technologies for ruminant production systems in arid and semi-arid
regions. Given the significance of these goals, the objective is to evaluate the effects of
associating legume plants with forage palm silage as a complete ration on fermentative
losses, fermentative profiles, microbial populations, aerobic stability, and nutritional value.

2. Materials and Methods

The experiment was carried at the Forage Sector belonging to the Universidade Federal
do Maranhao, located in the Chapadinha-MA municipality, latitude 03°44/33" S, longitude
43°21'21"” W. The climate is hot and humid tropical (Aw) according to Koppen's classifica-
tion. The experimental procedures were approved by the university’s Ethics Committee for
Animal Experimentation under protocol number 23115.011059/2015-26.

The statistical design adopted for this experiment was completely randomized, with
four treatments and five replicates. The obtained treatments were the control treatment
(total mixed ration silage based on forage cactus and concentrate—TMRC); total mixed
ration silage based on forage cactus and G. sepium—TMRG,; total mixed ration silage based
on forage cactus and L. leucocephala—TMRL; and total mixed ration silage based on forage
cactus and S. obtusifolia-—TMRS.

The forage cactus used was the midda cultivar (Nopalea cochenillifera Salm Dyck),
and the secondary cladodes with two years of regrowth were harvested from a forage
cactus cultivation. The legume plants were collected from an agroforestry field. For the
formulation of the experimental rations, the following concentrate ingredients were used:
ground corn, soybean meal, and minerals. The chemical compositions of the ingredients
that were used are described in Table 1.

The experimental diets were formulated to meet the nutritional exigences of lambs
with 20 kg body mass and to supply gains of 200 g/day, according to the NRC [11]
recommendations. The proportions of the ingredients and the chemical compositions of
the ensiled diets can be observed in Table 2.

Experimental PVC silos with dimensions of 0.10 m in diameter and 0.35 m in length,
with Bunsen valves for the exhaustion of gases from the fermentation process, were used.
Placed at the bottom of each silo was 1 kg of sand for the capture of the effluents produced
by the silages. The sand and the ensiled mass were separated with a Sombrite® screen to
prevent the material from touching the sand.
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Table 1. Chemical compositions of the ingredients of the diets.

. Forage G. L. leuco- S. Soybean
Variable Cactus sepium cephala obtusifolia Corn Meal
Dry matter @ 5.78 23.95 26.52 22.27 86.77 87.00
Mineral matter P 3.66 12.36 522 0.66 1.18 6.21
Ethereal extract P 2.06 2.39 3.05 2.16 2.69 1.10
Crude protein b 45 20.10 21.34 21.50 9.51 47.32
Ne““g{):fﬂergem 27.00 14991 58.53 51.86 1488 2481
Acid detergent fiber b 11.31 37.49 45.51 36.81 3.07 7.38
Hemicellulose P 15.79 12.42 13.02 15.05 11.82 17.43
Total carbohydrates b 86.18 65.15 70.40 75.68 86.62 45.37
Non-fibrous
carbohydrates b 59.18 15.24 11.87 23.82 71.74 20.56
T‘:ﬁigﬁ‘:tﬁle 7709 67.01 61.78 6632 8582  82.00
Digestible nutrients d 3.40 2.95 2.72 2.92 3.78 3.62
Metabolizable 2.98 2.53 2.30 2.50 3.37 3.20
energy

2 Percentage of natural matter; ® percentage of dry matter; ¢ estimated according to Cappelle et al. (2001) for each
of the feeds used; 9 estimated according to the formula DE (Mcal) = 0.04409 x TDN; € estimated according to the
formula ME x (Mcal) =1.01 x DE — 0.45.

Table 2. Percentage and chemical compositions of diets at the time of ensiling.

Diets
Ingredients (%)
TMRC ! TMRG 2 TMRL 3 TMRS 4
Forage cactus 66.7 40.3 50.5 33.43
Ground corn 5.66 114 7.59 11.25
Soybean meal 27.2 13.4 20.3 12.78
G. seium - 34.6 - -
L. leucocephala - - 21.2 -

S. obtusifolia - - - 42.14

Minerals 0.4 0.4 0.4 0.4

Total 100 100 100 100

Chemical Composition

Dry matter @ 32.85 32.53 33.20 32.60
Mineral matter P 4.20 6.71 4.31 2.43
Ethereal extract P 1.83 211 2.11 2.04
Crude protein ® 18.82 17.61 18.95 18.89
Neutral detergent fiber b 25.61 33.13 32.20 35.72
Acid detergent fiber P 9.73 18.84 17.08 20.58
Hemicellulose P 15.95 14.33 15.17 15.18

Soluble carbohydrates 6.5 5.7 5.3 5.8
Total carbohydrates b 74.75 73.17 74.23 76.24
Non-fibrous carbohydrates b 49.14 40.04 42.03 40.52
Total digestible nutrients be 78.61 74.95 75.20 73.85
Digestible energy 4 347 3.30 3.32 3.26
Metabolizable energy © 3.05 2.89 2.90 2.84

TMRC ! = total mixed ration silage based on forage cactus and concentrate; TMRG ? = total mixed ration silage
based on forage cactus and G. sepiunt; TMRL ® = total mixed ration silage based on forage cactus and L. leucocephala;
TMRS # = total mixed ration silage based on forage cactus and S. obtusifolia;  natural matter percentage; ® dry

matter percentage; ¢ estimated according to Cappelle et al. (2001) for each of the feeds; ¢ estimated according to
the formula DE (Mcal) = 0.04409 x TDN; € estimated according to the formula ME x (Mcal) = 1.01 x DE — 0.45.

The forage cactus was processed to a 2 cm size, approximately. The legume plants
were also ground to a particle size of 2 cm using a forage harvester attached to the tractor.
After mixing the concentrate ingredients and the forages, the manual packaging of the
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ensiled mass in the interior of the silo followed. The compaction density obtained was
approximately 718 kg/m?; on average, 2.150 kg of fresh forage was put in each experimental
silo, and the silos were kept at room temperature (26-29 degrees).

The opening of the silos occurred at 60 days after the ensilage of the rations. At the
moment of the opening, the weighing of each sealed silo as well as the weighing of the
silo without the lid and the weighing of the silo after removing the silage were performed.
Every weight was registered and used for the calculation of the losses by gasses, effluent,
and dry matter recovery, according to the formulae described by Jobim et al. [12]. Losses by
gasses: PG = ((PSf — Psa)/(FEMf x DMf)) x 100, in which PG: gas loss during storage (% of
initial DM); PSf: weight of the silo at the ensilage; PSa: weight of the silo at the opening;
FMs: forage mass at the ensilage; DMf: DM of the ensiled forage.

Losses by effluents: PE = (Pef x 1.000)/Mvi, in which PE: losses by effluents; Pef:
effluent’s weight (weight of the empty set after opening-weight of the empty set prior to
the filling); Mvi: amount of ensiled forage dry mass.

Dry matter content: DMR = ((FMab x DMab)/(FMfe x DMfe)) x 100, in which DMR:
dry matter recovery index; FMab: forage mass at the opening; DMab: DM content at the
opening; FMfe: forage mass during the closing; DMfe: DM content at the closing.

The concentration of soluble carbohydrates was obtained using the sulfuric acid
phenol method [13]. For the obtention of the pH, 25 g of silage was collected and 100 mL
of distilled water was added, and the material remained at rest for 1 h; later, the readings
were performed using a potentiometer [14]. A total of 12.5 g of silage was collected for
the determination of the ammoniac nitrogen concentration (N-NH3), in which 100 mL
of HySO4 0.2 N solution was added, and the samples remained for rest for 48 h; after
the rest, a filtering was performed, and the extract that was used for the reading in the
spectrophotometer at a 630 nm wavelength was obtained [15]. For the calculations, the
total nitrogen of the sample was considered [16].

After the opening of the silos, 25 g of fresh silage sample was collected, in which
225 mL of distilled water was added. The targeted dilutions were 102 to 107, according
to the methodology proposed by Gonzalez and Rodriguez [17]. For the counting of lactic
acid bacteria (LAB), the samples were plated to MRS plates (Difco) using Petri plates, and
immediately afterwards, the plates were incubated at 37 °C for 48 h in a BOD greenhouse
before the counting. The molds (M) and yeasts (L) were quantified using the pour-plating
technique in potato dextrose agar (Difco) acidified by the addition of 1.5% (w/v) tartaric
acid at 10%; after the plating, the Petri plates were incubated at 25 °C for 5 days. The
colonies that were considered susceptible to counting were those that had from 30 to
300 CFUs (colony-forming unities).

The assay on the aerobic stability of the silages had a total elapsed time of 120 h. The
experimental silos were placed in a room with a controlled room temperature at 25 °C.
Room temperature was monitored by means of a thermometer hanging in the air. The
silages’ temperatures were measured at each half hour with digital thermometers that were
inserted in the center of the mass. The aerobic stability of the silage was calculated as the
time spent, in hours, for the silage to increase to 2 °C above room temperature [18].

The samples of the ingredients of the rations, of the silages, and of the ensilages were
placed in aluminum trays, labeled, weighed, and taken to forced circulation ovens at 55 °C
for 72 h in the Laboratdrio de Analise de Alimentos e Nutrigdo Animal-LAANA belonging
to the Universidade Federal da Paraiba-UFPB (Campus II, Areia). After the pre-drying,
the samples were processed in a knife mill into 1 mm sieves. In the pre-dried samples,
the dry matter (method 934.01), crude protein (Kjeldahl method 920.870), ethereal extract
(EE, method 920.39), and ash (method 930.05) were determined and analyzed according to
AOAC [19]. The neutral detergent fiber analysis (NDF) and the acid detergent fiber (ADF)
were determined according to Van Soest et al. [20]. The hemicellulose (HEM) was obtained
by calculating the difference between the NDF and ADF [16].

The total digestible nutrients (TDNs) were estimated according to the equation proposed
by Cappelle et al. [21] for the category of each feed. The digestible energy (DE) was estimated
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using the formula DE (Mcal) = 0.04409 x TDN. For the estimation of the metabolizable
energy (ME), the following formula was used: ME x (Mcal) = 1.01 x DE — 0.45 [22].
The FNCs were calculated according to the equation described by Weiss as follows [23]:
FNC =100 — (%CP + %EE + %MM + %NDF).

For the in situ assay of the ruminal degradability, a 600 kg cross-bred cattle in 2 runs
with a fistulated rumen was used. The animal was fed twice a day, in the morning and in
the afternoon, with a concentrated mixture (corn meal and soybean meal) and roughage
(based on corn and forage cactus silage), and a mineral core. The silage and ingredient
samples that were pre-dried at 55 °C for 72 h were processed in a knife mill in 2 mm
sieves. The experimental design was the completely randomized with four treatments and
seven incubation times (0, 6, 12, 24, 48, 72 and 96 h) [24]; in each incubation period, four
nonwoven fabric bags containing 4 g of the sample were incubated.

After the incubation period, each bag was washed in running water until the water
turned crystal clear. Subsequently, the bags were put into a forced air circulation oven at
55 °C for 72 h. For the determination of the dry matter reduction at the period zero, the
bags were washed in water bath for one hour at 39 °C to simulate rumen’s temperature.
The bags from the period zero also went through the same procedures that the bags that
were incubated in the rumen went through.

The dry matter reduction percentage at each period was calculated with the proportion
of the feed that disappeared from the bag after incubation in the rumen.

For the evaluation of the dry matter degradation parameters (DMD), the following
equation, proposed by Orskov and Mcdonald [25], was used:

Dt=A + B x (1 — ect) onde, where

Dt = degraded fraction in time t (%);

A = soluble fraction (%);

B = potentially degradable insoluble fraction in the rumen (%);

C = B fraction degradation rate (h — 1);

T = time (hours).

The effective degradability of the dry matter (ED) was estimated according to the
model proposed by Orskov and Mcdonald [25], in which k corresponds to the flow rate of
solid in the rumen (2% /h; 5%/h and 8%/h). The equation used was as follows:

ED=A+ (B xc/c+k)

The data were submitted to variance analysis and the means were compared using
the Tukey test at a 5% probability level. The SAS™ program’s PROC MIXED (Edition
University, SAS Institute Inc., Cary, NC, USA) procedures were used with the following
statistical model:

Yik = pu +Si + ¢ik,

where: Yik is the dependent variable in the experiment, measured by the experimental
unity “k” of the silage “i”; p is the general constant; Si is the effect of the silages; and ¢ik is
the effect of the random error. The in situ degradability data were statistically analyzed

using the following statistical model:
Yijk = u + Ti + Aj + PAjk + eijk

where: Yijk = observed value; 1 = general constant; Ti = treatment effect; Aj = effect of
incubation time in the rumen; PAjk = effect of the interaction between treatment and time;
eijk = random error associated with each observation.

3. Results

For the fermentation characteristics, a difference was observed regarding the pH
(p < 0.001), ammoniacal nitrogen (NH;3-N, p < 0.001), and effluent loss (EL, p < 0.05) values
of the total mixed ration silages (Table 3). The levels of water-soluble carbohydrates (WSC,
p =0.1965), gas loss (GL, p = 0.5301) and dry matter recovery (DMR, p = 0.4035) did not
show significant differences.
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Table 3. Fermentation characteristics of total mixed ration silages based on forage cactus and legume

plants.
Diets
Item SEM10  p-Value !
TMRC! TMRG?2 TMRL3® TMRS*
pH7 42b 44a 43b 42b 0.015 <0.0001
Water'sombleS 211a 128 a 121a 131a 0177 0.1965
carbohydrates

Ammoniac nitrogen 6 220 a 221 a 1.85b 1.60b 0.154 <0.001
Effluents losses 8 40.13a  31.07ab  28.76ab  2336b 2.366 0.0584
Gas losses ° 11.86 a 10.84 a 11.09 a 10.99 a 0.261 0.5301
DMR ? 88.13 a 89.15 a 89.78 a 89.01a 0.334 0.4035

TMRC ! = total mixed ration silage based on forage cactus and concentrate; TMRG 2 = total mixed ration
silage based on forage cactus and G. sepium; TMRL ® = total mixed ration silage based on forage cactus;
TMRS * = total mixed ration silage based on forage cactus and S. obtusifolia %DM ° = dry matter percent-
age; ammoniac nitrogen = (N-NH3/NT) ¢ and hydrogen potential (pH) 7; (kg/ton NM) &; dry matter recovery %;
means followed by different letters on the rows differ from each other according to Tukey’s test with p < 0.05;
10 standard mean error; 1! significant effect of the diets.

The highest pH value was observed for the total mixed ration silages based on forage
cactus and G. sepium TMRG; this value was 4.4. The highest concentrations of NH3-N were
obtained by the TMRC and TMRG with 2.20 and 2.21%, respectively. Regarding the TMRL
and TMRS, lower concentrations of NH3-N were observed, and they were 0.85 and 1.01%,
respectively. The TMRC registered the highest PE (40.13 kg/ton NM); however, it did not
differ from the TMRG and TMRL, while the lowest EL was 23.36 kg /ton NM, which was
observed for the TMRS, which did not differ from the TMRG or TMRL.

For microbial populations, the lactic acid bacteria (LAB) ranged from 5.0 to 6.3 log
(CFU/g) for the evaluated total mixed ration silages (Figure 1). The TMRC presented the
lowest count, 5 log (CFU/g), in comparison with the total mixed ration silages associated
with legume plants.

For the mold population, it was observed that all the total mixed ration silages asso-
ciated with legume plants presented an average count of 3.3 log (CFU/g), except for the
TMRC, which presented a null count for this microbial group (Figure 1).

For the yeast population, it was observed that the TMRG treatment presented a count
of 5 log (CFU/g); on the other side, the TMRC, TMRL and TMRS presented null counts
(Figure 1).

There was difference (p < 0.05) among the aerobic stability of the evaluated total mixed
ration silages; the TMRC and the TMRG presented the highest aerobic stability values:
118.9 and 119.7 h, respectively. On the other hand, the TMRL and the TMRS presented the
lowest aerobic stabilities, 87.3 and 92.13 h; up until that time, the silages kept their aerobic
stability. The TMRL and the TMRS reached the highest temperatures, 31.12 °C and 30.82 °C,
indicating the break of the aerobic stability of these treatments. Concerning the TMRG and
the TMRC, the lower temperatures were registered to be 26.56 and 26.84 °C, respectively,
and the break of the aerobic stability was not observed (Table 4.).

There was a difference (p < 0.05) regarding the dry matter (DM), ether extract (EE),
neutral detergent fiber (NDF), acid detergent fiber (ADF), and the total digestible nutrient
(TDN) contents of the total mixed ration silages (Table 5). No difference was observed
for the content’s ash (p = 0.0008), crude protein (CP, p = 0.1526), hemicellulose (HEM,
p = 0.0076), the total carbohydrates (TC, p = 0.7408), and non-fibrous carbohydrates (NFC,
p =0.1482).

Every total mixed ration silage presented DM contents above 30%, except for the
TMRG, which presented the lowest DM content at 29.52%. The highest EE values were
observed for the silages associated with legume plants, and those were 2.09 and 2.84%. The
highest NDF contents were 24.99%, 22.74%, and 21.56% for the TMRL, TMRS, and TMRG,
respectively, except for the TMRC, which presented the lowest NDF content at 19.77%. The
highest ADF content was observed for the TMRS at 12.07%, and this treatment did not
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differ from the TMRL at 11.63. On the other hand, the ADF content of the TMRL was equal
to the TMRG at 10.71%. The lowest ADF content was 6.42%, which was observed for the
TMRC. The highest TDN was registered for the TMRC, which was 85.68%.

[ LAB Molds [] Yeasts

TMRC TMRG TMRL

Diets

CFU/g of Matter Fresh
O=DWhWuno o

Figure 1. Microbial populations in total mixed ration silages based on forage cactus and legume
plants. TMRC = total mixed ration silage based on forage cactus and concentrate; TMRG = total
mixed ration silage based on forage cactus and G. sepium; TMRL = total mixed ration silage based
on forage cactus and L. leucocephala; TMRS = total mixed ration silage based on forage cactus and
S. obtusifolia.

Table 4. Aerobic stability of total mixed ration silages based on forage cactus associated with legume

plants.
Diets
Variable SEM5  p-Value®
TMRC! TMRG? TMRL?® TMRS*?
Maximum 2684b  2658b  31.12a  30.82a 0.438 0.0018
temperature (°C)
Time to reach
maximum 29.83 b 30.50 b 115.10 a 110.70 a 1.971 <0.0001
temperature (h)
Aerobic stability (h) 118.90 a 119.70 a 87.33b 92.13b 1.116 <0.0001

TMRC ! = total mixed ration silage based on forage cactus and concentrate; TMRG 2 = total mixed ration silage
based on forage cactus and G. sepiunt; TMRL 3 = total mixed ration silage based on forage cactus and L. leucocephala;
TMRS * = total mixed ration silage based on forage cactus and S. obtusifolia; means followed by different letters on
the rows differ from each other according to Tukey’s test with p < 0.05; 5 standard mean error; © significant effect
of the.

In Table 6, it is observed that the total mixed ration silages associated with legume
plants presented the highest potentially degradable insoluble fraction in the rumen values
(B), and those values ranged from 63.24% to 65.51%, except for the TMRC, which had the
lowest potentially degradable insoluble fraction in the rumen at 55.81%.

For the in situ ruminal degradability parameters, it was observed that the TMRC
presented the highest soluble fraction at 39.67%. The lowest values of A were registered
for the TMRL and the TMRS, being 32.15 and 30.17%, respectively (Table 6). For the
degradation rate parameters (c) and the effective degradation (ED) of the DM, it was
observed that the TMRC stood out, presenting the highest (c) at 3.5%/h, as well as the
highest ED for the three evaluated flow rates (2%/h, 5%/h, and 8%/h).
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Table 5. Chemical composition of total mixed ration silages based on forage palm associated with
legume plants.

Diets
Variable (%) 5 1 ) 1 SEM 7 p-Value 8
TMRC! TMRG2? TMRL3® TMRS

Dry matter (%DM)®  3254a  2952b  3383a  322la 0.421 0.0003
Ash 5 7.66 7.29 6.85 6.50 0.125 0.0008
Ethereal extract ° 1.72b 242 a 2.09 a 284 a 0.125 0.0002
Crude protein ® 16.68 16.25 16.20 16.21 0.425 0.1526
NeUtr?iL‘iftserge“t 1977b  2156a  2499a  2274a 0531 0.0004
Acid detergent fiber 5 6.42 ¢ 10.71b 11.63 ab 12.07 a 0.519 <0.0001
Hemicellulose 13.35 10.85 13.36 10.67 0.415 0.0076
Total carbohydrates 74.55 73.39 74.80 74.44 0.494 0.7408
Non-fibrous 54.79 51.37 49.15 51.38 0.787 0.1482

carbohydrates
Total digestible 8568a  8430ab  8154b  8349b 0222 0.003
nutrients

TMRC ! = total mixed ration silage based on forage cactus and concentrate; TMRG 2 = total mixed ration silage
based on forage cactus and G. sepium; TMRL 3 = total mixed ration silage based on forage cactus and L. leucocephala;
TMRS # = total mixed ration silage based on forage cactus and S. obtusifolia; %DM ° = dry matter percentage;
%DM © = dry matter percentage; means followed by different letters on the rows differ from each other according
to Tukey’s test with p < 0.05; 7 standard mean error; 8 significant effect of the diets.

Table 6. In situ ruminal degradability parameters of the dry matter of the total mixed ration silage
based on forage cactus associated with legume plants.

Effective Degradation (%) 8

Diets A (%) 5 B (%) © ¢ (%/h) 7 R2
2%/h 5%/h 8%/h
TMRC ! 39.67 55.81 3.58 93.13 75.48 62.96 56.92
TMRG 2 3491 63.24 1.45 92.92 61.49 49.13 44.61
TMRL 3 32.15 63.33 1.18 89.62 55.65 44.24 40.29
TMRS 4 30.17 65.51 1.15 89.93 54.09 42.42 38.40

TMRC ! = total mixed ration silage based on forage cactus and concentrate; TMRG ? = total mixed ration silage
based on forage cactus and G. sepiunt; TMRL ® = total mixed ration silage based on forage cactus and L. leucocephala;
TMRS # = total mixed ration silage based on forage cactus and S. obtusifolia; soluble fraction (A) °; potentially
degradable soluble fraction in the rumen (B) ¢; degradation rate (c) 7; effective degradation (ED) 8; determination
coefficient (R?).

4. Discussion

All the evaluated silages presented pH values within the ideal pH range established
by McDonald et al. [26], although a slower reduction in the pH probably occurred when
compared with the corn silages, by the buffering effect exerted by the forage palm’s
mucilage as well as by the anions that are present in the legume plants. McDonald et al. [26]
mentioned that well-fermented silages present pH values ranging from 3.8 to 4.2, which
suggests that by the end of the fermentative process, there was the control of undesired
microorganisms such as Clostridium genus bacteria and enterobacteria, which grow under
high pH ranges, around 5.

The lowest soluble carbohydrate contents were observed for the total mixed ration
silages associated with legume plants. These low values might be attributed to the intense
consumption of this substrate by the homofermenting and heterofermenting LAB, since
the legume plants and the forage palm promoted the buffering of the medium.

The low ammonia content yield is consonant with the crude protein contents of the
total mixed ration silages, pointing towards the fact that there was no reduction in this
nutrient during fermentation. The low N-NH3 concentrations observed in this work
indicate that an intense proteolysis did not occur, since it is recommended that the N-NH3
contents in well-fermented silages do not exceed 10% of the total N [27]. This corroborates
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with the results reported by Santos et al. [10] when they evaluated the total mixed ration
silages based on forage palm and G. sepium. Despite the buffering exerted by the legume
plants, the ammonia production was reduced, suggesting that the preservation of the
protein value of the rations was preserved, according to Table 5.

When compared with the corn silage, the total mixed ration silages based on forage
palm with the addition of legume plants presented a good fermentative profile due to
the adequate dry matter content and the soluble carbohydrate content, which favored the
occurrence of lactic fermentation in the ensiled mass without a significant loss of ammonia.
It should be noted that despite the legume-containing silages being more susceptible to the
proteolysis occurrence, it was not observed in the present work.

The EL values obtained can be considered low and close to that cited by Rabelo
et al. [28] when evaluating corn silage, which was 35.43 kg/ton NM. It can be considered
that the losses by effluents were low, given that the dry matter contents of the total mixed
ration silages were above 30%; however, the presence of legume plants in the total mixed
ration silages promoted for a lesser lixiviation of humidity.

The EL values obtained in the present work were superior to the values observed by
Brito et al. [7], and that can be attributed to the low dry matter content of the forage palm
and the legume plants as well as the low quantity of mucilage in the mixture.

In the current study, dry matter recoveries (DMRs), with an average of 89%, were
obtained for the total mixed ration silages. An amount of recovered dry matter similar to
the result obtained in this study was reported by Carvalho et al. [29] when evaluating the
silages of G. sepium with three different residue heights (70, 90, and 110 cm), which obtained
a DMR index of 89.37% with the lowest residue height. In general, these fermentative
losses can be attributed to the occurrence of heterolactic fermentations in the ensiled mass.
The legume plants’” compositions might have been one of the preponderant factors for
the observation of heterofermentations, because the legume plants present anions and
orthophosphates that act in the buffering of the ensiled mass and in the reduction in the
velocity of the pH drop.

All the silages had a satisfactory acid lactic bacteria propagation. This microbial group
had growth conditions and dominium over the ensiled mass, which might have taken to
a higher production of lactic and acetic acids, corroborating with the low final pH values
observed. Santos et al. [10] reported that the silo’s environment is per se a limiting factor to
the growth of certain microorganisms, which could be explained as a function of condition
changes in the medium.

The populations of white mold that were observed in this work were, probably, origi-
nated from spores of filamentous fungi, since there was no oxygen during the fermentative
process and every silage presented an adequate compaction density, because the mucilage
in the forage palm helped in the aggregation of the concentrated ingredients and the parti-
cles of the legume plants, reducing the oxygen amount within the silo to a maximum [10].
The molds (filamentous fungi) grow better under aerobic conditions and act in a pH range
from 5 to 6. The ideal growth temperature of this microorganism is situated between 25
and 35 °C [26].

Given the absence of oxygen within the silo, the adequate compaction that was
promoted, and in the face of the findings from the literature [26], it can be deduced that the
counts observed in the present work were from the filamentous fungi spores in the total
mixed ration silages associated with legume plants. A similar fact was reported by Guim
et al. [30] and by Avila et al. [31], evaluating silages made of withered tropical grasses
with and without microbial inoculation. The authors affirmed that the counts performed
during the opening of the silos were from fungal spores. This shows that the total ration
silages based on forage palm associated with legume plants present low counts of this
microorganism, which does not affect the nutritional quality of the silages; when the mold
count exceeds 6 log CFU/g FM, the dry matter losses might reach 40% [32].

The absence of yeasts observed in this work is possibly related to the high production
of acetic acid as a consequence of the heterofermentative process, in which the acetic acid
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has an anti-fungi effect and might have controlled the yeast growth [33]. The presence
of this microorganism in the TMRG might be related with the lower dry matter content
observed in this treatment (Table 5), since yeasts are microorganisms that present good
development under these conditions. In general, yeast is the starter of the silage’s aerobic
degradation, and act by consuming soluble carbohydrates and organic acids, increasing
the pH and the silage’s temperature [34].

The metabolic activity of the filamentous fungi possibly promoted the temperature
rises for the TMRL and the TMRS, which presented the lowest aerobic stabilities observed
in the present work.

Maximum temperatures that are superior to the temperatures observed in this work
were cited by Silva Brito et al. [7], who evaluated mixed silage based on forage palm
with different levels of G. sepium addition (0, 25, 50, 75, and 100%). The authors reported
maximum temperatures ranging from 32.77 to 27.07 °C, in which the highest temperature
was observed for the treatment without the legume plant. In a certain way, the maximum
temperatures described by Silva Brito et al. [7] were higher than the temperatures observed
in the present work, but it was verified that in both works, the silages that contained the
G. sepium legume did not present a temperature increase, which is a fact that might be
intimately related to the acetic acid concentration that controlled the growth of silage-
degrading microorganisms.

In the present work, the TMRL and the TMRS presented the highest elapsed times to
reach the maximum temperatures, 115.10 and 110.70 h, and those were the treatments in
which a higher mold count was also observed. Therefore, it can be affirmed that the slower
temperature rise is due to the presence of filamentous fungi, which are microorganisms with
a slow development and dominium compared to yeast [33]. For the TMRC and the TMRG,
the lowest elapsed times to reach the maximum temperature were registered, which were
26.84 °C and 26.58 °C, respectively. It is worth pointing out that the observed temperatures
are below the temperature range that indicates the break of the aerobic stability of the
silages, which occurs from 27 °C onward.

The highest aerobic stabilities seen in this work could be attributed to the absence of
yeast in the TMRC treatment, as well as the control of the yeast population in the TMRG
during the exposure to oxygen. Since the TMRL and the TMRS were sporulated with
filamentous fungi, it can be presumed that this microorganism’s spores were activated
when it came in touch with the oxygen. From then on, there was a growth and beginning
of metabolic activities, resulting in a rise in the silage mass’s temperature and, because of
that, those total ration silages presented the lowest observed aerobic stabilities.

The forage cactus, when included in total ration diets, fulfilled its function of triggering
lactic and acetic fermentation, which reflects a better fermentative pattern in the same way
that the acetic acid, which was also produced during the fermentative process, fulfilled an
important role by guaranteeing aerobic stability in the silages [10]. The dry matter contents
observed in the present work are within the ideal range for the occurrence of an adequate
fermentation, from 30 to 35%, as reported by McDonald et al. [26], except for the TMRG,
which presented the lowest dry matter content, which is a fact that could be attributed to a
possible heterolactic fermentation that resulted in dry matter loss.

The EE values of the total mixed ration silages are considered to be low; however, this
did not prevent the lactic acid bacteria from acting inside the silo, fermenting, and acidifying
the medium. This result indicates that fermentations, predominantly lactic fermentation,
occurred, which allowed for the control of proteolytic microorganisms during fermentation.
This result might be related with the low N-NH3 content of the silages. Santos et al. [10]
worked with total mixed ration silage based on forage palm and G. sepium and observed
that the lactic fermentation was predominant, with no proteolysis. This response pattern
was similar to the pattern obtained in the present work, in which the total ration silages
were also associated with legume plants.

In general, the total ration silages based on forage palm, isolate forage palm, and
mixed silages of forage palm and G. sepium present positive responses regarding the control
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of undesired fermentations, with low ammoniac nitrogen concentrations, which allows for
the maintenance of the crude protein content of the silages [7]. The crude protein contents
obtained for the total mixed ration silages associated with legume plants were around
16%; therefore, the ration silages meet the nutritional demands of sheep, which includes
approximately 11% of crude protein in order to promote diary gains of 200 g [11].

Since the total ration silages were made of forage palm and different legume plants
in different proportions, it is convenient to conclude that the forages that were used had
differentiated chemical compositions, so a dilution of the fiber possibly occurred (NDF,
ADF, and HEM); therefore, a reduction in the levels of fibrous components in silages is
expected. Mokoboki et al. [35], who worked with silage based on forage palm containing
different molasses levels (0, 8, 16, and 24% on a dry matter basis), observed that the ADF
contents of the silages reduced as the molasses level increased.

The NFC contents of the ration silages were superior to the contents obtained during
the ensilage, which demonstrates that a higher solubilization of fibrous components oc-
curred during fermentation, and with it, a higher liberation of sugars, starch, and pectin
also occurred. The non-fibrous carbohydrates presented degradation rates that ranged
from high to medium. These fractions are readily fermented in the rumen [36]. In the
present work, the total mixed ration silages presented high NFC contents. These values
were superior to the values recommended by the NRC [22], in which the NFC contents in
rations for ruminants must be at a maximum of 44%.

The total mixed ration silages presented adequate TDN contents, so it meets the
nutritional demands of sheep with a 20 kg live weight, in which the energetic demands
are 66% TDN for 200 g diary gain [11]. It is worth mentioning that the total ration silages
obtained meet the protein and energy demands of sheep according to the NRC [11]. In
the face of the observed reports from the literature, it can be concluded that the ration
silages based on forage palm and legume plants can be used as sheep feed, since the lowest
NDF contents obtained would not be a limiting factor to the silage’s usage. Therefore, it
be-comes relevant to propose that performance assays with animals should be conducted
in order to test the total ration silages obtained.

The soluble fraction (A) of the TMRC was high and is in accordance with the composi-
tion of that treatment, which presented a higher proportion of concentrate ingredients in
comparison to the other total ration silages (Table 1), which, in a certain way, resulted in a
higher observed NFC content. In turn, this fraction was rapidly fermented in the rumen
and was readily used.

The A fraction obtained was 38.28% for the total ration silage based on forage palm
with 0% Bulffel grass addition. It is worth mentioning that, despite the total ration silages
being made of forage palm, both presented distinct concentrated ingredients (wheat bran)
that were added to the ensilages in different proportions. The higher proportion of con-
centrated ingredients and the high NFC content possibly contributed to the higher soluble
fraction observed in the present work. Therefore, this result is a reflex of the composition
of the total ration silages that were associated with the legume plants, which presented the
highest NDF contents and reduced NFC contents when compared to the TMRC (Table 5).

The total ration silages associated with legume plants presented a higher usage po-
tential of the fibrous fraction by the ruminal microbiota, since for these silages, the highest
fibrous carbohydrate contents were observed. The literature reports that fiber degradation
could be affected by the protein level in the diet; however, it was noticed that all of the
total ration silages presented good crude protein levels, which shows that the protein levels
probably did not limit the activity of fibrous-component-degrading microorganisms.

The total ration silages associated with legume plants showed the lowest degradation
rates (c), which ranged from 1.15%/h to 1.45%/h, and also showed the lowest effective
degradation (ED) of dry matter. It can be concluded that the TMRC presented a higher
concentration of NFC in its composition, and the NDF and ADF contents were relatively
low when compared with the silages that were associated with legume plants. The lowest
degradation rates and ED were observed for the total ration silages associated with legume
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plants. This could be attributed to the higher fiber content of those silages, since the
microorganisms that use the cell wall components, such as hemicellulose and cellulose,
ferment more slowly than the ruminal microorganisms that use NFC.

In the face of the results obtained in this work, it can be concluded that the total ration
silages based on forage palm associated with legume plants exhibited a predominantly
heterolactic fermentative pattern, in which low N-NH3 productions were registered. The
final pH remained within the adequate range (4.2 to 4.4). The total ration silages presented
high TDN contents. The TMRG and TMRC followed by the TMRS presented the highest
aerobic stabilities at 119.70, 118.90, and 92.13 h, respectively.

5. Conclusions

The legume plants (G. sepium and S. obtusifolia), when ensiled along with the forage
palm in the form of total ration, gave origin to aerobically stable silages, with an adequate
profile that is fermentative, microbiological, and nutritional. The ration silages that were
obtained could be used as animal feed because they meet the nutritional demands of sheep.
It becomes convenient to propose that animal performance assays should be conducted to
test the total mixed ration silages associated with legume plants, with the aim of evaluating
the forms of usage and its contribution to the improvement in sheep performance, within
the conditions and the reality of the farms.
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