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ABSTRACT

Background: Silvopastoral systems (SPS) improve the quality of cow's milk. Aim. To evaluate
the effect of SPS on milk compositional quality and the correction of abnormal milk syndrome
(AMS) under the production conditions of the Andean region of Ecuador. Methods:
Agroecosystems (AES) 1 and 2 contained pastures and trees; Alnus and Acacia, respectively;
AES 3 contained pastures only. A total of 35 milk mixes were taken from each AES, and milk
composition was determined, along with a diagnosis for AMS. The effect of the year and AES
was determined using a multifactorial ANOVA with interaction and the Bonferroni test to
compare means by year and its interaction with AES, and the Duncan test according to AES.
Results: In AES 1 and AES 2, AMS was not diagnosed, whereas in AES 3, AMS was diagnosed
in 33.33% to 78.57% of samples. The percentage of fat, cryoscopic point, and milk density were
higher (p<0.05) in AES 1 and AES 2. Protein and non-fat solids were higher in the third year and
in AES 1 and AES 2 with AES and year interaction. Conclusion: In AES 3, without trees, over
the three years of study, more than 30% of milk samples were diagnosed with AMS, whereas in
AES 1 and AES 2, AMS was not diagnosed.

Keywords: agroecosystems, milk, cow, fat percentage, density, cryoscopic point (Source:
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INTRODUCTION

Abnormal Milk Syndrome (AMS) is a set of alterations in the physicochemical properties of
milk, which cause disturbances in the processing of dairy products, their yields, and their final
quality (Ponce, 2009; Romero, 2012).

AMS is associated with physiological, metabolic, and/or nutritional disorders, including poor
body condition, metabolic acidosis, and low ruminal pH, which affect the mechanisms of milk
synthesis and secretion at the mammary gland level (Hernandez and Ponce, 2005; Ponce, 2009).
These disorders were diagnosed in dairy herds with mineral, protein, and energy deficiencies; in
Cuba (Garcia-Diaz et al., 2011) and in Ecuador (Balarezo et al., 2020; 2021).

In the municipality of Pupiales, department of Narifio, Colombia, 48% of the 25 milk samples
analyzed presented AMS criteria. The cows in these herds consumed 1 kg/cow/day of Italcol
concentrate, water at will, 160 g of mineralized salt at 17%, but very little (Romero, 2012).

Another factor that favors AMS occurrence is heat stress, which causes a decrease in cell
efficiency and blood flow to the udder, with low water availability for milk synthesis and reduced
production and alteration of the total solids in milk (Ponce, 2009).

According to Lopez et al. (2017), to reduce heat stress and simultaneously increase the forage
supply in animal feed, farmers incorporate trees into their pastures and promote silvopastoral
systems (SPS). This practice reduces metabolic acidosis and weight loss in animals; cows
maintain milk production levels and milk quality (Sanchez et al., 2018).

SPS have a positive impact because animal performance is better due to the higher and better
quality of food, plant performance is high due to the availability of nutrients in the soil from
better moisture retention and shade (Murgueitio et al., 2014). There is also a greater amount of
macro and microfauna in the soil, capable of degrading organic matter, mineralizing it and
making it available for plant species that interact in the system (Silverman et al., 2015).

Milk quality and composition depend on the origin or the way the animals' feed is managed. In
SPS, milk is of higher quality, richer in essential fatty acids, vitamins, and beneficial antioxidants
compared to supplemented and housed animals (Murgueitio et al., 2016).

Despite the advantages of SPS, they are still not widespread in the Latin American region; mainly
due to low knowledge of the technologies and lack of appropriate policies to stimulate the
implementation of sustainable production systems in dairy farms (Chara et al., 2017), as well as
the lack of conclusive scientific information about the effect of SPS on milk compositional
quality and AMS correction.
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The purpose of this experiment was to evaluate the effect of SPS on milk compositional quality
and AMS correction in the production conditions of the Andean region of Ecuador.

MATERIALS AND METHODS

Time-space frame

The experiment was conducted in dairy herds between 2020 and 2022 in the "EI Carmelo” parish,
Tulcén canton, Carchi province, Ecuador. It is located in the hydrographic area 230, from 0° 39'
33" N and 77° 36' 20" W to 0° 38' 55" N and 77° 36' 25" W, with an altitude ranging from 2916 to
3006 meters above sea level. (INAMHI, 2023).

The research scenario covers 54.4 hectares. The soil is of the Andisol order, with organic matter
ranging from 10 to 25%, pH between 5.5 and 6.5, water retention between 20 and 100%, and
effective depth between 20 and 70 cm. The relief has slopes ranging from 10 to 40%; soil organic
carbon between 15 and 25%, cation exchange capacity between 15 and 25 meq 100 g of soil.
Calcium predominates in the exchange complex, and nitrogen varies from medium to high values
(Franco, 2016). The main limitation of soils in the Andean region of Ecuador is acidity (Calva
and Espinosa, 2017).

Precipitation ranged between 892.50 and 1317.50 mm, and the average, maximum, and minimum
temperatures during the study were 12.12, 16.49, and 8.06 °C, respectively (INAMHI, 2023).

Characteristics of Agroecosystems (AES)

Three AES were implemented in a completely randomized experimental design. The
predominant grasses in the three AES were: Kikuyo (Pennisetum clandestinum L.), Ryegrass
(Lolium perenne L.), Holcus (Holcus lanatus L.), and White Clover (Trifolium repens L.). AES 1
and 2 contained grasses and trees; Alnus acuminata H.B.K (Alder) in AES 1, and Acacia
melanoxylon R.Br. (Acacia) in AES 2.

AES 3 contained only grasses and was considered the control. The trees in AES 1 and AES 2
were established in December 2019, with a planting density of 1000 trees ha, in double rows,
with a spacing of two meters, following the contour lines. To protect the young trees from
damage caused by the cows, double electric fences were established, which also served to divide
the paddocks.

Restricted time grazing was used for 18 hours a day. No protein-energy concentrate was
administered, but mineral salts were supplemented orally ad libitum. The cows were milked
mechanically twice a day, from 5:00 — 7:00 am and 3:00 — 5:00 pm. Artificial rearing of the calf
was employed starting from the third day of birth.

Experimental design
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Between 9 and 12 cows were assigned randomly per AES, from a total of 29 and 34 animals. The
animals met the following criteria: Holstein cows aged between three and four years, with a body
condition score at calving (BCC) between 3.0 and 4.0 points on a five-point scale, were in the
third and fourth lactation with an average milk production of 10 + 2 L cow™ day?, clinically
healthy, and not receiving medical treatment.

Measurements
Health Status

The general health status was determined at the beginning and monitored throughout the study,
using the functional invariants of the clinical method (Cuesta et al., 2007). The animals were
dewormed and vaccinated according to the area's schedule.

Body condition

Body condition (BC) was estimated through physical examination of the animals, which included
inspection and palpation, classifying it on a scale of 1-5 points with divisions of 0.25 between
them according to the methodology proposed by French et al. (2020). Because there were few
animals in the AES studied, BC was determined only at the time of calving (BCC).

Determination of the Physicochemical Parameters of Milk

A total of 105 composite milk samples were taken, 35 from each AES (9 in the first year, 14 in
the second, and 12 in the third). They were obtained from the refrigerated bulk tanks of each
AES. The composition in fat, crude protein, non-fat solids, freezing point, and density was
determined using the EKOMILK BOND Ultrasonic Milk Analyzers (BULTH 2000, Bulgaria),
following the manufacturer's procedures. This equipment has an accuracy of + 0.1%, + 0.2%, +
0.2%, = 0.015 °C, and + 0.0005 g/cm for fat, non-fat solids (NFS), protein, freezing point, and
density, respectively.

Diagnosis of AMS

AMS was diagnosed according to the classification criteria of cow's milk established by Ponce
(2009).

Statistical processing

Descriptive statistics (DS) were calculated for all variables in the milk composition. The effect of
the year and AES on the milk components was determined using a multifactorial analysis of
variance (ANOVA) with interaction. The means of the components according to the year and its
interaction with AES were compared using the Bonferroni test (1936), and according to AES
using the Duncan test (1955).

Journal of Animal Prod., 36(3), https://apm.reduc.edu.cu/index.php/rpa/article/view/e159


https://apm.reduc.edu.cu/index.php/rpa/article/view/e159
http://www.eonbg.com/product/milk-analyzer-ekomilk-bond/
http://www.eonbg.com/product/milk-analyzer-ekomilk-bond/

Benavides Rosales, H.R., Noval-Atrtiles, E., Garcia-Diaz, J.R.

Statistical processing was done using the Statgraphics Centurion version XV. Il (Statistical
Graphic Corp., USA, 2006) package.

RESULTS AND DISCUSSION

Milk Composition

Table Table 1composition in the AES. According to the classification criteria of cow's milk
established by Ponce (2009) under production conditions in Cuba. However, these are common
for dairy farming and the dairy sector in other scenarios as they are based on milk quality criteria
and herd management and sanitary aspects (Hernandez and Ponce, 2005).

In AES 3, in the first year, the percentage of samples meeting AMS criteria based on fat and
density were 44.44 and 33.33%; in the second year, 78.57 and 42.86%, and in the third year 75
and 33.33%, respectively. The NFS compatible with AMS were 21.43% and 33.33% in the third
year. In AES 1 and AES 2, no milk samples compatible with AMS were detected.

Table 1. Milk composition (x+DS) and percentage of samples meeting AMS criteria in the three
AES and years studied

Indicators Lcs __AES1(n=9) _ AES2(n=9) __AES3(n=9)
x+SD | CAMS, x+SD | CAMS, x+SD | CAMS,
First year
Fat (g%) 353 | 3.85-0.19 0.00 4.04 +0.07 0.00 352+0.14 | 44.44
CP (g%) 2.90 323+ 0.00 3.27 £ 0.04 0.00 3.28+0.06 0.00
NFS (g%) 8.15 8.45 + 0.00 8.57 +0.17 0.00 8.66 + 0.16 0.00
Freezing Point (m 540 57119+ 0.00 573.22 + 0.00 569.39 £ 0.00
Density (g cm3?) 1.028 | 1.030% 0.00 1.029 + 11.11 1.028 + 33.33
Second year

AES 1 (n=14) AES 2 (n=14) AES 3 (n=14)
Fat (9%) 3.53 4.06 + 0.00 4.11+0.20 0.00 349+0.15 | 7857
CP (g%) 2.90 329+ 0.00 3.27 £0.02 0.00 3.19+0.01 0.00
NFS (g%) 8.15 8.65 + 0.00 8.58 + 0.07 0.00 8.36+0.18 | 21.43
Freezing Point (m 540 579.14 + 0.00 574.82 + 0.00 570.39 + 0.00
Density (g cm3?) 1.028 | 1.030+ 0.00 1.030 + 0.00 1.028 + 42.86

Third year

AES 1 (n=12) AES 2 (n=12) AES 3 (n=12)
Fat (9%) 3.53 4.04 = 0.00 4.01+0.15 0.00 3.50 + 0.07 75.00
CP (g%) 2.90 3.36 + 0.00 3.31+0.03 0.00 3.22+0.03 0.00
NFS (g%) 8.15 8.88 + 0.00 8.68 + 0.10 0.00 8.11+0.34 | 33.33
Freezing Point (m 540 576.86 + 0.00 576. 47 + 0.00 565.37 + 0.00
Density (g cm3?) 1.028 1.031 + 0.00 1.030 + 0.00 1.028 + 33.33

Legend: LCS: Limit for AMS criteria (Ponce, 2009). C AMS, % Percentage of samples meeting AMS criteria.
CP: Crude protein NFS: Non-fat solids. AES: Agroecosystem.
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Although AMS is established by the occurrence of alterations in most milk components and not
because one or only some of them are altered (Hernandez and Ponce, 2005; Ponce, 2009), the
results of this investigation indicate that there is AMS presence in AES 3, where there are
objective conditions that can provoke it.

In AES 3, the average BCC of the cows was below three, which limits the energy available for
mammary epithelial tissue and affects the synthesis and secretion of milk components, primarily
casein, lactose, and the main implicated macrominerals, mainly phosphorus and magnesium
(Ponce, 2009).

Additionally, the nutrient balances showed that in AES 3, there is a negative energy balance and
a higher CP excess, which increases blood urea nitrogen (BUN) (Balarezo et al., 2020; 2021).
This leads to a rise in milk urea nitrogen (MUN) and increases AMS cases (Ponce, 2009).

Correction of AMS with SPS

Table 2 shows the comparison of means for the percentage of fat, freezing point, and milk density
according to AES and year. Note that the three indicators were higher (p<0.05) in AES 1 and
AES 2 compared to AES 3. No differences (p<0.05) in quality indicators were observed
concerning the study year.

Table 2. Comparison of means of fat, freezing point, and milk density according to AES and years

n ‘ Fat (g%) ‘ Freezing point (m °C) ‘ Density (g cm®)
AES
X X X
AES 1 35 3.992 575.73¢2 1.032
AES 2 35 4.052 574.83% 1.029?
AES 3 35 3.50P 568.38° 1.028°
+ SE 0.02 0.19 0.00013
Year
X£SE X£SE X+SE
1 27 3.80+0.03? 571.27+1.342 1.02+ 0.00?
2 42 3.89+0.022 574.78+1.07° 1.02+ 0.00?
3 36 3.85+0.022 572.90+1.16° 1.02+ 0.00?

abDifferent letters in the superscripts of each variable in the same column within each source of variation
indicate significant differences * p<0.05; Duncan, (1955). AES: Agroecosystem.

Protein and NFS (

Table 3) were higher in the third year and in AES 1 and AES 2 with AES and year interaction,
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showing that the parameters were higher in these AES in the second and third years when AES 1
and AES 2 were more consolidated.

Table 3. Comparison of protein and non-fat solids (x+SE) of milk mixtures from the three AES and

study years
AES n Protein (g%) NFS (g%)
X+SE X+SE

AES
AES 1 35 3.30+0.0062 8.66+0.034°
AES 2 35 3.29+0.0062 8.61+0.034°
AES 3 35 3.23+0.006° 8.38+0.034°

Year
1 27 3.26+0.007° 8.56+0.038?
2 42 3.25+0.005° 8.53+0.030°
3 36 3.30+0.0062 8.56+0.033%

Year-AES interaction
AES Year n X+SE X+SE

1 9 3.23+0.012¢% 8.45+0.066"°
1 2 14 3.29+0.010° 8.65+0.053%
3 12 3.36+0.0112 8.88+0.0572
1 9 3.27+0.0120cd 8.57+0.066%
2 2 14 3.27+0.010bcd 8.58+0.053b¢
3 12 3.31+0.011° 8.68+0.057%
1 9 3.28+0.012" 8.66+0.066%
3 2 14 3.19+0.010¢ 8.36+0.053¢
3 12 3.22+0.011% 8.11+0.057¢

abDifferent letters in the superscripts of each variable in the same column within each source of variation
indicate significant differences * p<0.05; (Bonferroni, (1936) for year and year-AES interaction, and Duncan,
(1955) for AES). AES: Agroecosystem.

AMS can be corrected with formulations of additives capable of stabilizing and activating
ruminal function and general metabolism; additionally, with the inclusion of adequate fiber levels
in the diet (Ponce, 2009).

Accordingly, the implementation of SPS in AES 1 and AES 2 allows cows to consume fibrous
foods that prevent ruminal and metabolic acidosis; thus, they constitute a proposal to partially
solve AMS and a scientific contribution of this research for these production conditions, opening
a new field of study for future research.

The results of this work indicate that milk production with cows in SPS with Acacia and Alder
modified the percentages of fat and NFS, and milk density, corroborating what was published by
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other authors who found a positive effect of multi-associated systems of trees and grasses on milk
compositional quality (Hernandez and Ponce, 2005; Ponce, 2009).

However, they differ from what was published by Jordan et al. (1995), who supplied Leucaena
leucocephala with consumption levels exceeding 50% of the ration and observed no
modifications in the percentage of fat, crude protein, and total solids in the milk. The difference
may be motivated by the different tree species, the percentage of consumption established and
fixed in the consulted work; additionally, in this research, the animals were fed at will.

Fat, protein, and NSF milk values in AES 2 are higher than those published in Holstein cows in
Narifio, Colombia, fed with a ration containing 28.8% Acacia meal; the values of these indicators
were 2.83 g%, 2.75 g%, and 7.75 g%, respectively (Jaramillo and Jiménez, 2000). The lack of
correspondence may be motivated because in the consulted work the animals consumed flour
with very fine particles, which can decrease propionate production, leading to decreased lactic
acid and glucose levels. This stimulates insulin production, which reduces the release of fatty
acids and consequently, reduces the fat percentage in milk (Suarez, 2020).

The lower fat milk percentage in AES 3 may be motivated by the cows consuming less fiber,
resulting in shorter rumination time and saliva production, which decreases rumen pH and
volatile fatty acids production, affecting the milk fat percentage. The decrease in rumen pH also
reduces crude protein in the diet (Ponce, 2009).

Additionally, SPS reduces cows' body temperature by about 3 to 5 °C, so heat stress and its
effects can be mitigated with multi-associated systems of trees and grasses (Murgueitio et al.,
2016). However, since this research was conducted in a cold climate, heat stress should not have
caused differences in fat, protein, non-fat solids, freezing point, and density content (Navas,
2010; Murgueitio et al., 2014).

The differences in dairy components can be explained by dietary changes that originate with SPS,
considering that the most important factor influencing the compositional quality of milk is
nutrition (Bajramaj et al., 2017; Suérez, 2020). AES 1 and AES 2 improve the quality and
nutrient supply in the diet, providing more precursors for milk fatty acids, protein, and total solids
compared to AES 3.

Moreover, in SPS, animals can better utilize forage mixtures and increase their intake, thus
obtaining a greater quantity of higher-quality nutrients (Murgueitio et al., 2016). In some studies
with dairy cows consuming SPS pastures, changes were found in the nutrient content of milk,
particularly fat, protein, non-fat solids, and total solids (Hernandez and Ponce 2004; Urbano et
al., 2006).
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The results of this research are consistent with those obtained in the Colombian Amazon foothills
with intensive SPS with Tithonia diversifolia, which increased (p < 0.05) milk production, NFS,
and total solids per animal per day (Rivera et al., 2015).

Higher crude milk protein levels in AES 1 may be caused by an excess of CP and energy deficit
in the herd diet, consequently increasing BUN and MUN in cows. In diets with these
characteristics, the capacity of rumen microorganisms to use NHs that reaches the liver via the
bloodstream is saturated, where this organ converts it into urea, so NH3 excesses lead to BUN
and MUN rises (Correa and Cuéllar, 2004; Butler, 2013).

Although milk protein content is not very sensitive to variations in food quality within certain
ranges, 76% of the nitrogen in milk is found in its proteins, mainly caseins, 18% in whey
proteins, and 6% in non-protein nitrogen (Hernandez and Ponce, 2004). Therefore, any MUN rise
leads to increases in milk proteins; however, in this research, the opposite effect occurs, as AES 3
has lower protein content in the milk, an aspect that should be studied in depth.

The NFS levels (Table 3) are higher (p < 0.05) in AES 1 and AES 2 compared to AES 3. A
similar situation was demonstrated in Holstein, Siboney de Cuba, and Holstein x Zebu crossbred
cows under Cuban production conditions, where NFS levels were higher in herds maintained in
SPS with Leucaena leucocephala compared to those fed on grasses, mainly star grass (Ponce,
2009).

AMS can be corrected with the inclusion of adequate fiber levels in the diet (Ponce, 2009). In this
regard, the implementation of SPS in AES 1 and AES 2 allowed cows to consume fibrous foods
that prevent ruminal and metabolic acidosis and increase BCC, thus constituting a proposal to
partially solve AMS and a scientific contribution of this research for these production conditions,
opening a new field of study for future research.

CONCLUSION

SPS including Acacia and Alnus trees, in the conditions of the Andean region of Ecuador,
improved milk composition quality, while none of the milk samples were compatible with AMS;
whereas in agroecosystems without trees, more than 40% of them met AMS criteria.

REFERENCES

Bajramaj, D.L., Curtis, R.V., Kim, J.J., Correding, M., Doelman, J., Wright, T.C., & Cant, J. P.
(2017). Addition of glycerol to lactating cow diets stimulates dry matter intake and milk
protein yield to a greater extent than addition of corn grain. Journal of dairy science,
100(8). 6139-6150. https://doi.org/10.3168/jds.2016-12380

Journal of Animal Prod., 36(3),


https://doi.org/10.3168/jds.2016-12380

Effect of Silvopastoral Systems on the Correction of the Abnormal Milk Syndrome in Ecuador

Balarezo, L.R., Garcia-Diaz, J.R., & Noval-Atrtiles. E. (2020). Condicién corporal y reinicio de la
actividad ovarica posparto en vacas Holstein en Ecuador. Rev. MVZ Cdérdoba, 25(3):
e1859. https://doi.org/10.21897/rmvz.1859

Balarezo-Urresta, L. R, Noval-Artiles E., & Garcia-Diaz, J.R. (2021). Energy-mineral
supplementation during the gestation-lactation transition period in Holstein cows. Cuban
J. Agric. Sci., 5(2), 1-11. https://cjascience.com/index.php/CJAS/article/view/1008

Bonferroni, C.E. (1936). Teoria estadistica de clases y calculo de probabilidades. Publicaciones
del Instituto Superior de Ciencias Econdémicas y Comerciales de Florencia, 8, 3-62.
https://fastercapital.com/es/palabra-clave/correccion-bonferroni.html

Butler, R.W. (2013). Metabolic and reproductive interactions in dry and transition dairy cows.
Conference Paper. Cornell University.
https://www.researchgate.net/publication/270881177

Calva, Carmen., &Espinosa, J. (2017). Efecto de la aplicacidon de cuatro materiales de encalado
en control de la acidez de un suelo de Loreto, Orellana. Siembra, 4(1), 110-1220.
https://doi.org/10.29166/siembra.v4i1.505

Chard, J., Rivera, JE., Barahona, R., Murgueitio, E., Deblitz, C., Reyes, E., Mauricio, R., Molina,
J., Flores, M., & Zuluaga A. 2017. Intensive silvopastoral systems: economics and
contribution to climate change mitigation and public policies. In: Integrating Landscapes:
Agroforestry for Biodiversity Conservation and Food Sovereignty: Springer, Cham, 12,
395-416. https://link.springer.com/chapter/10.1007/978-3-319-69371-2_16

Correa, H.J., & Cuéllar, A.E. (2004). Aspectos clave del ciclo de la urea con relacion al
metabolismo energético y proteico en vacas lactantes. Revista Colombiana de Ciencias
Pecuarias, 17(2), 29-38.
https://www.cabidigitallibrary.org/doi/full/10.5555/20043196520

Cuesta, M., Montejo, E., & Duvergel, J. (2007). Medicina Interna Veterinaria. Tomos I y Il. La
Habana: Editorial Félix Varela. Ministerio de Educacion Superior. Tomo I, 2, 978-959.
https://isbn.cloud/9789590704970/medicina-interna-veterinaria-tomo-i/

Duncan, D.B. (1955). Multiple range and multiple F tests. International Biometric Society, 11(1),
1-42. http://dx.doi.org/10.2307/3001478

Franco W. (2016). Suelos Volcéanicos y Riesgos y Oportunidades del Desarrollo Agricola
Sostenible en el Canton Huaca del Carchi, Ecuador.
https://www.researchgate.net/publication/303496805

French, J., Wright, T., & Mongeon, M. (2020). Body Condition Scoring of Dairy Cattle.

Journal of Animal Prod., 36(3), https://apm.reduc.edu.cu/index.php/rpa/article/view/e159


https://apm.reduc.edu.cu/index.php/rpa/article/view/e159
https://doi.org/10.21897/rmvz.1859
https://cjascience.com/index.php/CJAS/article/view/1008
https://fastercapital.com/es/palabra-clave/correccion-bonferroni.html
https://www.researchgate.net/publication/270881177
https://doi.org/10.29166/siembra.v4i1.505
https://link.springer.com/chapter/10.1007/978-3-319-69371-2_16
https://www.cabidigitallibrary.org/doi/full/10.5555/20043196520
https://isbn.cloud/9789590704970/medicina-interna-veterinaria-tomo-i/
http://dx.doi.org/10.2307/3001478
https://www.researchgate.net/publication/303496805

Benavides Rosales, H.R., Noval-Atrtiles, E., Garcia-Diaz, J.R.

OMAFRA Factsheet. #20-011 AGDEX 414/20, 1-4.
https://www.publications.gov.on.ca/store/20170501121/Free Download Files/300234.pd
f

Garcia-Diaz, J.R., Cuesta Mazorra, M., Silveira-Prado, E.A., Quifiones-Ramos, R., Hernandez-
Barreto, M.A., & Mollineda-Trujillo, A. (2011). Desequilibrios metabdlicos con especial
referencia a las carenciales de  minerales asociadas a  problemas
reproductivos en vacas lecheras de Cuba. REDVET Rev. electron. vet., 12(12).
ttps://www.veterinaria.org/revistas/redvet/n121211/1211101.pdf

Hernandez, R., & Ponce, P. (2005). Efecto de tres tipos de dieta sobre la aparicion de trastornos
metabolicos y su relacion con alteraciones en la composicion de la leche en vacas
Holstein Friesian. Zootecnia Tropical, 23(3), 295-310.
https://ve.scielo.org/scielo.php?script=sci_arttext&pid=S0798-72692005000300005

Herndndez, R., & Ponce, P. (2004). Efecto del silvopastoreo como sistema sostenible de
explotacion bovina sobre la composicion de la leche. Livestock Research for Rural
Development, 16 (6): 15-22. https://www.lrrd.cipav.org.co/Irrd16/6/hern16043.htm

Ibrahim, M., Villanueva, C., Casasola, F., & Rojas, J. (2006). Sistemas silvopastoriles como una
herramienta para el mejoramiento de la productividad y restauracion de la integridad
ecolégica de paisajes ganaderos. Pastos y Forrajes, 29(4), 383-419.
https://www.redalyc.org/articulo.0a?id=269121676004

INAMHI, (2023). Instituto Nacional de Meteorologia e Hidrografia. Datos meteoroldgicos de la
estacion meteorologica de Chalpatan, Carchi, Ecuador. https://www.inamhi.gob.ec.

Jaramillo, Yolanda M., & Jiménez, Jeny N. (2000). Evaluacion nutricional de tres especies de
arboles forrajeros en la alimentacion de vacas Holstein en el tropico alto de Narifio (tesis
de pregrado). Universidad de Narifio. Pasto, Colombia. pp. 102-104.
https://repository.agrosavia.co/bitstream/handle/20.500.12324/21814/73801 64885.pdf?s
equence=1&isAllowed=y

Jordan, H., Cino, D.M., & Roque, A. (1995). A note on the behaviour of dairy cows in protein
banks of Leucaena leucocephala during the dry period. Cuban Journal of Agricultural
Science, 29, 19-22. https://www.cabidigitallibrary.org/doi/full/10.5555/19961402597

Lopez-Vigoa, O., Sanchez-Santana, Tania., lglesias-Gémez, J. M., Lamela-Lépez, L., Soca-
Pérez, Mildrey., Arece-Garcia, J., & Milera-Rodriguez, Milagros de la C. (2017). Los
sistemas silvopastoriles como alternativa para la produccion animal sostenible en el
contexto actual de la ganaderia tropical. Pastos y Forrajes, 40(2), 83-95.
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-03942017000200001

Journal of Animal Prod., 36(3),


https://ve.scielo.org/scielo.php?script=sci_arttext&amp;amp;pid=S0798-72692005000300005
https://www.lrrd.cipav.org.co/lrrd16/6/hern16043.htm
https://www.redalyc.org/articulo.oa?id=269121676004
http://www.inamhi.gob.ec/
https://repository.agrosavia.co/bitstream/handle/20.500.12324/21814/73801_64885.pdf?sequence=1&amp;amp;isAllowed=y
https://repository.agrosavia.co/bitstream/handle/20.500.12324/21814/73801_64885.pdf?sequence=1&amp;amp;isAllowed=y
https://www.cabidigitallibrary.org/doi/full/10.5555/19961402597
http://scielo.sld.cu/scielo.php?script=sci_arttext&amp;amp;pid=S0864-03942017000200001

Effect of Silvopastoral Systems on the Correction of the Abnormal Milk Syndrome in Ecuador

Murgueitio, E., Chard, J., Barahona, R., Cuartas, C., & Naranjo, J. (2014). Los sistemas
silvopastoriles intensivos (SSPI), herramienta de mitigacion y adaptacion al cambio
climatico.  Tropical and  Subtropical  Agroecosystems,  17(3).  501-507.
https://www.redalyc.org/pdf/939/93935728001.pdf

Murgueitio, E., Uribe, F., Molina, C. H., Molina, E. J., Galindo, W. F., Chara, J., & Gonzélez, J.
G. (2016). Establecimiento y manejo de sistemas silvopastoriles intensivos con
Leucaena. Cali, Colombia: CIPAV. pp 14-23. https://cipav.org.co/wp-
content/uploads/2020/08/establecimiento-manejo-sistemas-silvopastoriles-intensivos-con-

leucaena.pdf

Navas, A. (2010). Importancia de los sistemas silvopastoriles en la reduccion del estrés cal6rico
en sistemas de produccion ganadera tropical. Revista de Medicina Veterinaria, (19), 113-
122.  http://www.scielo.org.co/scielo.php?script=sci_abstract&pid=S012293542010000-
00010&Ing=es&nrm=is&ting=es

Ponce, P. (2009). Composicion lactea y sus interrelaciones: Expresion genética, nutricional,
fisioldgica y metabolica de la lactacion en las condiciones del trdpico. Revista Salud
Animal, 31(2), 69-76. http://scielo.sld.cu/pdf/rsa/v31n2/rsa01209.pdf

Rivera, J.E., Cuartas, C.A., Naranjo, J.F., Tafur, O., Hurtado, E.A., Arenas, F.A., Char, J., &
Murgueitio, E. (2015). Efecto de la oferta y el consumo de Tithonia diversifolia en un
sistema silvopastoril intensivo (SSPi), en la calidad y productividad de leche bovina en el
piedemonte Amazénico colombiano. Livestock Research for Rural Development, 27(10),
1-13.http://www.lrrd.org/lrrd27/10/rive27189.html

Romero Mendoza, M. P. (2012). Andlisis de un posible caso de sindrome de leche anormal (Sila)
en la zona de Pupiales (Narifio). Facultad de Ciencias Agropecuarias. Universidad
Nacional de Colombia. P 8. https://repositorio.unal.edu.co/handle/unal/10029

Silverman, J.E., Anriquez, A.L., Dominguez Nuiiez, J.A., Kunst, C.G., & Albanesi, A.S. (2015).
La cobertura arbdrea en un sistema silvopastoril del Chaco y su contribucién diferencial al
suelo. Ciencia del suelo, 33(1), 19-29. http://hdl.handle.net/20.500.12123/3917

StatPoint Technologies. (2010). Statgraphics Centurion. (ser. Centurion), version 16.1 (XV),
https://www.statgraphics.net/wpcontent/uploads/2015/03/CenturionXVIManualPrincipal.

pdf

Sanchez-Santana, Tania., Lopez-Vigoa, O., Iglesias-Gomez, J. M., Lamela-Lo6pez, L., & Soca-
Perez, Mildrey. (2018). The potential of silvopastoral systems for cattle production in
Cuba. Elem. Sci. Anth., 6(1), 82-90. https://doi.org/10.1525/elementa.334

Journal of Animal Prod., 36(3), https://apm.reduc.edu.cu/index.php/rpa/article/view/e159


https://apm.reduc.edu.cu/index.php/rpa/article/view/e159
https://www.redalyc.org/pdf/939/93935728001.pdf
https://cipav.org.co/wp-content/uploads/2020/08/establecimiento-manejo-sistemas-silvopastoriles-intensivos-con-leucaena.pdf
https://cipav.org.co/wp-content/uploads/2020/08/establecimiento-manejo-sistemas-silvopastoriles-intensivos-con-leucaena.pdf
https://cipav.org.co/wp-content/uploads/2020/08/establecimiento-manejo-sistemas-silvopastoriles-intensivos-con-leucaena.pdf
http://www.scielo.org.co/scielo.php?script=sci_abstract&amp;amp;pid=S012293542010000-00010&amp;amp;lng=es&amp;amp;nrm=is&amp;amp;tlng=es
http://www.scielo.org.co/scielo.php?script=sci_abstract&amp;amp;pid=S012293542010000-00010&amp;amp;lng=es&amp;amp;nrm=is&amp;amp;tlng=es
http://www.scielo.org.co/scielo.php?script=sci_abstract&amp;amp;pid=S012293542010000-00010&amp;amp;lng=es&amp;amp;nrm=is&amp;amp;tlng=es
http://scielo.sld.cu/pdf/rsa/v31n2/rsa01209.pdf
http://www.lrrd.org/lrrd27/10/rive27189.html
https://repositorio.unal.edu.co/handle/unal/10029
http://hdl.handle.net/20.500.12123/3917
https://www.statgraphics.net/wpcontent/uploads/2015/03/CenturionXVIManualPrincipal.pdf
https://www.statgraphics.net/wpcontent/uploads/2015/03/CenturionXVIManualPrincipal.pdf
https://doi.org/10.1525/elementa.334

Benavides Rosales, H.R., Noval-Atrtiles, E., Garcia-Diaz, J.R.

Suérez, A. (2020). Suplementacion con glicerina cruda: efectos sobre la produccion, composicion
y calidad de leche y metabolitos en sangre en vacas GYR X Holstein. Tesis de mestria en

Ciencias Pecuarias. Universidad del Tolima, Colombia.
https://repository.ut.edu.co/server/api/core/bitstreams/9e057ff466cc4f8da8ac2b9d31d78fd
b/content

Urbano, D., Davila, C., & Moreno, P. (2006). Efecto de las leguminosas arboreas y la
suplementacion con concentrado sobre la produccion de leche y cambio de peso en vacas
de doble propasito. Zootecnia Tropical, 24(1), 69-83.
https://ve.scielo.org/scielo.php?script=sci_arttext&pid=S0798-72692006000100006

AUTHOR CONTRIBUTION STATEMENT

Research conception and design: HRBR, JRGD, ENA,; data analysis and interpretation: JRGD,
HRBR, ENA, redaction of the manuscript: JRGD, HRBR, ENA.

CONFLICT OF INTEREST STATEMENT

The authors state there are no conflicts of interest whatsoever.

Journal of Animal Prod., 36(3),


https://repository.ut.edu.co/server/api/core/bitstreams/9e057ff466cc4f8da8ac2b9d31d78fdb/content
https://repository.ut.edu.co/server/api/core/bitstreams/9e057ff466cc4f8da8ac2b9d31d78fdb/content
https://ve.scielo.org/scielo.php?script=sci_arttext&amp;amp;pid=S0798-72692006000100006

	Husbandry and Nutrition
	Abstract
	Author contribution statement
	Conflict of interest statement




