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Abstract

This paper evaluates the physical, chemical and microbiological
composition of silage obtained from mixtures of plant residues.
The research was experimental with a quantitative approach, the
data obtained from the response variables were analyzed using
statistical tools for the subsequent interpretation of the data. For
the execution of the experiment, plant residues of potatoes,
cassava, eggplant and watermelon discarded in supermarkets in
the city of Valledupar were used. For the production of silage, a
completely random experimental design was applied with four
treatments and three repetitions. The best treatment was
selected through the analysis of variance (ANOVA) and
comparison of means through the Tukey test. Three of the four
alternatives for the production of silage are viable since they carry
the process in a correct way because the pH values given suggest
that there is an optimal production of lactic acid bacteria. The
tests carried out comply with adequate characteristics in
treatments two, three and four. Treatments containing the
highest percentage of cassava showed the best values in fiber,
carbohydrates and protein. While the silages that contained in
greater proportion the potato were the richest in moisture.

Keywords: Silage, Vegetable Waste, Animal Feed, Supermarkets,
Fermentation.
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1. INTRODUCTION

According to the Food and Agriculture Organization of the United
Nations — FAO, reducing food waste and losses became a global purpose,
the figures are alarming, it is estimated that every year around 30% of
cereals are lost and wasted; 40-50% of tubers, fruits and vegetables;
20% of oilseeds, meat and dairy products and 35% of fish. The causes of
food waste in middle-and upper-income countries are mainly related to
consumer behavior and existing policies and regulations to address
other sector priorities.

In line with the United Nations “Globally, around 14 percent of food
produced is lost between harvest and retail, while an estimated 17
percent of total global food production is wasted 11 percent in
households, 5 percent in the food service and 2 percent in retail.

Reducing food losses and waste became a global purpose, this is
because the figures are alarming, the causes of food waste in middle and
high income countries are mainly related to consumer behavior and
existing policies and regulations to address other priorities of the sector

(1] [2].

Supermarkets demand high aesthetic standards for fresh products that
lead to food waste, because they have strict quality characteristics on
the weight, size and appearance of fruits and tubers, so the waste
generated most of the time becomes part of animal feed. According to
the National Planning Department in Colombia, 34% of the food in the
country is wasted. The guilds that produce food for human consumption
can be key to changing bad practices and finding a more efficient way to
manage our food [3].

Depending on the processing activity where the weight reduction of the
raw material used in food production is carried out, food losses or waste
can be generated. It is a loss when it occurs during the activities carried
out from agricultural production and industrial processing or
transformation.

While food waste is generated during the distribution; retail trade, retail
or retail trade and in activities aimed at the consumption of food. The
causes by which food is lost or wasted can be very varied and multiple
factors are involved such as climatic conditions, degree of industrial
processing technologies, culture, habits or forms of consumption and
logistical aspects, among others [4].

On the other hand, in the processing of raw materials to obtain silages, a
series of fermentative processes are carried out, such as acetic, where
plant cells allow the growth of Coliform bacteria that produce acetic acid
from lactic acid at optimal temperatures between 18 to 25 2C. likewise,
lactic acid bacteria use sugars and other soluble carbohydrates that are
part of forage raw materials in order to generate lactic acid under
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anaerobic conditions. Not having adequate conditions for the above,
secondary fermentations may occur which are undesirable and should
be avoided.

One of the most common is the so-called butyric fermentation, it is
produced at temperatures between 20 to 40 2C by bacteria that increase
the ammonia concentration that favors the development of bacteria of
the genus Bacillus that increase the ammonia concentration much more
and generate conditions for the growth of contaminating
microorganisms that can decompose the silage. Alcoholic fermentation,
by yeast is recommended in small concentrations, excess alcohol in
silage is a danger to livestock [5] [6] [7].

According to preliminary consultations in some supermarkets in the city
of Valledupar, Cesar, Colombia, approximately 822 tons are currently
generated annually, this is significant for a city that has around 545,000
inhabitants, so it is necessary to implement processes that use this
waste in order to reduce negative impacts on the environment and the
reuse of waste or food waste for animal feed through silage that can
contribute to lowering investment costs in different businesses related
to cattle.

In this work, we evaluated the composition, physico-chemical and
microbiological of a silage obtained from mixtures of vegetable waste,
vegetable residues, showed that we can use this type of waste in the
production of silage, fulfilling all the requirements needed to carry out
the process, and to be used as a supplement in animal feed, in addition
to be useful for decreasing the losses and environmental pollution
caused regularly by mishandling that is given to the organic waste.

Silage is a process that provides producers with a sustainable way of
animal feeding over time, since vegetables are not degraded quickly,
allowing them to be preserved for later use, offering to maintain the
amount of nutrients that the food has, thus obtaining an animal feed
that can be used at any time of the year.

2. MATERIALS AND METHODS

The research was experimental with a quantitative approach, the data
obtained from the response variables were analyzed using statistical
tools for the subsequent interpretation of the data. The experiment was
conducted according to what was proposed by several authors [6] [7] [8]
(9l

The samples were taken at random, in four supermarkets in the city of
Valledupar, an experimental design was applied completely at random
with four treatments and three repetitions. In search of the best
treatment, it was evaluated through the analysis of variance (ANOVA).
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for the comparison of the averages, the Tukey test was performed, it
seeks to compare the individual means generated in an analysis of
variance of several samples from different treatments. it allows to
distinguish whether the results obtained are significantly different or
not. The results of the analyses were calculated with a significance level
of 5% probability of error, and the difference between groups was
considered significant as long as p <0.05. Twenty-three kilograms of
potato (S. tuberosum), twenty-four kilograms of cassava (M. esculenta),
three kilograms of watermelon (C. lanatus), and three kilograms of
eggplant (S. melongena) were collected for each treatment.

Table 1. Organization of experimental design

Concentration in percentages (%) of raw materials in
Treatments mixture
Potato Cassava | Eggplant Watermelon
T1 70 25 3 2
T2 55 40 3 2
T3 25 70 3 2
T4 30 65 3 2

To all mixtures were added 0.4% molasses.

The residues were collected in the morning hours, they were taken to
the laboratories (CIDI) of the Popular University of Cesar, for subsequent
washing and fractionation with a steel knife to a particle size of 1.5 cm,
size that the authors decided, following bibliographic recommendations,
on food for ruminants, in which the particle size must be small enough
so as not to hinder the correct compaction of the silage and that it must
have a particle size large enough to provide the animal with effective
fiber.

For each treatment, 10 grams of sample was taken from the waste
mixture and the physicochemical analyzes of humidity, pH, acidity, ash
and microbiological analyzes of molds, yeast, aerobic mesophiles, total
and fecal coliforms and E. coli were performed.

Subsequently, the twelve bag silos were prepared, since each of the four
treatments had three repetitions, each silo with a weight of three
kilograms, weight determined by the authors, these were filled taking
into account what was established in the experimental design, to
measure the pH, observe the process and its stabilization, were made
apart from the aforementioned silos, twelve one kilogram silos,
equivalent to each treatment with three repetitions, one of each
repetition was opened at five days, another at ten and the other at
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fifteen days, this in order not to open the silo of the twenty days, and
cause some alteration in the process.

The silage was opened after twenty days of the fermentative process,
and the humidity, pH, acidity, protein, fat, carbohydrates, fiber, ash,
calcium, sodium and microbiological of molds, yeasts, aerobic
mesophiles, total coliforms, fecal and E. coli were determined. Each
sample is performed with three repetitions.

The pH was performed by the method 10.041/84 of the Association of
Official Analytical Chemists - A.0.A.C using a pH meter brand OHAUS
model STARTER 3100. 100 g of sample were used, which were added in
a commercial blender, being liquefied in 200 milliliters of distilled water.

Then, it was filtered and the resulting liquid was proceeded to measure
the pH. The titratable acidity was determined by titration with a solution
of NaOH 0.1 N, it took 10 g of the mixture of raw materials used, were
introduced in a blender, in 20 milliliters of distilled water, filtered and
the solution obtained, we added three drops of phenolphthalein and
then it is stirred manually and is valued solution of NaOH 0.1 N, by
means of a burette, graduated, until the solution obtained previously
took a pale pink colour that persisted for 30 seconds.

The humidity was carried out by the gravimetric method 930.150 /90 of
the A.0.A.C, using a drying oven, desiccator with silica gel, digital scale
with an accuracy of £ 0.001 g porcelain crucible. The sample weight was
10 g. For this test the sample was fractionated into much smaller sizes
than the one provided for silage in order to ensure the process.

It was subjected to oven drying for 24 continuous hours, the ash
determination was carried out by method 942.85/90 of the A.0.A.C. The
sample already dry obtained from the test of moisture in the crucible
porcelain calcined at 550 °C in a muffle, the fat was determined by
method 920.39/90 of the A.O0.A.C using a computer Soxhlet in addition
to this a refrigerant, beaker of 1000 ml, cork rubber, clamps, bracket,
universal, a thimble, hoses, ball volumetric, balance of high precision.

The fiber determination was carried out by the A.0.A.C. method
962.09/90. The fat-free sample is acid digested in the presence of 0.225
N H2S04 and alkaline digested in the presence of 0.313 N NaOH, using a
heating plate.

The protein was determined by the volumetric Kjeldahl method, which
determines the concentration of nitrogen present in the sample to then
be transformed, through a factor, into protein, which in the case of fruits
is 6.25.

The carbohydrate content is calculated by subtracting from 100 the sum
of the content of dietary fiber, proteins, fats and ash moisture [10] [11]
[12].
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3. RESULTS AND DISCUSSION

3.1 Physicochemical and Microbiological characteristics of the initial
mixture of raw materials.

FIGURE 1: DISCARDED VEGETABLE WASTE IN SUPERMARKET

, ! it

The physicochemical characteristics of the initial mixture for the
treatments yielded the following results: The humidity values were in
the range of 69.15 and 72.28% humidity with a standard deviation of
1.2116. Treatment two was the one with the highest moisture
concentration (72.28%). The pH values ranged from 5.87- 6.19 at the
beginning of the silage process.

With a standard deviation of 0.12. Likewise, the acidity values ranged
from 0.99% to 1.05% as lactic acid with a standard deviation of 0.044
and the ash were between 1.08% to 1.2% with a standard deviation of
0.05. On the other hand, the presence of microorganisms is high, molds
and yeasts are greater than 13 x 102 cfu/gr, mesophilic aerobes above
17 x 103 cfu/gr, Total coliforms and fecal Coliforms greater than 11000
cfu/gr and typical presence of Escherichia coli. Similar values were
reported in other studies [7] [13] [14]. The above values are taken as a
starting point to compare the changes in the product by the silage
process.

3.2 Physicochemical and Microbiological characteristics of the silage
product

FIGURE 2: SILAGE OF VEGETABLE RESIDUES: CASSAVA, POTATO,
EGGPLANT AND WATERMELON
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Moisture content for silage

The moisture values in the silage ranged from 66.63 to 73.5%, with T1
being the treatment with the highest humidity and T3 the lowest. There
were no significant differences between the treatments (1-2) and (3-4).
There were differences between the rest of the treatments. These
differences are marked by the percentage of cassava and potato used in
each of the treatments. These values were close to that of 72.24% of
other researchers [15] [16]. Although the results obtained in this
research are slightly higher than those considered acceptable values
between 60 to 65% [17]. This level of humidity is due to characteristics
of the raw materials, the watermelon present in all treatments,
increases humidity since it has 91% in its nutritional composition, which
could limit the intake of dry matter in some animals. The humidity
values in T1 and T2 could be due to the fact that the composition of
these treatments has the potato in a greater proportion and it could
have 80%, unlike cassava which has a humidity percentage of 60 to 65%.
The differences in humidity between the beginning of the process and
the end are very low, treatments one and two show a slight increase in
humidity due to the runoff of potato juices, since it is the raw material of
greater quantity in the mixture of these treatments, treatments three
and four are in an optimal humidity range.

Ash content for silage

Product data silage are among 1,07%, 1.16%, there was no significant
difference between the treatments, the results are in line with the
nutritional composition of the raw materials that are in greater
percentage in each of the treatments, as the pope reaches values raw
1.20% [18], while the cassava values of 1.3% [19]. The data from the
beginning of the process with those obtained at the end did not suffer
significant variations, since there are no losses of dry matter within the
process, there should also be no variation in the concentration of the
ashes [20]. These values were lower than those obtained in other
studies of a forage sorghum silage that reached 4.2%.

pH values for each silage treatment

A reduction in the pH values was observed compared to those at the
beginning, which suggests that the fermentation process was carried out
with total normality. The obtained pH values in the silages varied from
4.11 to 4.78, there were no significant differences between treatment 3-
4, but among the rest of them, these Data are similar to those obtained
by multiple works cited above.
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FIGURE 3: pH VALUES FOR EACH SILAGE TREATMENT
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The results obtained in the silage guarantee the quality in treatments
three and four. Treatments one and two handle very high pH that
together with the high humidity can favor the growth of undesirable
bacteria of the genus Clostridium. At pH equal to or less than 5,0 lactic
acid bacteria are the organisms predominant, converting the sugar into
lactic acid which inhibits microbial growth by increasing the amount of

acid lactate, the pH of the silage lower in to a level that inhibits the
presence of microorganisms that induce rot.

Titratable acidity values for each silage treatment

The acidity values ranged from 1.02% to 1.32%, There were significant
differences between the pairs related to treatment four, because this is
the one with the greatest variation in acidity, there are no significant
differences between the other treatments, the increase in acidity was
evidenced compared to the beginning of the process. Acidity is one of
the most important factors for the preservation of silage, the higher the
acidity the lower the microbial activity inside the silage mass. likewise,
the formation of lactic acid allows to improve the microbiological
stability since it restricts the growth of other bacteria that cause
decomposition.

FIGURE 4: TITRATABLE ACIDITY VALUES FOR EACH SILAGE TREATMENT
% Lactic acid
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Carbohydrate content for each silage treatment

The data obtained ranged from 19.92 to 23.54%, with T3 and T4 being
the treatments with the highest values. This is due to the initial
characteristics of the raw materials, which have high values of carbs in
your nutritional composition, the pope is between 18.7 % to 19.31%
carbohydrates, and cassava has about 35%, the contribution of
carbohydrates is used as substrates by microorganisms during
fermentation for the production of lactic acid, a minimum of 6 to 12% of
the soluble carbohydrates are required for the own silage fermentation
[21].

FIGURE 5: CARBOHYDRATE CONTENT FOR EACH SILAGE TREATMENT
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There are no significant differences between the treatments.
Treatments 1 and 2 have a higher concentration of potato, while
treatments 3 and 4 have a higher cassava content, these differences are
marked from the initial bromatological composition of the residues. The
results are similar to those obtained by Cerda and Manterola in 2018 in
their bean silage, which was 22.8%, this is due to the fact that the raw
materials used in this research have a high carbohydrate content. it is
important to remember that groups of microorganisms degrade sugars
and other soluble carbohydrates present in forages to produce lactic
acid. the degradation of the plant cells of the silage material generates
that the concentration of carbohydrates, fats and proteins can diffuse
out of the mass becoming nutrients for the large number of
microorganisms present.

Protein content for silage

The protein content in the final silage is in a range of 0.71 to 1.3%, there
are no significant differences between the treatments (2-4) and (3-4).
There are differences between the rest of the treatments. What values
reflect loss of protein during the process because during the
fermentation is no degradation of the proteins in the fodder and thus
have low quality, so there should be no variation in the concentration of
protein of a good silage, however, the possibility exists that part of the
protein true become another type of nitrogen compounds such as
ammonium product of the first phase of fermentation in the silage [22].
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Fiber content for silage

The values of fiber ranged between 4,44 and 7,31%, there were no
significant differences between the treatment (1-2), while there were no
significant differences between the other treatments, being better to
the treatment three, this is due to the fact that in this treatment the
concentration of cassava is higher than in the other, because cassava has
a percentage of fibre 1.44% [19], higher than that of the pope, which
would explain the differences between the treatments, it can also be
attributed to that the goods are not removed the shell which increased
the values of fiber in the silage. The values obtained for fiber are higher
than those reported by other studies with values between 1.74 and
2.88% [23] and from 2.84 to 6.23% [24] in Colombia and Cuba
respectively.

Microbiological analysis for silage

The microbiological results show the considerable decrease of the
microbial load in the evaluated parameters of molds and yeasts are less
than 3 x 103 cfu/gr, mesophilic aerobes below 1 x 102 cfu/gr and
negative for total Coliforms, fecal coliforms and Escherichia coli. The
above verifies that the fermentation process to obtain the silage was
carried out properly and is a safe method in the reduction or elimination
of undesirable microorganisms [25] [26].

Recommended Waste Composition for Silage Intended for Animal Feed

According to the results found at the end of the silage process, after the
study of the statistical analysis and the technical regulations issued
according to the Colombian Agricultural Institute - ICA in 1999, three of
the treatments (Treatments two, three and four) have characteristics of
a good silage, treatment number three is chosen as recommended
composition: potato 25%, cassava 70%, eggplant 3%, watermelon 2%
and 0.4% molasses. This treatment, with the pH level characteristic of a
good silage (4.15), as demonstrated by the production of lactic-acid
bacteria, which prevent the development of other fermentations and
ensure the conservation, their levels of carbohydrates (23.54%), proteins
(1.30%), and fiber (7.31%), demonstrate statistical superiority in the
analysis of multiple ranges of each of the parameters of analysis.

Likewise, it is necessary for its implantation to be done in accordance to
the principles of discussion, collaborative participation, respect and
critical thinking by the various disciplines of the institution. For its
application, an initial diagnostic phase is proposed, then a design and
planning phase, an execution phase and, finally, an evaluation and
feedback phase.
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4. CONCLUSION

Three of the four alternatives for the elaboration of a silage are viable,
the process takes place under normal conditions reported by other
antecedents. The pH values during fermentation show that lactic
fermentation is carried out under optimal conditions for the growth of
lactic acid bacteria.

Treatments two, three and four are the best results. In the moisture
factor, adequate stabilization was not achieved in the silos, which may
be due to the characteristics of the raw materials used.

The production of lactic acid achieved in all treatments an excellent
inhibition of undesirable microorganisms, which is favorable for the final
characteristics of the silage and its conservation over time, the
treatments that contained a higher percentage of cassava showed
better values in fibers, carbohydrates and protein.

While the silages that contained the highest concentration of potato
were those that presented the highest concentration of moisture in the
end.

The fiber values are high due to the inclusion of the shells of the raw
materials used. Likewise, the percentage of carbohydrates was high, due
to the characteristics of the raw materials used, especially cassava.
Microbiological analyses showed a large reduction in the initial amount,
as well as inhibition of coliforms and E. coli, found at the beginning of
the process.

The recommended composition is treatment 3 since it presented the
best results in the parameters analyzed in this research, however, only
T1 can be ruled out due to its high moisture content and the pH values
obtained, the other treatments also have significant nutritional
characteristics and comply with a correct fermentation.

It was possible to evaluate the composition, physico-chemical and
microbiological of a silage obtained from mixtures of residues of cassava
(M. esculenta), potato (S. tuberosum), eggplant (S. melongena), and
watermelon (C. lanatus), generated in supermarkets, these residues
have nutritional characteristics that ensure the process of silage, due to
its high content of carbohydrates, necessary for optimal fermentation,
the addition of molasses was necessary to ensure the fermentation
inside the silo and not run the risk of the development of other
fermentations.

The above results demonstrate the opportunity to reduce the pollution
caused in the environment by the waste for the manufacturing of a
silage that contribute to the feeding of cattle and serve as a basis to
develop in-depth other works in favor of the livestock sector of the
Department of Cesar by having an accurate information of the
composition, physico-chemical and microbiological of this potential food
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item which will allow to raise future research projects and advance
knowledge in the field in order to produce silages specific trade for each
animal species, providing producers with a feeding option.

According to the results shown, silage is the best option for the use of
these types of waste since it allows its reuse as animal feed and provides
producers with an opportunity to reduce the high cost of food supply in
the animal production process. Likewise, this work serves as a basis to
propose a strategy that can reduce the pollution caused in the
environment by these food residues, not only in stores, markets or
supermarkets, it can also be implemented in homes in order to collect
and use on a large scale for animal feed, providing producers with a food
supplement option.

ACKNOWLEDGEMENTS

To the research group Creating Sciences of the Agroindustrial
Engineering program of the Popular University of Cesar, professors and
students who participated in this work. To the supermarkets for allowing
the use of waste and providing key information to understand the
importance of carrying out this research.

Bibliography

[1] United Nations. International Day of Awareness on Food Loss and Waste
Reduction 29 September. Stop Food Loss and waste, for the people, for
the panet. 2021. Available from:
https://www.un.org/en/observances/end-food-waste-day

[2] FAO. Pérdidas y desperdicio de alimentos en el mundo - Alcance, causas y
prevencion. Roma. 2012. Available from:
https://www.fao.org/3/i2697s/i2697s.pdf

[3] REVISTA SEMANA. Consumo Responsable. Gastronomia sin desperdicios,
un nuevo modelo de gestion de restaurantes en Colombia. Semana
SOSTENIBLE. 2017. Available from:
https://sostenibilidad.semana.com/actualidad/articulo/gastronomia-sin-
desperdicios-un-nuevo-modelo-de-gestion-de-restaurantes-en-
colombia/39112

[4] DNP - Departamento Nacional de Planeacion. Pérdida y Desperdicio de
Alimentos en Colombia. Estudio de la Direccion de Seguimiento vy
Evaluacidn de Politicas Publicas. 2016. Available  from:
https://sinergia.dnp.gov.co/Documentos%20de%20Interes/Perdida_y_Des
perdicio_de_Alimentos_en_colombia.pdf

[5] G. Borreani, E. Tabacco, R.J. Schmidt, B.J. Holmes, R.E. Muck, Silage review:
Factors affecting dry matter and quality losses in silages, Journal of Dairy
Science, Volume 101, Issue 5. Pages 3952-3979,ISSN 0022-0302, 2018.
Available from: https://doi.org/10.3168/jds.2017-13837 .

[6] J.J. Romero, Y. Zhao, M.A. Balseca-Paredes, F. Tiezzi, E. Gutierrez-
Rodriguez, M.S. Castillo. Laboratory silo type and inoculation effects on
nutritional composition, fermentation, and bacterial and fungal
communities of oat silage. Journal of Dairy Science.Volume 100, Issue 3.

2636



Journal of Namibian Studies, 33 $2(2023): 2625-2638 ISSN: 2197-5523 (online)

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

2017. Pages 1812-1828. ISSN 0022-0302. 2017 Available from:
https://doi.org/10.3168/jds.2016-11642

Xiong, Y.; Guo, C.; Wang, L.; Chen, F.; Dong, X,; Li, X.; Ni, K.; Yang, F. Effects
of Paper Mulberry Silage on the Growth Performance, Rumen Microbiota
and Muscle Fatty Acid Composition in Hu Lambs. Fermentation, 7, 286.
2021. https://doi.org/10.3390/fermentation7040286

J. Hurtado de Barrera, Metodologia de la investigacidn Guia para una
comprensién holistica de la ciencia, 4th ed. Bogota - Caracas: SYPAL -
QUIRON EDICIONES, 2012.

C. Fernandez-Collado, P. Baptista-lucio R. Hernandez-Sampieri,
Metodologia de la Investigacion, 6th ed. México: McGraw-Hill., 2014.
Association of Official Analytical Chemists — AOAC. Official methods of the
Association of the Agricultural Chemistry (Vol. 2, 17th ed.). Washington:
AOAC. 2000.

J.K. Wilson, H.J. Webb, Water Soluble Carbohydrates in Forage Crops and
Their Relation to the Production of Silage. Journal of Dairy Science.Volume
20, Issue 5. 1937. Pages  247-263, ISSN 0022-0302.
https://doi.org/10.3168/jds.50022-0302(37)95693-5.

CARDOSO, Lafaiete Almeida et al. Small scale market survey on the
preparation and physico-chemical characterstics of moin-moin: a
traditional ready-to-eat cowpea food from Brazil. Food Science and
Technology. v. 42. 2021. Available from: https://doi.org/10.1590/fst.59920
M. Moyo, Robin et al. Nutritional quality of wet distillers’ grains co—ensiled
with whole—plant maize and its feeding value for lambs. Scientia Agricola
[online].,, v. 79, ISSN 1678-992X. 2021. Available from:
https://doi.org/10.1590/1678-992X-2020-0122 .

S.J.W.H. Oude Elferink y F. Driehuis; J.C. Gottschal y S.F. Spoelstra. Los
procesos de fermentacion del ensilaje y su manipulacién. ESTUDIO
FAO.PRODUCCION Y PROTECCION VEGETAL161. Memorias de la
Conferencia Electrdnica de la FAO sobre el Ensilaje en los Trépicos 1. 1999.
Available from: https://www.fao.org/3/X84865/x8486s04.htm

P. R. Bartolo Garcia. Reutilizacidon de los residuos orgéanicos del comedor
universitario UNT en la alimentacion del ganado porcino. Truijillo:
Universidad Nacional de Trujillo. 2014. Available  from:
https://dspace.unitru.edu.pe/bitstream/handle/UNITRU/8990/BartoloGar
cia_P.pdf?sequence=1&isAllowed=y

RAMIREZ N., Viviana Marcela; PENUELA S., Lina Maria; PEREZ R., Maria Del
Rocio. Los residuos organicos como alternativa para la alimentacion en
porcinos. Rev. Cienc. Agr., San Juan de Pasto, v. 34, n. 2, p. 107-124, July
2017 . Available from:
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=50120-
01352017000200009&Ing=en&nrm=iso
https://doi.org/10.22267/rcia.173402.76.

Castillo Jiménez, Marianela , y Rojas-Bourrilléon, Augusto , y WingChing-
Jones, Rodolfo , y "VALOR NUTRICIONAL DEL ENSILAJE DE MAIzZ
CULTIVADO EN ASOCIO CON VIGNA (Vigna radiata)." Agronomia
Costarricense, vol. 33, no. 1, pp.133-146. Redalyc, 2009.
https://www.redalyc.org/articulo.oa?id=43612054012

Suarez, P., y Rodriguez, E. M., y Diaz, C, y "Cambios en el valor nutritivo de
patatas durante distintos tratamientos culinarios." Ciencia y Tecnologia

2637



Journal of Namibian Studies, 33 $2(2023): 2625-2638 ISSN: 2197-5523 (online)

(19]

(20]

[21]

[22]

(23]

(24]

[25]

[26]

Alimentaria, vol. 4, no. 4, 2004, pp.257-261. Redalyc,
https://www.redalyc.org/articulo.oa?id=72440405

J. L. Gil-Llanos. Uso de la yuca en alimentacién animal. Palmira: Clayuca.
2015. Available from:
http://www.clayuca.org/sitio/images/publicaciones/cartilla_modulo_3_yu
ca_alimentacion_animal.pdf

Villa, Andrés F, Meléndez, Adelina P, Carulla, Juan E, Pabén, Martha L, &
Cardenas, Edgar A. Estudio microbioldgico y calidad nutricional del ensilaje
de maiz en dos ecorregiones de Colombia. Revista Colombiana de Ciencias
Pecuarias, 23(1), 65-77. 2010.Available from:
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=50120-
06902010000100008&Ing=en&tIing=es

Apraez Guerrero J. E., Insuasty Santacruz E. G., Portilla Melo J. E., y
Hernandez-Vallejo W. A., Composicidn nutritiva y aceptabilidad del
ensilaje de avena forrajera (Avena sativa), enriquecido con arbustivas:
acacia (Acacia decurrens), chilca (Braccharis latifolia) y sauco (Sambucus
nigra) en ovinos», vetzootec, vol. 6, n.2 1, pp. 25-35, jun. 2012. Available
from:
https://revistasojs.ucaldas.edu.co/index.php/vetzootec/article/view/4418
Herrara, A. A., & Mairena, D. J. Calidad bromatoldgica, organolépticas y ph
en ensilaje de pasto cubano (pennisetum  purpureum X
pennisetumtyphoides) cv. Ct-115 bajo el efecto de cuatro aditivos
utilizados en la conservacion de forraje en la finca santa rosa, sabana
grande, managua. Managua, Nicaragua : Tesis de grado. 2014. Available
from: https://repositorio.una.edu.ni/2748/

Trillos, G. L., Plata, O. L., Mestre, A. T., & Araujo, G. A. Analisis fisico-
guimicos de los contenidos ruminales frescos y ensilados de bovinos
sacrificados en el Valle del César. Valledupar, Cesar.: Universidad Popular
del Cesar. 2006.

Valle, S., y Rodriguez, R., y Flores, L., y Ly, J., y Caicedo, W., y Ferreira,
F.N.A., y Lezcano, P., y "Composicién quimica y digestibilidad in vitro de
ensilados de tubérculos de papa china (Colocasia esculenta (L.) Schott)
destinados a la alimentacion de cerdos." Revista Cubana de Ciencia
Agricola, vol. 49, no. 1, pp.59-64. Redalyc, 2015.
https://www.redalyc.org/articulo.0a?id=193036208010

Machin, D. H. El uso potencial del ensilaje para la produccién animal en la
zona tropical, especialmente como una opciéon para los pequeios
campesinos. Chippenham, Wiltshire, England. 1999. Available from:
https://agris.fao.org/agris-search/search.do?recordID=XF2003410903
Castillo Garcia W. E., Sanchez Suarez H. A., Ochoa Mogollén G. M.
Evaluacidn del ensilado de residuos de pescado y de cabeza de langostino
fermentado con Lactobacillus fermentus aislado de cerdo. Rev. investig.
vet. Pera. 2019. Available from:
http://dev.scielo.org.pe/scielo.php?script=sci_arttext&pid=51609-
91172019000400007&Ing=es
http://dx.doi.org/10.15381/rivep.v30i4.17165

2638



