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Abstract

Secondary metabolites are important organic metabolites produced by plants. These metabolites include phenolic
compounds, which have been of research interest because phenolics are considered an antinutritional factor for
ruminants, compromise the bioavailability of nutrients. This study included a chemical composition analysis, an
analysis of the condensed tannin content and the identification and quantification of the phenolic compounds
present in the following plants cultivated with and without fertilisation: Coastcross-1 grass (G) and the legumes
Stylosanthes guianensis cv. Mineirdo (MS), Stylosanthes capitata % Stylosanthes macrocephala cv. Campo Grande
(CGS), Arachis pintoi cv. Amarillo (AA) and Arachis pintoi cv. Belmonte (AB). High-performance liquid
chromatography (HPLC) was used to analyse 13 phenolic compounds. The forage with the best nutritive value was
Amarillo pinto peanut. The condensed tannin content was higher in the legumes than that in the grass. Vanillin and
o-coumaric, m-coumaric, caffeic and ferulic acid were detected in all the cultivars. The cultivar with the largest
variety of phenolic compounds was Coastcross-1 grass. Diversity existed in the occurrence of phenolic compounds,
which indicated the presence of condensed tannins in the cultivars and possibly that the diversity does not affect
the concentration of these compounds. The AA cultivar was the most interesting alternative for the establishment
of pasture intercropped with Coastcross-1 grass.

Keywords: Arachis pintoi, Coastcross-1, HPLC, phenolic content, Stylosanthes guianensis, Tannins
1. Introduction

Plants produce a considerable quantity of organic metabolites; these substances are divided into primary
metabolites, with structural, plastic and energy storage functions, and secondary metabolites, whose function is to
defend against herbivores and pathogens, to attract pollinators and to act as agents of competition between plants
and of symbiosis between plants and microorganisms. Secondary compounds can also be used as antimicrobials in
cosmetics, food and agrochemicals (Thorat, 2018).

Secondary metabolites include phenolic compounds (flavonoids, lignins and tannins), terpenes (essential oils,
saponins, carotenes and xanthophylls) and alkaloids (caffeine) and may vary in quantity according to species,
physiological stage and edaphic and climatic conditions. These compounds are of scientific interest due to their
antioxidant, physiological and nutritional properties (Thorat, 2018).

The phenolic secondary metabolites are known as antinutritional factors because of their direct relationship with
intake restriction and forage digestion and their influence on animal acceptability and animal performance. The
phenolic compounds compose the phenol group and contain an aromatic ring bonded to a functional hydroxyl
group; the most important phenolic compounds are lignin and tannin (Edvan & Bezerra, 2018).
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Lignin is a polymer whose function is to provide plant tissues with rigidity, impermeability and resistance to
microbiological and mechanical attacks. Lignin is important to consider when establishing pastures because this
polymer is the chemical component of fibre that is most frequently linked to nutrient indigestibility. Lignin has
been used to predict the nutritive value of forage plants. Generally, lignin contains three types of aromatic alcohol
subunits: coniferyl alcohol, which is predominant in tree species, and sinapyl alcohol and p-coumaryl alcohol,
which are predominant in grasses and legumes (Figueiredo et al., 2019).

Tannins are high-molecular-weight (500 to 3000 Da) polyphenol complexes that differ from other polyphenols in
their ability to precipitate proteins, metal ions, amino acids and polysaccharides. The tannins are divided into
hydrolysable tannins, which produce carbohydrates and phenolic acids after hydrolysis, and condensed tannins,
which are resistant to hydrolysis. Their amount varies with the plant species but can also vary within the same
species. According to their concentration in forage, tannins may have beneficial effects on animal metabolism,
such as an increase in amino acid uptake and a reduction in the intestinal parasite population and may produce an
increase in microbial protein synthesis and a reduction in ruminal methane production (Naumann et al., 2017).

Knowing the phenolic profile of dietary roughage may help the formulation of diets that improve feed utilisation
by ruminants. However, many researchers do not include the evaluation of phenolic compounds in their work; as a
result, little is known regarding the nature of these compounds in tropical forages.

In this context, the objective of the present study was to determine the nutritive value of forage plants in the
Cynodon, Arachis and Stylosanthes genera and to identify and quantify their phenolic compounds in three harvest
seasons, with monocropping or intercropping and with or without fertilisers.

2. Materials and Methods
2.1 Reagents

Ultrapure water purified with the Millipore Milli-Q system (Milli-Q® Corporation, Bedford, USA) (p = 18.2 MQ)
was used at room temperature. Acetic acid and high-performance liquid chromatography (HPLC) grade methanol
(Merck, Darmstadt, Germany) were used to prepare the mobile phase. HPLC grade caffeic, p-coumaric, gallic,
ellagic and ferulic phenolic acids; catechin, epicatechin, gallocatechin and epigallocatechin gallate tannins; and
quercetin and vanillin flavonoids were purchased from Sigma-Aldrich (St. Louis, MO, USA). m-Coumaric and
o-coumaric acids were purchased from Fluka (St. Louis, MO, USA). Stock solutions were prepared in dimethyl
sulfoxide and/or methanol (Merck).

2.2 Implementation of the Experiment and Data Collection

The experiment was implemented on the “Sitio Cata Vento” farm, located in Itutinga, MG, Brazil, under an
intercropping system that predicted 30% legumes in the total forage produced. The following forages were used in
the experiment: Coastcross-1 grass (Cynodon nlemfuensis Vanderyst x Cynodon dactylon L. Pers.) and the
legumes Mineirdo stylo (Stylosanthes guianensis (Aubl.) cv. Mineirdo), Campo Grande stylo (Stylosanthes
capitata x Stylosanthes macrocephala cv. Campo Grande) and pinto peanut (Arachis pintoi Krapov. & WC Greg.)
of the Belmonte and Amarillo cultivars.

Samples of Coastcross-1 grass (G) grown as a monocrop and intercropped with Mineirdo stylo (G+MS), Campo
Grande stylo (G+CGS) or pinto peanut of the Belmonte (G+AB) and Amarillo (G+AA) cultivars were evaluated.

One month prior to planting the monocrop, the soil phosphorus (P) content was corrected by applying a 54 kg ha'
dose of phosphorus pentoxide (P,Os) in the form of superphosphate to the planting furrows, which were spaced 0.4
m apart. The forages were cultivated in 17.5 m” lots, in which planting lines were spaced 0.7 m apart. At planting,
in the treatments with fertilisation, 20 kg of nitrogen (N), 70 kg of P,Os and 40 kg of potassium oxide (K,O) were
applied per hectare by means of the 8-28-16 + Zn formulation, to meet the nutritional requirements and not limit
the introduction of legumes. Three harvest periods occurred (January, April and December), with the plants being
cut close to the ground when their height reached 30 cm.

2.3 Chemical Composition Analyses

The samples collected in the three harvests were placed in paper bags, duly identified, sent to the Animal Research
Laboratory of the Department of Animal Science (UFLA) and dried in a forced-air oven at 65°C until they reached
constant weight. Subsequently, the samples were ground in Wiley mills with a 1 mm sieve and stored in plastic
containers.

The dry matter (DM) and crude protein (CP) contents were determined according to AOAC (2005), calcium (Ca)
and P were determined following the methodology proposed by Malavolta (1989), and neutral detergent fibre
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(NDF) and acid detergent fibre (ADF) were determined by the fibre partitioning method (Van Soest, Robertson &
Lewis, 1991).

2.4 Determination of Condensed Tannins

The content of condensed tannins was determined by the vanillin method (Agostini-Costa, A. Lima & M. V. Lima,
2003). Tannin extraction was performed with 1.0 g of forage in 10.0 mL of 70% acetone. This mixture was
vortexed for 3 min, left standing for 1 hour and then vortexed again. This process was repeated twice. Subsequently,
the extract was centrifuged for 15 min and filtered on glass wool before its absorbance was read at a wavelength of
500 nm based on a vanillin standard curve.

2.5 Determination of Phenolic Compounds

The lignin content (LIG) was determined in the Plant Research Laboratory, Department of Food Engineering
(UFLA) by ADF analysis using the method described by Van Soest (1994).

Extractions of phenolic acids, tannins and flavonoids from forage plants were performed according to the modified
version of Terril et al. (1990), in which 1.0 g of dried and milled sample was transferred to threaded centrifuge
tubes, to which 10 mL of acetone/water solution (70/30 v/v) was added. The samples were shaken in a Certomat
MO II orbital shaker (Schwarzenberg, Germany) at 100 rpm for 30 min at room temperature. Then, the samples
were centrifuged for 15 min at 4500 rpm, and the supernatant was filtered through glass wool and washed with
approximately 10.0 mL of petroleum ether, to remove the fats. The extract was placed in glass containers wrapped
in foil and stored at 4 °C to avoid the degradation of phenolic compounds.

For the HPLC analysis, a Shimadzu LC20-AD (Kyoto, Japan) equipped with a binary high-pressure pump
(LC-20AD model), an automatic injector with autosampler (SIL-M20A model), an oven (CTO-20AC model) and a
diode array detector (DAD, SPD-M20A model) was used. The detection was performed at a wavelength of 280 nm.
Samples and standards were injected into a Shimadzu Shim-pack C18 column (250 X 4.6 mm, 5 um), connected to
a Shimadzu pre-column (5.0 cm x 4.0 mm, 5 um). The mobile phase was composed of the following solutions: 2%
acetic acid (A) and methanol/water/acetic acid (65/33/2 v/v/v) (B). The analyses were performed for a total time of
60 min at a temperature of 15 °C in a gradient system. Separation was performed using the following elution
gradient: 100% solvent A for 25 min, 60% solvent A for 18 min, 55% solvent A for 7 min and 0% solvent A for 10
min. At the end of the run, solvent A was increased to 100% to equilibrate the column. The flow used in all the
analyses was 1.25 mL min™', and the injection volume was 20 pL. All the standard solutions and samples were
filtered on Millipore membranes (0.45 um).

The identification of the phenolic compounds present in the plant extracts was established by comparison with the
retention times of standard phenolic compounds, and their quantification was performed via the limits of detection
(LODs) (3:1 signal to noise ratio) (Ribani et al., 2004; Aquino et al., 2006). Standard stock solutions were diluted
in the concentration range of 0.05 to 42.48 mg L™, and analytical curves were constructed by plotting the mean (n
= 3) detector response (peak area) as a function of the concentration of the phenolic compounds. The regularity of
the data set was determined by the standard deviation.

The accuracy of the method was evaluated by determining the reproducibility, which involved three consecutive
injections of the standard for each compound via the same method performed under similar conditions within a
short interval (Ribani et al., 2004). The recovery of each phenolic constituent was estimated by adding a known
concentration of standard to a forage sample and determining the increase in concentration according to the
increase in peak area.

The method was validated based on the parameters of linearity, precision (repeatability), accuracy (recovery),
LODs and quantification and selectivity (IUPAC, 1997).

2.6 Statistical Design

A randomised block design with three replications was used. The treatments were arranged in a split-plot scheme,
and draws were used to determine the fertilisation (absence and presence) of each plot, the forages of the subplots
and the harvests (1%, 2™ and 3™) of the sub-subplots. Statistical analyses were performed using the SAS (Statistical
Analysis System, version 9.2) programme.

3. Results and Discussion
3.1 Nutritive Value

An important parameter used in forage evaluation is DM. Chemical changes and tissue degradation during storage
are avoided by drying the plant material. DM is also important when estimating the quantity of nutrients that
animals consume (Soeste, 2018). In the present study, the results for the DM analysis of G were not significantly
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different (p > 0.05) among the harvests or because of fertilisation. The intercropping also did not increase the DM
content of the grasses, demonstrating that the legume did not interfere with grass development during the
experiment.

The legumes showed an increase in DM content from the second to the third harvest. The CGS cultivar showed the
highest DM content (46.88%) in relation to the others. These results relate to the physiological maturation of the
forages.

The Ca and P contents for G monocropped and grown in G+MS, G+CGS, G+AB and G+AA intercrops are
presented in Table 1.

Table 1. Mean values of P and Ca contents, corrected for 100% DM, of G monocropped and intercropped with
legumes

Values of P (%) Values of Ca (%)
Grass 1* harvest 2" harvest 3" harvest o o u
- 1% harvest 2" harvest 3" harvest
Al NAS® A NA A NA
G* 0.13bc A 0.10bcA 0.15abA  0.12abc B 011bA  0.10baA 0.35a 0.50a 0.33a
G+CGS® 0.14abc A 0.09bcB 0.15abA  0.10c B 0.10bA  0.08bA 0.36a 0.60a 0.36a
G+ MS°® 0.17abcA  0.10bcB 0.17abA  0.10c B 0.10bA  0.09bA 0.41a 0.53a 0.31a
G+AB! 0.12c A 0.11bcA 0.14bA  0.11bcB 0.10bA  0.08bA 0.34a 0.48a 0.27a
G+AA° 0.15abc A 0.09bcB 0.16aA  0.13abcA 0.10bA  0.08bA 0.32b 0.82a 0.32b

Note. G* = monocropped grass, G + CGS® = grass intercropped with Campo Grande stylo, G + MS® = grass
intercropped with Mineirdo stylo, G + AB® = grass intercropped with Belmonte pinto peanut, G + AA® = grass
intercropped with Amarillo pinto peanut, A" = fertilised cultivar, and NA® = non-fertilised cultivar. Means
followed by the same lowercase letter do not differ at the 5% probability level according to the Tukey test, which
compares the forages among the first, second and third harvests. Means followed by the same capital letter do not
differ at the 5% probability level according to the Tukey test, which compares the fertilisations within each harvest.

The P contents ranged from 0.08 to 0.17%, with the P requirement ranging from 0.12 to 0.15% depending on the
weight gain for cattle. For the fertilised species, no significant difference in the P content occurred among the
harvests (Table 1). This observation may indicate that the supply of P to cattle occurs constantly throughout the
year. In addition, no significant difference in the P content existed between the monocropped and intercropped
grass of the same harvest. However, the concentrations of P did vary among the harvests and the intercrop
treatments when analysing the non-fertilised species. The use of legumes (green fertilisers) in the system improves
the soil quality due to faster nutrient cycling, thereby favouring utilisation by the intercropped plants. Especially
favoured is the utilisation of elements with leaching potential, such as N and exchangeable cations, or those that
can be retained with relative ease, such as P in weathered soils. In addition, the presence of atmospheric N-fixing
bacteria and mycorrhizal fungal hyphae interacts with the soil to improve nutrient availability and uptake by
forages (Klabil et al., 2015). In the first and second harvests, a significant difference (p < 0.05) existed with
respect to fertilisation, indicating that the fertilisation affected nutrient availability to the plant.

The Ca content ranged from 0.27 to 0.82%, with the Ca requirement ranging from 0.19 to 0.27% depending on the
weight gain for cattle. The Ca content analysis of the cultivars indicated no significant effect (p < 0.05) among the
harvest seasons and levels between the monocropped and intercropped grasses (Table 1), with no statistically
significant effect of fertilisation.

Table 2 shows the P and Ca contents of the leguminous plants intercropped with the grass.
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Table 2. Mean values of P and Ca contents, corrected for 100% DM, of legumes intercropped with grass

Values of P (%) Values of Ca (%)
Leguminous 1% harvest 2™ harvest 3™ harvest . | d
- 1" harvest 2" harvest 3" harvest
A° NA A NA A NA
CGS? 0.14bcA 0.07cB 0.13bA 0.16aA 0.10bA  0.10bA 1.28ab 1.53a 1.17b
MS® 0.16abcA  0.12bcB 0.18abA  0.12abcB 0.10bA  0.10bA 1.46ab 1.57a 1.24b
AB°® 0.18abA 0.14abA 0.16abA  0.14abcA 0.13bA  0.10bB 1.25b 1.61a 1.22b
AAY 0.20aA 0.19aA 0.20aA 0.16abB 0.20aA  0.20aA 2.10a 1.80a 1.78a

Note. CGS* = Campo Grande stylo, MS® = Mineiréo stylo, AB® = Belmonte pinto peanut, AA* = Amarillo pinto
peanut, A® = fertilised cultivar, and NA" = non-fertilised cultivar. Means followed by the same lowercase letter do
not differ at the 5% probability level according to the Tukey test, which compares the forages among the first,
second and third harvests. Means followed by the same capital letter do not differ at the 5% probability level
according to the Tukey test, which compares the fertilisations in each harvest.

No significant differences (p > 0.05) were observed in the P content between the legume harvests (Table 2). The
cultivar with the highest P content was AA. Fertilisation had an effect (p < 0.05) on the P content, and the fertilised
forages (p < 0.05) had a higher P content than that of the non-fertilised ones.

No significant effect (p < 0.05) of fertilisation on the Ca content was detected, and Table 2 shows the overall mean
and the interaction between the harvests.

In general, the harvest time influenced (p < 0.05) the Ca content of the legumes (Table 2).

When evaluating the A. pintoi yield established under different plant population arrangements in planosol,
Machado et al. (2005) found average levels for P and K of 0.26 and 1.39%, respectively.

The CP contents of grass in the G monocrop and in the G+MS, G+CGS, G+AB and G+AA intercrops are shown in
Table 3.

Table 3. Mean CP content, corrected for 100% DM, of monocropped grass and grass intercropped with legumes

Values of CP (%)

Grass 1** harvest 2" harvest 3 harvest

A NA A NA A NA
G* 4.85¢cB 6.23cdeA 4.63cA 4.68bA 5.42cA 5.57cA
G +CGSP 5.20cA 4.48eA 5.33cA 5.02bA 5.90cA 5.48cA
G+ MS°© 5.46¢cB 7.93abcA 4.69cA 4.80bA 5.83cA 5.74cA
G +AB¢ 4.40cA 4.30eA 4.34cA 4.68cA 5.90cA 5.14cA
G+AA° 4.73cA 5.36deA 4.66cA 4.68cA 5.90cA 5.64cA

Note. See caption Table 1.

No significant difference in CP content occurred between mono- and intercropped G, possibly indicating that the
legume presence did not affect the CP content of the grass. Furthermore, in most cases, no significant difference
occurred between the fertilised and non-fertilised grasses, indicating that fertilisation does not affect the CP
concentration (Table 3).

The CP levels were between 4.30 and 7.93%. These values are below those observed in the literature (Aguirre et al.,
2016; Olivo et al., 2016). The CP content of plants may be affected by factors such as soil fertilisation and liming.
Insufficient P and K also lead to a reduction in N and to less N transformation into protein. A direct association
exists between P and protein, with a deficiency in one aggravating a deficiency in the other.

Table 4 shows the CP values for the leguminous plants intercropped with the grass.
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Table 4. Mean values of CP, corrected for 100% DM, in legumes intercropped with grass

Values of CP (%)
Leguminous 1* harvest 2" harvest 3" harvest
A’ NA® A NA A NA
CGSs* 8.30bA 7.12bcdA 9.46bA 8.71aA 9.70bA 10.05bA
MSP 10.34abA 8.87abA 12.12aA 10.65aA 9.11bA 10.35bA
AB° 8.58bA 8.20abcA 10.17abA 10.43aA 14.66aA 12.73aB
AAY 11.90aA 9.96aB 11.60abA 10.65aA 13.04aA 14.26aA

Note. See caption Table 2.

For the legumes, an increase generally occurred in the CP content as the plant aged, but the increase was not
statistically significant. The AA cultivar showed the highest CP content. No effect (p > 0.05) of fertilisation on the
CP content of the evaluated legumes was detected.

Protein-rich forages provide relatively nutritious diets and an increased carrying capacity of pasture and weight
gain per hectare. The CP content of legumes exceeds that found in grasses. Thus, the intercropping of grass and
legumes has been used to increase the productivity, profitability and sustainability of the cattle production system
(Gulwa, Mgujulwa, & Beyene, 2018). When analysing the chemical composition of ten varieties of S. guianensis,
Lietal. (2014) found an average CP content of 10.5%, a result similar to that found in the present study (Table 4).
The limiting CP content for the adequate activity of rumen microorganisms is 7%, a value surpassed by all the
legumes studied.

3.2 Fibre and Lignin Content

The analyses were performed for mono- and intercropped G (Table 5). The results of the legume analyses for
theintercropped cultivars are shown in Table 6.

Table 5. NDF, ADF and lignin (%) contents of mono- and intercropped grass

Grass Values of NDF Values of ADF Values of lignin (%)

1* harvest 2™ harvest 3™ harvest 1 harvest 2™ harvest 3" harvest 1" harvest 2" harvest 3™ harvest
G* 50.06a 49.93a 50.50a 37.85b 41.89a 42.77a 10.56a 10.65a 11.97a
G+CGS®  42.86b 47.08ab 53.72a 38.94a 42.39a 42.37a 11.19a 10.24a 10.93a
G+ MS° 34.30b 46.24a 51.39a 42.40a 42.82a 43.20a 10.60a 10.33a 12.32a
G +AB¢ 44.92a 49.52a 47.22a 36.86b 41.45a 41.08a 11.14a 9.92a 11.28a
G +AA° 47.45a 42.96a 50.53a 37.44b 41.63a 42.25a 12.25a 10.27a 12.28a

Note. Means followed by the same letter do not differ at the 5% probability level according to the Tukey test, which
compares the forages among the harvests.

Table 6. NDF, ADF and lignin (%) contents of leguminous plants intercropped with Coastcross grass.

. Values of NDF Values of ADF Values of lignin (%)
Leguminous St nd rd St nd rd ot nd wd
1* harvest 2" harvest 3™ harvest 1% harvest 2" harvest 3™ harvest 1% harvest 2" harvest 3™ harvest
CGS* 40.86b 37.71b 62.18a 40.80b 44.27b 47.92a 11.85a 11.37a 11.31a
MS® 29.99b 37.08b 62.63a 39.91b 41.29b 4591a 13.81a 12.89a 15.17a
AB° 34.84b 29.22b 66.90a 38.15a 37.86a 40.45a 13.94a 12.51a 14.12a
AA* 37.47b 37.02b 65.47a 30.64b 36.09a 37.59a 12.26b 13.33b 16.96a

Note. See caption Table 5.

The NDF content was higher in grasses compared to legumes in the first and second harvests. An increase occurred
over the course of the harvesting periods for mono- and intercropped G. The grass showed no difference from the
intercropped plant within harvests, possibly indicating that the presence of the legume does not affect the
production of structural carbohydrates. Statistically, the effect of fertilisation was insignificant.

An effect (p < 0.05) of harvest time on the NDF content of the legumes was detected, and this content increased
over time (harvests). The forage with the lowest NDF content was AA. No effect (p > 0.05) of fertilisation was
observed on the evaluated parameters.
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The literature shows that factors such as species, climate (water, light and temperature), soil fertility, maturity,
harvest and animal management can affect the chemical composition and, consequently, the energy content of food.
In addition, the availability of old forage for grazing can increase dry mass yield but decrease the chemical quality
by increasing the proportion of cell wall (cellulose, hemicellulose and lignin) relative to content (Elgersma &
Seegaard, 2018).

The consumption of diets with a high NDF content implies lower levels of net energy for cattle and a slow rate
of degradation and passage, which limits intake due to rumen filling. Diets with a high NDF content decrease the
efficiency of rumination and mastication because of the difficulty in reducing the particle size of fibre-rich
materials, thereby reducing food intake (Owens & Basalan, 2016). The NDF values were 73.02% for G and
54.03% for AA. These values are close to those found by Paris et al. (2008), 74.6% for G and 52.8% A. pintoi,
when studying the NDF, in different strata of intercropped pastures, with and without N fertilisation. The
findings of the present study show the A. pintoi legume to be a good food source for cattle.

A significant effect (p < 0.05) of harvest time existed for monocropped G and G intercropped with AB and AA
(Table 5), with an increase in the ADF content as the plant aged. The ADF content in the intercropped grass did not
differ from that of the monocropped grass (p > 0.05), possibly indicating that the intercropping did not affect fibre
production. Statistically, the effect of fertilisation was insignificant.

A significant effect (p < 0.05) of harvest time did exist for the ADF content of legumes, with an increase in ADF
content for the CGS, MS and AA legumes. The effect of fertilisation was not statistically significant (p > 0.05).

The increase over the course of the harvests indicates a reduction of cellular content and an increase in fibre
content, causing a decrease in the nutritive value of forage plants (Bumb et al., 2016). The legume AB was the only
cultivar in this study that did not present a significant difference (p < 0.05) in the ADF content over the three
harvests.

In general, an increase in lignin content occurred with plant maturity for the mono- and intercropped G; however,
this effect was not statistically significant (Table 5). The lignin content of the intercropped grass did not differ
significantly from that of the monocropped grass (p > 0.05). The effect of fertilisation was not significant (p >
0.05).

Regarding the legumes, the harvest time influenced (p < 0.05) the lignin content of the AA legume. The legumes
had a higher lignin content than that found in the mono- and intercropped G.

Legumes have higher lignin contents than those of grasses due to the higher concentration of hemicellulose in
grasses. However, as lignin binds covalently to hemicellulose, its effect on digestibility may be more damaging in
grass than in legumes (Tian et al, 2019). The CGS legume showed the lowest lignin content in the present study
(Table 6). Costa et al. (2016) found a relatively high lignin content of 25.4 and 23.3%, respectively, for the
Mineirdo and Campo Grande cultivars of S. guianensis.

The fibrous constituents (NDF, ADF and lignin) strongly affect the quality of animal diet and correlate negatively
with digestibility because of their role in protecting the cellular contents and supporting the plant structures.
Therefore, these constituents increase with the age, making forage intake and digestibility increasingly difficult
(Tian et al., 2019).

3.3 Quantification of Condensed Tannins

The data related to the condensed tannin content of G (mono- and intercropped) and the legumes for the three
harvests are recorded in Table 7.
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Table 7. Condensed tannin (ug mL™") content of monocropped grass and intercropped grass and legumes compared
among harvests, with and without fertilisation

Forages Fertilised Non Fertilised

1*" harvest 2" harvest 3 harvest 1* harvest 2" harvest 3" harvest
G 0.00016¢cB 0.00660abA 0.00695bcA 0.00636bA 0.00014aB 0.00690bA
G+ CGS 0.00020cC 0.00677abA 0.00706bA 0.00489cB 0.00028aB 0.00668bA
G+ MS 0.00043cB 0.00644bA 0.00666bcA 0.00015¢B 0.00037aC 0.00334dB
G+AB 0.00017cB 0.00657bA 0.00659bA 0.00019¢B 0.00015aB 0.00662bA
G +AA 0.00027cB 0.00755aA 0.00026eB 0.00021eB 0.00026aB 0.01004aA
CGS 0.00045¢cB 0.00347aA 0.00584cB 0.00382dA 0.00024aC 0.00694bA
MS 0.00928aA 0.00533cC 0.00663bcA 0.00834aB 0.00021aC 0.00351cdB
AB 0.00364bC 0.00513cdB 0.00308dB 0.00721bA 0.00041aC 0.00438cA
AA 0.00929aA 0.00436deC 0.00928aA 0.00712bB 0.00026aC 0.00369cdB

Note. Means followed by the same lowercase letter and capital letter do not differ at the 5% probability level
according to the Tukey test.

A significant effect (p < 0.05) of harvest season on the phenolic compounds occurred for the mono- and
intercropped grasses and for both the fertilised and non-fertilised legumes (Table 7). In general, the content of
condensed tannin increased for the mono- and intercropped G but did not differ among the legumes (p > 0.05).
Among the legumes, the condensed tannins increased from the first to the third harvest for the CGS cultivar. The
MS, AB and AA cultivars showed a decrease, whereas the AB cultivar showed an increase in the second harvest
and a decrease in the third. The fertilisation treatment affected most of the species (p < 0.05) and was noticeable in
comparisons of the condensed tannin concentrations between the first and the second harvests. Although all the
values (fertilised or not) showed statistically significant differences, a greater concentration increase occurred for
the fertilised species.

Phenolic compounds have antioxidant capacity and can therefore play a significant role in reducing the risk of
cardiovascular diseases and some cancers. However, in diets for monogastric animal species, tannins may reduce
the digestibility of proteins, carbohydrates and minerals; decrease the activity of digestive enzymes; and damage
the mucosa of the digestive system (Thakur, Sharma, & Thakur, 2019). Condensed tannins are considered
antinutritional when they occur in DM concentrations above 5 x 107 pg kg™, at this concentration, these tannins
reduce forage palatability and, consequently, DM intake and digestibility (Saminathan et al., 2015).

The legumes had higher levels of condensed tannins, and the association of cattle with grass increases this content
in their diet, which may have an undesirable effect on palatability and forage digestibility. However, depending on
the nature and concentration of these tannins in the forage, some advantages can be obtained, especially with
protein-rich diets. The use of species such as Leucaena, whose concentrations of condensed tannins are high, has
led to reduced methane emissions by cattle. In addition, legumes containing condensed tannins are termed
"non-tympanic" because of their reactivity in forming complexes with proteins, thereby preventing foaming in the
rumen and improving protein absorption in the small intestine (Chini et al., 2016).

3.4 Separation and Identification of Phenolic Compound Patterns by HPLC

The methodology for separating the phenolic components present in the samples was optimised and validated by
obtaining the retention time, retention factor (k'), resolution, limits of quantification (LOQs), LODs, interval of
linearity and coefficient of determination for each of the standard compounds (Table 8).
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Table 8. Chromatographic parameters of the phenolic standards analysed using the developed HPLC system

N Retention  Retention . LOD LOQ Linearity range . ) ) Coefficient of
Analyte (peak number) . . Resolution 1 4 1 Linear regression equation L.
time (min) factor k' (mgL”’) (mgL’) (mgL") determination
Gallic acid (1) 13.72 7.81 0.10 0.30 0.27-9.27 y =-5898.66 + 27102.64x 0.9995
Gallocatechin (2) 18.87 10.9 6.02 0.80 2.30 1.53-39.47 y =-2388.24 + 8732.46x 0.9990
Epigallocatechin gallate (3) 25.23 11.7 10.2 0.18 0.80 0.64-24.29 y=2202.21 +3289.93x 0.9992
Catechin (4) 25.71 12.9 1.20 0.09 0.17 0.46-15.52 y =-4846.18 +29944.23x 0.9995
Epicatechin (5) 29.52 13.9 7.36 0.09 0.70 0.46-37.03 y =19924.68 +23638.63x 0.9997
Caffeic acid (6) 30.48 153 1.80 0.05 0.84 0.48-28.83 y =-65593.05 + 149762.57x 0.9995
Vanillin (7) 31.68 16.5 1.99 0.02 0.07 0.05-11.3 y =-703.36 + 254010.86x 0.9994
p-Coumaric acid (8) 34.44 16.8 2.79 0.05 0.54 0.26-26.92 y =-12019.34 + 71995.03x 0.9998
Ferulic acid (9) 34.66 17.2 0.20 0.02 0.08 0.05-16.17 y =-40744.15 + 219048.45x 0.9991
m-Coumaric acid (10) 36.65 17.5 1.29 0.02 0.15 0.08-18.82 y =-139606.67 + 415600.59x  0.9991
o-Coumaric acid (11) 38.99 18.3 3.13 0.02 0.17 0.07-13.67 y =22484.41 +224614.45x 0.9994
Ellagic acid (12) 40.10 18.7 1.33 0.27 0.54 0.48-25.98 y =-29225.81 +36559.71x 0.9994
Quercetin (13) 50.04 19.2 8.86 0.20 0.80 0.40-42.48 y =40450.13 + 16281.02x 0.9991

The LODs and LOQs of the phenolic standards ranged from 0.02 to 0.8 mg L' and 0.07 to 2.30 mg L™,
respectively. Calibration curves constructed between 0.05 and 42.48 mg L' showed strong linear correlations
between the concentration and the peak area, with coefficient of determination > 0.999 for all the phenolic
standards. The accuracy of the analytical method, as determined by the three consecutive measurements of the
standard compounds, showed mean standard deviations ranging from 0.001 to 6.83%. These data indicate an
acceptable accuracy for validation when the deviation is less than 20%.

The recovery measures were also performed for each compound analysed in order to verify the accuracy of the
applied methodology (Table 9).

Table 9. Recovery of phenolic compounds from forage samples after addition of known concentration of
standards

Analyte (peak number) * Concentratior_llin Concentration of ; Mea?ured concenjration Recovery (%)
sample (mg L) standard added (mg L")  of mixture (mg L)

Gallic acid (1) 0.011 0.85 0.84 98.82
Gallocatechin (2) 0.150 2.29 2.24 97.82
Epigallocatechin gallate (3) <DL" 1.45 1.45 100
Catechin (4) 0.243 1.45 1.60 92.34
Epicatechin (5) 0.056 0.90 0.93 93.33
Caffeic acid (6) 0.093 0.76 0.84 98.53
Vanillin (7) 0.162 0.82 0.93 95.41
p-Coumaric acid (8) 0.015 0.97 0.91 93.81
Ferulic acid (9) 0.023 0.82 0.83 97.22
m-Coumaric acid (10) 0.021 0.82 0.80 97.56
o0-Coumaric acid (11) 0.069 1.51 1.50 99.34
Ellagic acid (12) <DL 1.69 1.69 100
Quercetin (13) <DL 1.53 1.53 100

Note. *Numbers correspond to peaks shown in Figure 1; "< DL: < detection limit.

The recovery percentages, determined by the standard addition method, ranged from 92.34 to 100%. Good
recovery of the analytes indicates that no significant degradation or loss of the compounds occurred while applying
the methodology.

Figure 1 shows the chromatographic profile of the caffeic, (p, m and o)-coumaric, gallic, ellagic and ferulic
phenolic acids as well as the catechin, epicatechin, gallocatechin, and epigallocatechin gallate tannins and the
quercetin and vanillin flavonoids.
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Figure 1. HPLC chromatogram of standard phenolic compounds detected at 280 nm. Key to peak identity: 1)
gallic acid; 2) gallocatechin; 3) epigallocatechin gallate; 4) catechin; 5) epicatechin; 6) caffeic acid; 7) vanillin; 8)
p-coumaric acid; 9) ferulic acid; 10) m-coumaric acid; 11) o-coumaric acid; 12) ellagic acid; 13) quercetin. (For
chromatographic conditions, see Materials and methods)

3.5 Concentration of the Phenolic Compounds in Forages

The following compounds were evaluated (Table 10): the ferulic and (p, m and o)-coumaric phenolic acids; the
acids derived from caffeic, gallic and ellagic hydrolysable tannins; the condensed tannin monomers catechin,
epicatechin, gallocatechin and epigallocatechin gallate; and the quercetin and vanillin flavonoids.

Table 10. Concentration of the phenolic compounds (g mg™), observing the interaction between forages and
fertilisation

R Coastcross-1 Campo Grande stylo Mineirio stylo Amarillo pinto peanut Belmonte pinto peanut
) A NA A NA A NA A NA A NA

Gallic acid <DL <DL 0.027+0.000 <DL <DL <DL <DL 0.076+0.021 0.012+0.000 <DL
Gallocatechin <DL <DL 0.0179+0.005 <DL 0.029+0.000 0.012:0.000 <DL <DL <DL <DL
Epigallocatechin 0.0440.002  0.037+0.002 <DL <DL <DL <DL <DL <DL <DL <DL
gallate

Catechin 0.0071+0.003  0.0044+0.003 <DL <DL <DL <DL <DL <DL <DL <DL
Epicatechin 0.043+0.045  0.022+0.023 0.061+0.000  0.033+0.003 0.065+0.004 0.049+0.005 <DL <DL 0.054+0.026  0.069+0.000
Caffeic acid 0.013+0.008  0.0013+0.000 0.008+0.000  0.020+0.007 0.009+0.000 0.010+0.003 0.015+0.000 0.025+0.007 0.036+0.022  0.020£0.004
Vanillin 0.006+0.006  0.008+0.007 0.003+0.000  0.003+0.000 0.010+0.010 0.004+0.003 0.007+0.000 <DL 0.024+0.000 0.005£0.000
p-Coumaric acid 0.009+0.005  0.029+0.015 0.026+0.012 <DL 0.018+0.001 0.019+0.004 <DL <DL 0.040+0.000 0.024+0.004
Ferulic acid 0.004+0.002  0.007+0.000 0.004+0.000  0.007+0.000 0.004:£0.000 0.003+0.000 <DL 0.025+0.011 0.017+£0.000 <DL
m-Coumaric acid 0.003+0.000  0.004+0.000 0.009+0.002  0.007+0.000 0.015+0.000 0.008+0.003 0.009+0.005 <DL 0.008+0.003 0.004+£0.002
o-Coumaric acid <DL 0.005+0.004 0.011+0.000 <DL 0.030+0.001 <DL 0.006+0.000 <DL 0.009+0.000 0.008+0.002
Ellagic acid 0.009+0.006  0.011+0.000 <DL <DL <DL <DL 0.060+0.002 <DL <DL <DL
Quercetin <DL <DL 0.028+0.000 <DL <DL <DL <DL 0.076+0.021 0.013+0.000 <DL

Note. Compounds that could not be quantified in the samples are labelled < DL.

Some studies have reported that the presence of phenolic compounds is directly related to allelopathic activity,
which may cause growth inhibition and even germination inhibition in other species belonging to the same taxon.
As an example, gallic, caffeic and ellagic acids act as allelopathic and germination-inhibiting substances in a large
number of plants (Fiorenza et al., 2016).

A polyphenolic nature and a high molecular weight are structural characteristics that give certain condensed
tannins, such as catechins and the gallocatechin and epigallocatechin isomers, physicochemical properties that
include the capacity to form insoluble complexes with proteins, the complexation of certain metal ions, a high
reducing power and the ability to neutralise oxygen-free radicals. These properties are responsible for important
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biological effects, such as antitumour, antibacterial, antiviral, anti-inflammatory, vasoprotective, enzyme inhibitor
(phospholipase A2, cyclooxygenase, lipoxygenase glutathione reductase and xanthine oxidase), anti-allergic and
especially antioxidant activity (Yahfoufi et al., 2018).

Epigallocatechin gallate, catechin, epicatechin, caffeic acid, ellagic acid, p- and m-coumaric acids, ferulic acid and
the flavonoid vanillin were identified in G (Table 10). These compounds were present in both the fertilised and
non-fertilised cases. o-Coumaric acid was only present in the non-fertilised grass. G was the grass cropping system
with the largest variety of phenolic compounds. This observation may be related to the higher G resistance to wind,
disease and defoliation compared to that of legumes (Ruckle et al., 2017). The following compounds were
identified in the CGS cultivar: gallocatechin and epicatechin; caffeic, gallic, p-coumaric, o-coumaric, m-coumaric
and ferulic acids; and the flavonoids vanillin and quercetin. These compounds were present mostly in fertilised
species. Thus, fertilisation can be considered to have influenced the presence of these compounds in this legume.

In the MS cultivar, gallocatechin and epicatechin; caffeic, p-coumaric, o-coumaric, m-coumaric and ferulic acids;
and the flavonoid vanillin were identified. Both the fertilised and non-fertilised plants contained these compounds,
except for o-coumaric acid which appeared only in the fertilised plants.

In the AA plants, the following few phenolic compounds were detected: caffeic, gallic, ellagic, o-coumaric,
m-coumaric and ferulic acids and the flavonoids vanillin and quercetin. No pattern existed to suggest more
compounds in the fertilised or non-fertilised plants.

In AB, epicatechin and caffeic and gallic acids were detected. The occurrence of the o-coumaric, m-coumaric,
p-coumaric and ferulic organic acids and the flavonoids vanillin and quercetin was observed. Most of the
compounds were present in fertilised plants, which contained higher concentrations when compared to the
non-fertilised plants.

Caffeic acid was the only compound detected in all the cultivars. This compound is not only a hydrolysis product
of tannins but also a derivative of cinnamic acid and is directly involved in the association of lignin with cell wall
hemicelluloses. Forages show significant lignin deposition, which may relate to the occurrence of caffeic acid in
the cultivars. In general, p-coumaric acid has a strongly negative effect on the digestibility of forages, and this acid
is considered highly toxic to rumen microorganisms. This acid was absent only in AA, which may contribute to a
better digestibility of this cultivar in relation to the other cultivars analysed (Ruckle et al., 2017).

The amount and type of tannin in plants varies according to the plant species, and genetic differences are possible
in the same species (Jugran et al., 2016). This variation can also occur with the cultivar, the tissue, the stage of
development and the environmental conditions in which the plants are found.

The literature contains studies that used HPLC to identify tannins, or their derivatives, in forages of several species.
Gallic acid was detected in forage legume Sulla carnosa (Hafsi et al., 2016). The gallic, ellagic, caffeic, catechin,
epicatechin, gallocatechin and epigallocatechin acids were identified in Onobrychis viciifolia Cotswold Common
variety (Regos, Urbanella, & Treutter, 2009). Epigallocatechin, catechin, epicatechin and gallocatechin were
identified in Purple Prairie Clover (Dalea purpurea Vent.) (Peng et al., 2018).

The groups of phenolic compounds most abundant in foods are flavonoids, phenolic acids and lignins. Phenolic
acids belong to a class of secondary metabolites that are widely distributed in plants. In forages, the presence of
phenolic acids is restricted to the cell wall, and digestibility has been related to the amount of these acids present in
the different tissues (Raffrenato et al., 2017).

The literature also references the quantification and identification of these acids by HPLC. Kuppusamy et al. (2018)
identified and quantified by LC-MS different phenolic acids, including caffeic acid, ferulic acid, p-coumaric acid,
chlorogenic acid, dihydroxy benzoic acid, propyl gallate, catechin, and six flavonoids from Italian ryegrass extract.
In the present study, Italian ryegrass silage powder was extracted with ethanol: water for 20 min at 90 °C. The
extract targeted optimum yield of phenolic acids and flavonoids. Crude phenolic acid and flavonoids were then
purified by solid phase extraction method. Purified fractions were then injected into HPLC with a diode-array
detector. Quantified concentrations of isolated phenolic acids and flavonoids ranged from 125 to 220 pg g dry
weight. Limits of detection and limits of quantification for all standards (unknown compounds) ranged from 0.38
to 1.71 and 0.48 to 5.19 pg g dry weight, respectively.

4. Conclusion

The results of the chemical composition analysis showed that the AA legume presented the best results for the Ca
and P contents and had an adequate CP content and the lowest NDF level, indicating that this cultivar possesses
good nutritive value. The content of condensed tannins was higher in legumes than in grass, which may indicate
that the association with grass increases the condensed tannin content of the animal diet and may cause an
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undesirable effect on forage palatability and digestibility. However, as the analysed legumes to have high protein
content, these antinutritional factors can be minimised. Grass G was the forage with the greatest variety of detected
phenolic compounds, probably due to the greater resistance of this cultivar to wind, disease and defoliation
compared to legumes. The AA cultivar was the most interesting alternative for intercropping with G.
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