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Abstract
The objective of this study was to produce organic fodder based on corn and Yorimón bean as
an alternative to conventional fodders in the Lagunera Region. The experiment was conducted in
the spring-summer cycle from April to August 2017. In each useful plot, three corn plants and
three Yorimón bean plants were harvested, which were finely chopped and mixed to form a
balanced compound of which one kilogram was used for bromatological analyses. A randomized
block design with four repetitions was used. In the CP of organic and inorganic fodders, no
significant differences were observed (p> 0.05) and the values found were within the optimal
values for cows in production. CP correlated positively with TDN and NEL (p< 0.01). The quality
of the fodder combined between corn and Yorimón bean showed that it is an alternative to
conventional fodders.
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Introduction
In Mexico, the Comarca Lagunera is the main dairy basin of the country. It produces more than 2
433 million liters of milk annually from a herd of more than 465 thousand head of cattle (SIAP,
2017a; 2017b). There is a need to seek for new fodder alternatives to reduce production costs, lower
water consumption and maintain or improve the nutritional quality of fodder, mainly for dairy
cattle, given that the largest dairy basin in the country is in the Comarca Lagunera. This makes it
necessary to carry out studies in one of the most demanded crops such as forage corn (Zea mays
L.) in association with other species, such as Yorimón bean [Vigna unguiculata (L.) Walp], in order
to meet the food needs in the diet of dairy cows, given its high productivity and quality in green
and silage (LACTODATA, 2011).
It is important to seek better alternatives in terms of genotypes that ensure high fodder yields
considering a higher leaf-stem ratio, green corn cob-plant ratio, high dry matter production and
higher nutritional quality (Clark et al., 2002). Driving the development of science towards new
production approaches that ensure greater efficiency to face the growing problems of food security
has created the need to seek sustainable alternatives to offer animal feed at lower cost and higher
productivity (FAO, 2017). Within these feeds are fodders, which can be used in green, hay or
silage. The characteristics of a good fodder include nutrient content, digestibility, palatability,
yield, among others.
Corn is an ideal crop for silage due to its high content of available carbohydrates, its high yield
of green matter and its low cost of production (Ahlgren, 1949; Inchausti and Tagle, 1987). Corn
is the most widely produced cereal in the world, it is one of the most important sources of f eed
for livestock (Serna, 2006). Yorimón bean is an herbaceous legume with an erect, semi-erect
and creeping growth habit, which grows between 50 and 100 cm; well adapted to different soils
and climates (Cook et al., 2005). It has its origin in Asia and the centers of genetic diversity
are located in Africa and India (Phansak et al., 2005); however, it is sown in several countries
of the African, European and American continents, the latter being where it is most consumed
(Apáez et al., 2009).
As a legume with a high nutritional content, it is important to evaluate it, since a good
percentage of the world population feeds on it (Singh et al., 2003; Lewis et al., 2005). It is
grown in more than two-thirds of developing countries as a growing partner with major cereal
crops (Agbogidi, 2010). Yorimón bean has several uses, among which green manure (BeltránMorales et al., 2009), cover, hay, silage, concentrate and human food can be mentioned, as
reported by López and Bressani (2008); Mayz et al. (2010); Vargas et al. (2012), in addition to
being used in cattle feed (Vendramini et al., 2012), it is a legume that for many years has been
used as fodder for birds and pigs (Murillo-Amador et al., 2000; Castro et al., 2002) and poultry
(Sarmiento et al., 2011).
This is because it is one of the most adaptable, versatile and nutritious crops, with a high protein
content and high digestibility, studies such as those of Ramakrishnan et al. (2005); Apáez et al.
(2009). The species adapts easily to different stressful conditions (Gómez et al., 2013); however,
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it is necessary to consider factors such as soil type, climate, competition with weeds, as mentioned
by Shindoi et al. (2012); Cardona et al. (2013), and the variety used (Ávila et al., 2010). The
objective of this study was to seek for new alternatives of organic fodder based on Yorimón bean
and corn, seeking to maintain the quality of the fodder, mainly for dairy cattle.

Materials and methods
The study was carried out in the experimental field of the Polytechnic University of the Laguna
Region, in the ejido of Santa Teresa, municipality of San Pedro de las Colonias, Coahuila de
Zaragoza, Mexico, located in the geographical coordinates: longitude 103.355833 and latitude:
25.774722, located at an altitude of 1 020 m, its climate is dry, desert, average annual rainfall of
258 mm and average annual temperature of 21 °C (García, 1973). The experiment was conducted
in the spring-summer cycle from April to August 2017.
For corn, the hybrid AN 447 (Mexican Institute of Corn UAAAN-Saltillo, Mexico) with a 95%
genetic purity was used. Both crops were sown in wet soil on April 20, 2017, using alternating
furrows, two furrows of corn, and then two furrows of Yorimón bean. For the furrows of corn, 10
to 12 seeds per linear meter were sown, and for Yorimón bean, 5 to 6 seeds per linear meter were
sown, having a population density of 88 000 plants ha-1 for corn and 75 000 plants ha-1 for Yorimón
bean. The size of the experimental plot was 458 m2. Each useful plot consisted of four furrows of
four linear meters and separation between furrows of 0.8 m for an area of 9.6 m2.
At sowing, a pre-sowing irrigation was applied and subsequently three supplemental irrigations
were applied every 30 days for a total irrigation sheet of 80 cm. The cut of the two crops was
carried out on August 26, 2017, 130 days after sowing because the AN-447 corn is of late cycle
and coincided with the maturation of the organic Yorimón bean. The treatments under study
consisted of two sources of fertilization, one organic and one inorganic. Inorganic fertilization was
156.6 kg ha-1 of N (source urea), 46 kg ha-1 of P2O5 (source DAP), and organic fertilization was
based on vermicompost, applying a dose of 15 000 kg ha-1, which had a pH of 8, electrical
conductivity of 3.1 dS m-1, organic matter of 7.3%, NO3 6.21 mg kg-1, phosphorus 38.2 mg kg-1,
potassium 215 mg kg-1, calcium 39.1 mg kg-1, Mg 1.5 mg kg-1, Fe 20.8 mg kg-1, Mn 4.1 mg kg-1,
Zn 1.3 mg kg-1, Cu 0.8 mg kg-1.
The cultural work was carried out in accordance with the technological package for the Laguna
region recommended by Agroder (2012) corn production Mexico, 2010. State comparison of
rainfed and irrigation modalities. The preparation of fodder samples for bromatological analyses,
three corn plants and three Yorimón bean plants were harvested in each useful plot, having a
proportion of 75% of corn and 25% of Yorimón bean, which were finely chopped and mixed to
form a balanced compound of which a kilogram was weighed and put in a labeled paper bag to
then dry in an oven with air forced at 72 °C for 24 h. The bromatological analysis of the dry samples
was carried out in the laboratory of the Cooperativa Agropecuaria, SA de CV in Gómez Palacio,
Durango.
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The variables that were measured were: crude fiber (CF), ashes (ASH), crude protein (CP),
total digestible nutrients (TDN), net energy of lactation (NEL), ethereal extract (EE), acid
detergent fiber (ADF), neutral detergent fiber (NDF). The chemical analyses were carried out
under the official Mexican standards, for CF the determination was made by acid and alkaline
digestion, obtaining crude fiber and salts as residues, the crude fiber present is obtained by
calcination, for ASH in a crucible at constant weight, 5 g of sample was added, placing it in a
muffle and it was completely burned at 550 °C for 12 h, for CP it was quantified by the Kjeldahl
method, where copper sulfate, as a catalyst, and sodium sulfate are used in order to increase
the temperature of the mixture, accelerating digestion, once the distillation is finished and the
obtained is tittered with HCl 0.1 N. The protein was obtained by quantifying the total nitrogen
and multiplying it by 6.25.
The quantification of ADF was carried out as follows, 1 g of dry sample previously ground and
sieved was taken, adding 100 ml of acid detergent solution, boiling for 2 h, filtering by gravity in
a crucible, once finished the crucible was washed with 300 ml of hot distilled water, the residue
was washed with acetone and dried in the crucible at 105 °C for 12 h, it was cooled in a desiccator
and subsequently weighed.
For NDF, in the same way, 1 g of ground sample was taken, to which 100 ml of neutral detergent
solution and 2 ml of amylase were added, boiling for 1 h, then vacuum filtered in a crucible, which
was washed with hot water and finally washed 2 times with acetone, vacuum drying, the crucible
was dried in an oven at 105 °C for 12 h, then cooled in the desiccator as a desiccant using
phosphorus pentoxide and weighed to finish. A randomized block design with four repetitions was
used. Data were analyzed using analysis of variance, multiple comparison of means (MSD, α=
0.05) and Pearson correlation, with the SAS program (V 9.2).

Results and discussion
The mean values of the fodder quality variables evaluated (Table 1), in the ethereal extract there
were no significant differences between the types of fertilization (p> 0.05). The values observed
in both organic and inorganic fodder were within normal values, which should not exceed a value
of 6% since otherwise rumen function is affected. The ethereal extract is an indicator of the
contribution of essential fatty acids in animal metabolism (Campos-Granados and Arce-Vega,
2016). In the variable crude fiber, significant differences were observed (p< 0.05), with the highest
value in the inorganic treatment.
The values observed in both types of fodder in this work are within the optimal values of crude
fiber required in feeds, 18% to 25% of the daily ration (Anrique, 2014). Crude fiber is important
for stimulating rumen function and as a precursor to milk fat (Blanco-Callancho et al., 2018) (Table
1). In ash content, there were no significant differences between organic and inorganic fertilization
(p> 0.05). The optimal ash content in fodders is about 5 and 9% for corn and legume fodder,
respectively; however, values of up to 10 and 18% have also been observed in these same fodders
(Hoffman, 2005).
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Table 1. Comparison of means for organic and inorganic fodder quality variables.

Treatment
EE (%)
CF (%)
ASH (%)
CP (%)
ADF (%)
NDF (%)
TDN (%)
NEL (Mcal kg-1)

Overall mean ± standard deviation
Organic
Inorganic
4.5 a ±0.198
3 a ±0.192
18.6 b ±0.94
20.9 a ±1.1
13.3 a ±1.05
13.9 a ±1.18
14.9 a ±1.57
12.2 a ±2.58
36.7 a ±1.22
33.3 a ±1.96
57 a ±3.24
55.1 a ±5.77
51.8 a ±1.4
58 a ±2.26
1.5 a ±0.03
1.54 a ±0.05

MSD
3.16
1.54
0.85
7.4
4.8
4.4
10.4
0.04

EE= ethereal extract; CF= crude fiber; ASH= ashes; CP= crude protein; ADF= acid detergent fiber; NDF= neutral
detergent fiber; TDN= total digestible nutrients; NEL= net energy of lactation. The values correspond to the average
of data ± standard error. Subscripts with different letters indicate statistical differences (MSD, p≤ 0.05) in each row.

The values observed in this work are above the values considered optimal, but below the values
considered high in corn and legume fodder (Table 1). Regarding crude protein, no significant
differences were observed (p>0.05), the values found in this work are within the recommended
values for dairy cows in production (Moreno, 1982), with the value found in organic fertilization
(14.9 ±1.57) being higher and both values of percentage of protein exceeded the value found by
Silva et al. (2016). The protein needs of dairy cows depend on daily milk production and cow
weight. Moreno (1982) mentions an optimal protein range of 11 to 16% for dairy cows in
production.
In the variables acid detergent fiber (ADF) and neutral detergent fiber (NDF), no significant
differences (p> 0.05) were observed between organic and chemical treatments. Acid detergent
fiber is used to estimate the energy that will be obtained from the fodder (INIFAP, 2006); the
ADF values found in this work exceeded by 5.3% (inorganic fodder) and 8.7% (organic fodder)
the optimal value of 28% required in quality fodders (Gallegos-Ponce et al., 2012), which can be
attributed to the degree of maturity of the crops at the time of harvest (Sha et al., 2016) (Table
1). Neutral detergent fiber (NDF) determines how much fodder the animal will consume and
digestibility, the higher the NDF value, the lower the consumption (Arnold et al., 2019).
Acceptable NDF values in corn hybrids are below 50% (INIFAP, 2006; Gallegos-Ponce et al.,
2012).
The NDF values of this work exceeded the reference value by 5.1 and 7%, respectively, for
inorganic and organic fertilization (Table 1). Total digestible nutrients (TDN), as a unit of
expression of feed energy content, is an approximate measure of digestibility (Brautigan, 2007).
The TDN variable is used as an indicator to evaluate the quality of legume or grass hays or for
the allocation of fodder to groups of animals according to nutritional requirements (Carr et al.,
2004; Strydhorts et al., 2008). The optimal values of TDN should be above 65%, a value that
was not exceeded by the values found in this work (58.0 and 51.8%, respectively, for inorganic
and organic fodder); however, they exceeded the values found by Moreno-Reséndez et al. (2017)
(Table 1).
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Net energy of lactation (NEL) is the energy used in milk production and according to the NRC
(2001), a Holstein cow in production requires 1.5 to 1.8 Mcal k-1g of dry matter consumed. The
NEL values found in this work were at the lower limit considered optimal, with the value observed
in inorganic fodder being slightly better, although statistically there were no significant differences
between both types of fodders. The NEL values of this work exceeded by 53 and 46% the values
found by Moreno-Reséndes et al. (2017), who reported values of 0.98 and 1.05 Mcal kg-1 of dry
matter, respectively, for organic and inorganic fertilization (Table 1).
Pearson’s correlation coefficients between quality variables (Table 2), EE correlated positively
with CF (p< 0.05), with TDN (p< 0.01) and with NEL (p< 0.01). According to Cañas (1995), this
association is appropriate since EE favors the assimilation of nutrients, gives flavor to the ration,
and avoids the disintegration of the food. The variable TDN is used as an indicator to evaluate the
quality of hays of legumes or grasses (Carr et al., 2004; Strydhorts et al., 2008).
Table 2. Correlation coefficients for nutritional variables in the combined fodder of corn and
Yorimón bean.

EE
CF
ASH
CP
ADF
NDF
TDN
NEL

EE

CF

ASH

CP

ADF

NDF

TDN

NEL

1

0.4614*

0.013

0.1922

-0.5582**

0.0103

0.5583**

0.5596**

1

0.2065

0.4103*

-0.6692**

0.2271

0.6693**

0.6441**

1

0.6395**

-0.2883

0.4815*

0.2887

0.2693

1

-0.7635**

0.0086

0.7637**

0.749**

1

0.4015

-1**

-0.9979**

1

-0.5063*

-0.5084*

1

0.9979**
1

CF= crude fiber; ASH= ashes; CP= crude protein; ADF= acid detergent fiber; NDF= neutral detergent fiber; TDN=
total digestible nutrients; NEL= net energy of lactation; **= p≤ 0.01; *= p≤ 0.05.

The observed positive and significant relationship (p< 0.01) between NEL and CF in the obtained
fodder composed of corn and Yorimón bean is considered acceptable given that the CF values were
within the ranges accepted as optimal because if they had been high, a low NEL would have been
expected because the CF would be considered non-digestible (Saha et al., 2017). Regarding the
positive and significant relationship (p< 0.01) between NEL and CP in the fodder obtained, given
that CP was within the optimal range, it is considered sufficient to support the needs of growth,
maintenance, reproduction and lactation (Saha et al., 2017).
Since TDN is a measure of a food’s energy value, the positive and significant association (p< 0.01)
with NEL indicates an increase in digestible energy as TDN increases (Jayanegara et al., 2019).
NEL also correlated negatively and significantly with ADF and NDF, indicating that the higher the
fiber contents, the lower the NEL (Espinoza-Canales, 2017). The variable TDN correlated
positively and significantly (p< 0.01) with EE, CF and CP. These relationships, in these magnitudes
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and sense, represent the amount of digestible energy in the feed from the truly digestible fraction
(Elizondo-Salazar, 2020). Negative and significant correlations (p< 0.01) were observed between
TDN with ADF and NDF. It is known that TDN tends to decrease as ADF and NDF increase
through the maturation process of fodders (Espinoza-Canales, 2017), so the cut date of the fodder
will be decisive to maintain a content and availability of nutrients.

Conclusions
As in most of the variables, except one, there was no significant difference between the two types
of fertilization and since inorganic fertilization is more expensive than organic fertilization and in
addition to the fact that organic products have greater acceptance in the market, it can be considered
that organic fertilization is an additional option to inorganic fertilization to maintain the quality of
the fodder. The combination between corn and Yorimón bean showed that it is an alternative to the
conventional fodders used, in addition to the organic and sustainable nature that takes care of the
environment because it does not pollute it and is available to the whole society.
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