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The effect of regrowth age (30, 45, 60, 75 and 90 d) in the content of secondary metabolites from Neonotonia wightii was evaluated through
a random blocks design, with six replications. The experiment took place from January to March (dry season) and from May to July (rainy
season), in a carbonated brown soil, without irrigation and fertilization. Total tannins, total phenols, total condensed tannins, total mixed
condensed tannins, free condensed tannins, flavonoids, saponins, alkaloids, triterpenes and steroids increased (P < 0.05) with age and the
highest values were obtained at 90 d (5.24; 10.07; 77.67; 76.72; 0.95; 3.29; 0.53; 0.30; 8.58 and 0.63 g/kg DM during May-June-July and
3.12; 8.24; 96.64; 94.68; 1.96; 3.99; 0.52; 0.30; 8.51 and 0.69 g/kg DM during January-February-March, respectively). It can be concluded
that regrowth age and climatic factors had a marked effect on the concentration of secondary metabolites. It was demonstrated that while
the plant was maturing, the tenors of secondary metabolites increased. Only total condensed tannins and total mixed condensed tannins
surpassed the limits in which the ruminant fermentation could be affected. It is recommended not to use this plant with an regrowth age
higher than 75 d old. A similar study is suggested to be conducted with this and other legumes, in different environmental conditions, and

to determine the relation between these metabolites and the digestibility and intake of these plants.
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The legume species, in a large amount, constitute an
important feeding resource for ruminants due to their
high content of crude protein and minerals. However,
many plant species show secondary metabolites, like
tannins, saponins, phenolic compounds and alkaloids,
which can have a negative effect on the nutritional value
of these forages. These substances are produced by the
plant and deal with the defense against fungi, bacteria
and virus and with the protection against ultraviolet
radiation. Besides, it works as a mechanism for avoiding
tissue dehydration. The presence of these components
gives an unpleasant taste to plants, which, in many
cases, leads to a low acceptance for its intake by the
herbivorous animals (Santacoloma-Varén y Granados
2010).

In a general sense, the nitrogen-fixer species
synthesize higher diversity of secondary structures,
as a more advanced survival strategy regarding other
plants belonging to the other botanical families, in which
the desired effect can be achieved with the formation
of few strong toxins (Garcia 2004). This process has
been improved for millions of years of plant evolution
together with herbivorous animals, and constitutes an
essential aspect for understanding chemo-taxonomical
differences between plant species and their consequences
in the nutritional level (Baldizan et al. 20006).

According to Baxter (1997), these metabolites act
mainly in protein absorption and digestion, but also
influence on carbohydrates digestion, use of minerals
and vitamin bioavailability (Garcia et al. 2006 and 2008

and Pinto et al. 2010).

The objective of this study was to determine the effect
of regrowth age in the content of secondary metabolites
from Neonotonia wightii in the Valle del Cauto, Cuba.

Materials and Methods

Research area. The study was carried out in the
animal production area from Universidad de Granma,
located at the South East of Cuba, Granma province, at
17.5 km from Bayamo city.

A Neonotonia wightii meadow, with two years of
establishment and 98 % of purity, was used. The study
was carried out from January to March (dry season)
and from May to July (rainy season), during 2007-
2008. These months were selected because they are
representatives from both seasonal periods in the region
(Ramirez 2010).

During January-February-March, precipitations
were of 83.7 mm. Mean, minimum and maximum
temperature registered values of 23.89, 18.28 and
31.41 °C, respectively, and mean, minimum and
maximum relative humidity values of 76.71, 43.92
and 97.13 %, respectively. During May-June-July,
precipitations were of 309.88 mm; mean, minimum and
maximum temperature reached values of 27.22; 22.23
and 35.17 °C, respectively, and mean, minimum and
maximum relative humidity values of 79.25, 49.96 y
96.17 %, respectively.

The soil was carbonated brown (Hernandez et
al. 1999), with a pH of 6.2. The total P,O,, K,O and
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N content was 2.4, 33.42 and 3.0 mg/100 g of soil,
respectively and 3.6 % of organic matter (Direccion
Provincial de Suelos y Fertilizantes de Granma 2007).

Treatments and experimental design. A random
blocks design with six replications was applied.
Treatments were the regrowth ages of 30, 45, 60, 75
and 90 d.

Experimental procedure. At the beginning of the
evaluation in each period, a uniformity cut was made
at 5 cm over the soil level (January and May for each
trimester, respectively). Parcels of 25 m? were delimited,
with 50 cm between them, for each of the regrowth
ages. The field was not irrigated or fertilized during the
experiment. The simple taking was performed through
a total cut of the parcel in each treatment, removing
50 cm of border effect. In each parcel, 200 g of previously
homogenized material were taken. This material was dried
at environmental temperature, within a dark and ventilated
room during 12 d. Later, it was grounded until it reached the
size ofa Imm particle and it was stored in amber flasks until
the moment of analysis. Previous each analysis, the material
was homogenized and dried at 65 °C in a forced air oven
for 72 h (Herrera 2006) for removing residual humidity.

Chemical analysis. The analysis of total phenols
and total tannins was carried out through the method
of Folin-Ciocalteau, before and after the concentrate
treatment of extracts with polyvinylpolypyrrolidone
(Makkar 2003). Total condensed tannins, free
condensed tannins and total mixed condensed
tannins were determined according to the method of
nbutanol/HC1/Fe3+ (Porter et al. 1986); flavonoids were
stated according to Boham and Kocipai-Abyazan (1994);
saponins, through the method described by Obdoni and
Ochuko (2001); triterpenes, according to Jie-Ping and
Chao-Hong (2006); steroids, according to the method
described by Galindo et al. (1989), and total alkaloids,
according to Muzquiz ef al. (1994).

For the stachyose, raffinose and verbacose
oligosaccharides, 1 g of the dry and ground sample was
taken, and it was added 9mL of methanol 70%. It was
heated for 20 minutes at 100 °C, cooled at environment
temperature and filtered with Whatman 42 paper. An
amount of 0.2 mL of a solution of Carrez I (K,Fe (CN)
at 15% in distilled water) and Carrez II (Zn (CH,COO) at
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30 % in distilled water) were added, and it was filled until
10 mL with a solution of methanol 70 %. It was centrifuged
at 4000 rpm for 15 min. A total of 5 mL were taken from
the higher part and 5 mL of dichloromethane were
added, and they were vigorously agitated in the vortex.
The two phases were let to be defined and the superior
one was taken with a pipette. Two more extractions
with dichloromethane were carried out, like the one
previously described. The sample was concentrated in
a rotatory evaporator, and passed through a filter with
0.45 um of pores. AHPLC (WATERS) 0f 2410, refraction
index detector, was used for detection, through the use of
the Empower Pro 2002 program. The chromatographic
method used was the isocratic (constant flow) of
1 mL/min, with a mobile phase of water + sulfuric acid
0.01 N, 50 °C of column temperature. The column used
was of ionic inclusion: BioRad Amino HPX-87M of
300 mm x 7.8 mm.

Calculation and statistical analysis. An analysis of
variance was performed, according to the experimental
design and mean values were compared through the
multiple range test of Duncan (1955). The test of
Kolmogorov-Smirnov (Massey 1951) was used for
the normal distribution of data and the test of Bartlett
(1937) was used for the variances. The statistical
package Statistica 8.0 for Windows (2007) was
applied.

Results

During the trimester of May-June-July (table 1),
concentrations of total tannins (TT), total phenols,
total condensed tannins, total mixed condensed
tannins and free condensed tannins increased
(P <0.05) with the regrowth age and reached the highest
values at 90 d (5.24; 10.07; 77.67; 76.72 y 0.95 g/kg
DM, respectively). There was an increase for all the
indicators, when comparing 90 to 30 d, in 3.34; 4.53;
32.8;32.15 and 0.65 g/kg DM.

During the trimester of January-February-March,
total tannins (TT), total phenols (TP), total condensed
tannins (TCT), total mixed condensed tannins (TMCT)
and free condensed tannins (FCT) presented a similar
pattern of age response to the previous period. For all
the indicators, they increased when comparing 90 with

Table 1. Effect of re-growth age on the content of phenols and tannins of Neonotonia wightii in May-June-July

Total mixed

Age, d Total tannins, Total phenols, Total E:ondensed condensed tannins, Free cpndensed
g/kg g/kg tannins, g/kg o/ke tannins, g/kg
30 1.90? 5.542 44.87° 44,572 0.30°
45 2.16° 7.22° 51.87° 51.37° 0.50°
60 3.60¢ 8.55¢ 54.32¢ 53.68¢ 0.55¢
75 4.574 8.764 64.17¢ 63.38¢ 0.79¢
90 5.24¢ 10.07¢ 77.67° 76.72¢ 0.95¢
EE+ 0.24* 0.29* 2.11%* 2.07* 0.04*

* P<0.05. ®Different letters in the same column differ at P < 0.05 (Duncan 1955)
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30 d, in 1.32, 1.67, 36.50, 37.18 and 1.32 g/kg DM,
respectively (table 2).

During the trimester of May-June-July (table 3),
contents of flavonoids, saponins, triterpenes, and steroids
increased with age (P < 0.05). The highest values were
reached at 90 d. The same happened with alkaloids
until 60 d of re-growth, for later to remain constant.
The stachyose and raffinose decreased (P < 0.05) with
age, while the verbacose decreased until 75 d, for later
to remain constant. The higher tenors were obtained at
30 d of re-growth.

During the trimester of January-February-March,
contents of flavonoids, saponins, alkaloids, triterpenes
and steroids had a similar age response pattern,
regarding May-June-July. The highest values were
recorded at 90 d. However, oligosaccharides presented
a different behavior: verbacose and raffinose increased
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(P <0.05) with age, while stachyose increased until 60
d, and later started to decrease (table 4).

Discussion

The increase of total phenols, total tannins and total
condensed tannins is related to the increase of biomass
maturity and to the increase of lignin concentration
(Makkar 2003). Wambui et al. (2006), when evaluating
the chemical composition of Tithonia diversifolia, found
values of 10.6 and 5.6 g/kg DM for total phenols and
total tannins, respectively. These results are similar
to those obtained in this study during the trimester of
May-June-July.

Miller and Ehlke (1996) and McMahon et al. (2000),
when studying the concentration of condensed tannins,
stated that this compound is controlled, firstly, by genetic
factors, and finally, by environmental variations. In

Table. 2. Effect of the regrowth age on the content of phenols and tannins of Neonotonia wightii in January-February-

March

Total mixed

Age, d Total tannins,  Total phenols, Total (':ondensed condensed tannins, Free gondensed
g/kg g/kg tannins, g/kg o/ke tannins, g/kg
30 1.80° 6.57* 58.14¢ 57.502 0.64*
45 2.03° 7.24° 67.14° 66.38° 0.75°
60 2.29¢ 7.48¢ 71.35¢ 70.49¢ 0.87¢
75 2.854 7.664 75.69¢ 74.57¢ 1.134
90 3.12¢ 8.24¢ 96.64° 94.68¢ 1.96¢
EE+ 0.09* 0.10%* 2.38% 2.29% 0.09*

abede Different letters in the same column differ at P < 0.05 (Duncan 1955) * P < 0.05

Tabla 3. Effect of the re-growth age on the content of oligosaccharides, flavonoids, saponins, alkaloids, triterpenes and steroids

of Neonotonia wightii in May-June-July

Age, Verbacose, Stachyose, Raffinose, Flavonoids, Saponins, Alkaloids,  Triterpenes, Steroids,
d g/kg g/kg g/kg g/kg g/kg g/kg g/kg g/kg
30 0.0130? 0.0076* 0.0200° 1.18 0.22# 0.20? 7.14* 0.422
45 0.0073* 0.0068° 0.0140° 1.39° 0.30° 0.20° 7.52° 0.47°
60 0.0064¢ 0.0060¢ 0.0090¢ 1.94¢ 0.40¢ 0.30° 7.67¢ 0.52¢
75 0.00444 0.0130¢ 0.0073¢ 2.474 0.49¢ 0.30° 7.994 0.56¢
90 0.0041¢ 0.0110¢ 0.0083¢ 3.29¢ 0.53¢ 0.30° 8.58° 0.63¢
EE+ 0.0006* 0.0005* 0.0009* 0.14%* 0.02%* 0.0094* 0.01%* 0.01%*

*P<0.05. ®Different letters in the same column differ at P < 0.05 (Duncan 1955)

Table 4. Effect of the re-growth age on the content of oligosaccharides, flavonoids, saponins, alkaloids, triterpenes
and steroids of Neonotonia wightii in January-February-March.

Age, Verbacose, Stachyose, Raffinose, Flavonoids, Saponins, Alkaloids, Triterpenes, Steroids,
d g/kg glkg g/kg g/kg g/kg g/kg g/kg g/kg
30 0.00322 0.00582 0.0058° 1.30° 0.442 0.20? 7.36% 0.45°
45 0.0033° 0.0090° 0.0091° 1.70° 0.21° 0.20? 7.54° 0.51°
60 0.0044¢ 0.0071¢ 0.0100¢ 2.09¢ 0.31¢ 0.30° 7.77¢ 0.56°
75 0.0058¢ 0.0059¢ 0.0130¢ 2.86¢ 0.42¢ 0.30° 8.05¢ 0.63¢
90 0.0066¢ 0.0055¢ 0.0150¢ 3.99¢ 0.52¢ 0.30° 8.51° 0.69°
EE+ 0.0003* 0.0002* 0.0006* 0.18* 0.02* 0.01* 0.08* 0.02%*

* P <0.05. *®Different letters in the same column differ at P < 0.05 (Duncan 1955)
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general, its concentration increased with maturity and it
is related to the increase of lignin in the tissues, which
can provoke a decrease of forage digestibility, when high
values are reached. Besides, these authors pointed that
high concentrations of total condensed tannins have been
associated with the increase of lignin, because they found
contents of 106 g/kg in those tannins and 132-152 g/kg
of lignin in Lotus pedunculatus. The positive relation
between them is owed to the biosynthesis common route
of these two compounds.

Values of condensed tannins between 22.2 and
237.5 g/kg have been reported in forage legumes.
Out of them, 90% are total mixed tannins and around
70 % are related to protein. That happens because if
the concentration of total condensed tannins is high,
the amount of them related to proteins will be high too,
due to their affinity with this nutrient (Jackson et al.
1996). Terrill ef al. (1992) obtained values of 22.2 and
33.6 g/kg in total phenols, and of 105-238 g/kg in total
mixed condensed tannins, and they related them linked
with the reduction of cell wall digestibility.

The differences presented by total condensed tannins,
total mixed condensed tannins and free condensed
tannins between the experimental periods, in this study,
can be attributed to the variations of environmental
conditions, plant nutrition and the probable reactions
of tannins with other present compounds, among other
factors (Makkar and Singh 1991). This was evident
in a study carried out by Lees et al. (1995) in clones
of Lotus uliginosus. These authors informed that total
condensed tannins increased from 30 to 100 g/kg, when
the temperature varied from 30 to 20 °C, respectively.
Afterwards, concentrations from 80 to 110 g/kg were
found in soils of low fertility in Lotus pedunculatus.
They get to be four times higher than when the plants
were developed in fertile soils (McMahon et al. 2000).

Except for condensed tannins, the values were under
the amounts informed in the edible fraction of some
legumes used in agro-silvopastoral systems in tropical
areas (Garcia 2004). In this study, the concentration of
these compounds (except condensed tannins at 90 and
60 d in the periods May-June July and January-February-
March, respectively) was inferior to the minimum
concentration (total phenols, 40; total tannins, 40 and
condensed tannins, 60 g/kg DM) informed by Makkar
(2003), when the fermentation in the rumen started to
be affected.

Chew et al. (2011) pointed the antioxidant and
bactericide characteristics, among others, of some
legumes used as medicinal plants in Malaysia, and
related them with the possible content of phenolic
contents. Therefore, it would be important to study
this probable relation in plants used in Cuba for animal
nutrition and human health.

The results found in verbacose and in stachyose
turned to be inferior to those pointed by Vijayakumari
et al. (2002) in Dolichos lablab (0.17 and 0.13 g/kg of
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stachyose and verbacose, respectively). In these non-
reducing sugars, of low molecular weight, are reserve
compounds, having variable amounts in plant organs
and many plant seeds, included the legumes (Kadlec
2000). These oligosaccharides are also called “factors of
flatulence” because they release considerable amounts
of gases when they are fermented by the intestinal
microflora.

The values of flavonoids found in this study were
inferior to those of Verdecia et al. (2012) in Leucaena
leucocepha, and are located in the range informed by
Edeoga et al. (2005) for medicinal plants in Nigeria
(from 1.5 to 9.8 g/kg). However, the relatively high
concentrations of flavonoids are because this is one of
the phenolic groups that offer protection to plants against
solar radiation (Cerovic et al. 2002), due to its action as
sun blocking in leaf epidermis, and protects the interior
of the cell against the possible high radiations, which
can be very harmful (Jordan 2002, Bassman 2004 and
Morales et al. 2010).

There is a generalized agreement in scientific
literature about that flavonoids concentration and the
great number of polyphenolic compounds present drastic
variations, with management and environmental factors
(Garcia 2004).

Although not all saponins are deleterious metabolites,
after certain concentrations they act as intake inhibitors,
have foaming properties, present a bitter flavor and
constitute powerful toxic concentrations for digestive
metabolism (Garcia 2004 and Baldizan et al. 2006).
Nevertheless, concentrations found in the evaluated
specie were similar to those found in soybean meal and
in the foliage of other plants consumed by cattle, without
difficulties, under natural conditions (Sotelo et al. 1995
and Makkar 2003).

Tenors of alkaloids (0.5-1g/kg DM), informed
by Sotelo et al. (1996) and Garcia et al. (2008), are
considered as intermediate in some forage legumes.
Taking into account the previously mentioned, this
group of compounds should not cause changes in the
proper development of ruminants. Therefore, the results
of 0.30 g/kg in this study may be considered as low,
and support the hypothesis that sources of non proteic
nitrogen are spread in most of plant organisms, mainly
in dicotyledonous plants (Sotelo et al. 1996). The
values from the evaluated plant turned to be similar to
the typical concentrations of many species that does not
cause toxicity.

Medina et al. (2009) informed 10-14 g/kg of
triterpenes and stated the difficulty of comparing them
because of the low availability of literature that describes
this metabolite. However, Mossi et al. (2009), when
studying the content of triterpenes in Maytenus ilicifolia
in 16 zones of Brazil, found concentrations from 8.67 to
28.56 g/kg, but they did not find a correlation between
the tenor of triterpenes and environmental variables.
Therefore, these authors concluded that the variation of



Cuban Journal of Agricultural Science, Volume 48, Number 2, 2014.

this type of metabolite depends on the characteristics of
each population.

Semmar et al. (2011) stated the variability and
ecological meaning of these secondary metabolites in
biosystems, while Karolewski et al. (2011) informed
that the variability of phenolic compounds was mainly
determined by age and their location in different parts
of the plant, aspects reflected in this study.

The results of this research evidenced the marked
effect of age and climatic factors on the production of
secondary metabolites because, in both seasons, similar
response patterns to the re-growth age were obtained,
but with specific values in each season. However, it
was demonstrated that while the plant was maturing,
the concentration of secondary metabolites increased.
Only total condensed tannins and total mixed condensed
tannins surpassed the limits in which the ruminant
fermentation can be affected. This aspect has to be
considered in the management of this specie, when it is
used in animal feeding. Nevertheless, it would not be
appropriate, according to the values of the indicators
analyzed in this study, to use Neonotonia wightii
with a re-growth age superior to 75 d, although future
multidisciplinary studies are needed for endorsing the
optimal re-growth age

Conclusions

Further researches about this specie and about other
legumes in different edapho-climatic conditions, with
the division of seasons (rainy and dry) in trimesters,
are suggested, because of the variations produced in
the environmental conditions in each of them. This way,
knowledge about the behavior of secondary metabolites
would be widen, with an emphasis on phenolic
compounds. It would be advisable to study the possible
relation between these metabolites and digestibility and
intake of this plant.
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