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Inclusion of different levels of Ricinus communis L leaf blade meal in
whole diets for sheep
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To evaluate different inclusion levels (0, 15, 30 and 45 %) of
Ricinus communis leaf blade (LHRc) in whole sheep diets, four
animals, with an initial weight of 27.37 + 1.70 kg were housed in
individual cages. Periods of 20 days were used. The first 15 days
were used for diet adaptation, and the last five for measurement. A
4 x 4 Latin square design was applied, with Tukey test (P <0.05)
for the multiple analysis of means, plus the linear regression
analysis. Variables total food intake (TFI/kg DM), leaf intake
(g DM Ricinus communis/kg LW), daily weight gain (DWG/kg),
food efficiency (FE/kg) and registration of poisoning signs, were
studied. There was a statistical difference (P <0.05) in all variables.
The best results were for 0% of Ricinus communis leaf blade (total
feed intake 1,332 kg DM/day, daily weight gain 0.315 kg/day and
food efficiency 0.254 kg), with respect to 45 % of LHRc (total
food intake 0.881 kg DM/day, 12.2 g DM of Ricinus communis/
kg LW, daily weight gain 0.090 kg/day and food efficiency
0.096 kg). There was presence of diarrhea in this treatment,
without compromising the life of animals. The rest of treatments
shared statistical similarity. The inclusion of Ricinus communis
leaf blade meal had a negative influence on dry matter intake of
sheep, with a remarkable reduction in the 45% level, where there
was also the presence of diarrhea, without causing deaths.
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In Mexico, it is common to use high diets with
grains (corn, sorghum and soy bean) in sheep intensive
estabulated systems, to achieve maximum weight gain,
which shortens the length of stay, although this implies
a high investment and dependence on inputs (Salinas
2015).

Given these conditions, it is necessary to look for
local alternatives that allow the substitution of these
inputs to develop resilient livestock systems. The search
for the use of unconventional foods, such as trees and
shrubs, represents an option under tropical conditions,
for the boosting silvopastoral systems (Palma et al.
2019).

Para evaluar diferentes niveles de inclusion (0, 15, 30 y 45 %) de
la ldamina de hoja de Ricinus communis (LHRc) en dietas integrales
para ovinos, se alojaron cuatro animales con peso inicial de 27.37 +
1.70 kg en jaulas individuales. Se utilizaron periodos de 20 dias. Los
primeros 15 dias fueron de adaptacion a la dieta, y los tltimos cinco de
medicion. Se aplicd un disefio cuadro latino 4 x 4, con prueba de Tukey
(P <0,05) para el analisis multiple de medias, ademas del analisis de
regresion lineal. Se estudiaron las variables consumo total de alimento
(CTA/kg MS), consumo de hoja (g MS Ricinus communis/kg PV),
ganancia diaria de peso (GDP/kg), eficiencia alimentaria (EA/kg)
y registro de signos de intoxicacion. En todas las variables hubo
diferencia estadistica (P<0.05). Los mejores resultados fueron para
0 % de l1amina de hoja de Ricinus communis (consumo total de alimento
1.332 kg MS/dia; ganancia diaria de peso 0,315 kg/dia; eficiencia
alimentaria 0.254 kg), con respecto a 45 % de LHRc (consumo total
de alimento 0.881 kg MS/dia; 12.2 g MS de Ricinus communis /kg PV;
ganancia diaria de peso 0.090 kg/dia y eficiencia alimentaria 0.096 kg). En
este tratamiento hubo presencia de diarrea, sin comprometer la vida de los
animales. El resto de los tratamientos compartio similitud estadistica. La
inclusion de harina de lamina de Ricinus communis influy6 negativamente
en el consumo de materia seca en ovinos, con reduccion notable en el nivel
de 45 %, donde hubo ademas, presencia de diarrea, sin causar muertes.

Palabras clave: forraje, arborea, tropico, borregos.

En México, en sistemas estabulados intensivos de
ovinos, es comun el uso de dietas altas con granos (maiz,
sorgo y soya) para alcanzar méaxima ganancia de peso, con
lo que se acorta el tiempo de estancia, aunque ello implica
alta inversion y dependencia de insumos (Salinas 2015).

Ante estas condiciones, es necesario buscar
alternativas locales que permitan la sustitucion de estos
insumos para desarrollar sistemas ganaderos resilientes.
La exploracion del uso de alimentos no convencionales,
como las arboreas y arbustivas, representa una opcion en
las condiciones tropicales para el impulso de sistemas
silvopastoriles (Palma et al. 2019).

Un recurso forrajero no convencional es Ricinus



516

An unconventional forage resource is Ricinus
communis L. (HRc), a shrub species considered as a
protein-energy food (Ramirez et al. 2017), with high
ruminal degradability (Lara et al. 2016 and Palma 2018)
and low levels of fiber fractions, comparable with alfalfa
(Ramirez et al. 2017), which has also shown promising
results in the development of sheep (Zamora et al.
2020). However, it is mostly used for biofuel production
(Cuellar-Sanchez et al. 2016).

The use of Ricinus communis forage in intensive
estabulated systems constitutes an alternative for the
substitution of corn, sorghum and soy bean in whole
diets, destined for mutton production in Mexico.

Therefore, the objective of this study was to evaluate
different inclusion levels of Ricinus communis leaf blade
meal in whole diets intended for sheep.

Materials and Methods

The study was carried out at MAPRIC's facilities,
located in Libramiento Sur Colima-Coquimatlan, km
5, Colima, Mexico. The prevailing climatic conditions
are characterized by a mean temperature of 25.8 °C,
a maximum of 33.1 °C and a minimum of 18.6 °C.
Pluvial precipitation is 823.1 mm and altitude of
500 m a.s.l., so warm subhumid climate is predominant
(Garcia 2004).

Animals were housed in individual metabolic
cages. Four Dorper x Pelibuey F1 animals were
used, with initial LW of 27.37 = 1.70 kg, which were
not castrated, immunized (Adbac 11), dewormed
(IVER MAX GOLD) and vitaminized (vitamin E
and Selenium).

Ri. communis leaf blade (LHRCc), of wild origin, was
manually collected, without any restriction regarding
physiological state of the plant. The collected material
was dried in the sun, and processed in a forage grinder
(Xalapa MA-460), with a 1.27 cm sieve to obtain the
meal.

Four different inclusion levels of LHRc leaf
blade meal were evaluated (0, 15, 30 and 45 %) in
isoenergetic and isoprotein integral diets (CP 15 %,
ME 11.72 MJ kg DM) (table 1), for a period of 20 d
(15 for adaptation and five for measurements during
four periods).

Variables total food intake (TFI, kg DM/d) and intake
index (kg DM / LW®") were evaluated, as well as leaf
intake (g DM Ricinus communis/kg LW), daily weight
gain (DWG, g DM/d), food conversion (FC), food
efficiency (FE) and signs of intoxication.

All animals were fed twice a day (8:00 am and
5:00 pm), and a rejection of 5 % was considered. Water
was offered ad libitum.

Two samples were taken from each treatment,
as well as LHRc to perform the proximal chemical
analysis (AOAC 1990), from which the nitrogen-
free extract (NFE), total digestible nutrients (TDN),
digestible energy (DE) and metabolizable energy
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communis L. (HRc), especie arbustiva considerada un
alimento proteico-energético (Ramirez et al. 2017), con
alta degradabilidad ruminal (Lara ef al. 2016 y Palma
2018) y bajos tenores de fracciones de fibra, comparables
con la alfalfa (Ramirez et al. 2017), que ha demostrado
ademas, resultados promisorios en el desarrollo de
ovinos (Zamora et al. 2020). Sin embargo, su empleo
mayoritario es en la produccion de biocombustibles
(Cuellar-Sanchez et al. 2016).

La utilizacion del forraje de Ricinus communis en
sistemas intensivos estabulados constituye una alternativa
para la sustitucion de maiz, sorgo y soya en dietas integrales,
destinadas a la produccion de carne de ovino en México.

Por todo lo antes expuesto, el objetivo de este estudio
fue evaluar diferentes niveles de inclusion de la harina de
lamina de hoja de Ricinus communis en dietas integrales
destinadas a ovinos.

Materiales y Métodos

El estudio se realizo en las instalaciones de MAPRIC,
ubicadas en Libramiento Sur Colima-Coquimatlan, km
5, Colima, México. Las condiciones climaticas que
predominan se caracterizan por una temperatura media
de 25.8 °C, maxima de 33.1°C y minima de 18.6 °C.
La precipitacion pluvial es de 823.1 mm y la altura de
500 m s.n.m., por lo que predomina el clima calido
subhiimedo (Garcia 2004).

Los animales se alojaron en jaulas metabolicas
individuales. Se utilizaron cuatro animales F1 de Dorper x
Pelibuey, con PV inicial de 27.37 £ 1.70 kg, no castrados,
inmunizados (Adbac 11), desparasitados (IVER MAX
GOLD) y vitaminados (vitamina E y Selenio).

La lamina de hoja Ri. communis (LHRc), de origen
silvestre, se recolectd de forma manual, sin restriccion
alguna en cuanto al estado fisioldgico de la planta. El
material recolectado se secd al sol, y se proces6 en un
molino-picador de forraje (Xalapa MA-460), con criba
de 1.27 cm para la obtencion de la harina.

Se evaluaron cuatro diferentes niveles de inclusion de
la harina de lamina de LHRc; 0, 15, 30 y 45 % en dietas
integrales isoenergéticas e isoproteicas (PC 15 %, EM
11.72 MJ kg MS) (tabla 1), por un periodo de 20 d (15 de
adaptacion y cinco para mediciones en cuatro periodos).

Se evaluaron las variables consumo total de alimento
(CTA, kg MS/d) e indice de consumo (kg MS/PV°7);
consumo de hoja (g MS Ricinus communis/kg PV);
ganancia diaria de peso (GDP, g MS/d); conversion
alimentaria (CA); eficiencia alimentaria (EA) y presencia
de signos de intoxicacion.

Todos los animales se alimentaron dos veces al dia
(8:00 am y 5:00 pm), y se considerd un rechazo de 5 %.
El agua se ofrecio ad libitum.

Se tomaron dos muestras de cada tratamiento, asi
como de la LHRc para realizar el analisis quimico
proximal (AOAC 2002), a partir del cual se determind
el extracto libre de nitrogeno (ELN), total de nutrientes
digestibles (TND), energia digestible (ED) y energia
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Table 1. Composition of whole diets for sheep with different inclusion
levels of Ricinus communis L leaf blade meal (LHRc)

Inclusion level, %

Ingredients
0 15 30 45

LHRc 0.0 15.0 30.0 45.0
Soy bean paste 15.0 5.5 6.0 0.0
Broken corn 325 30.0 22.5 17.0
Sorghum 30.0 30.0 22.5 17.0
Sugar cane stick 10.0 5.0 5.2 2.0
Bypass fat 5.0 4.0 3.5 5.0
Molasses 3.0 6.0 8.0 12.0
Urea 1.5 1.5 3.0 0.0
Salt 1.0 1.0 1.0 10.0
Sodium bicarbonate 1.0 1.0 0.0 0.0
Mineral premix 1.0 1.0 1.0 1.0
Total 100.0 100.0 100 100.0

(ME) were determined (figure 1). In addition, fiber
fractions were calculated (van Soest 1963) and non-
fibrous carbohydrates were estimated (Mertens 2003)

in whole diets.
NFE=DM100-(CP+SE+CF+ASH)

TDN=) (NFE(0.9)+CP(0.8)+SE(0.9)(2.25)+CF(0.5)

DE=TDN((4.409)/100

ME=DE(0.82)

NFE-nitrogen-free extract, TDN-total digestible nutrients,
DE-digestible energy, ME-metabolizable energy

A phytochemical screening was performed,
according to the methodology proposed by Joseph et
al. (2013) for alkaloids, flavonoids, saponins, tannins
and quinones. All tests were conducted in duplicate.
To report the results, the qualitative crossover system
was used to specify the presence or absence of
metabolite groups. The criteria abundant presence
(+++), medium (++), slight (+) and absence (-) were
followed.

ANDEVA statistical analysis was used, with a 4x4
Latin square design. For comparison of means, Tukey
test (P <0.05) was used. Linear regression analysis was
applied for TFI (kg DM/d), leaf intake (g DM Ricinus
communis/kg LW) and DWG. Statistix 8.0 software
was used.

Results and Discussion

Table 2 shows the proximal chemical analysis,
fiber fractions, estimated energy values for Ricinus
communis (Rc) leaf and whole diets under study, and
the phytochemical screening in the Ricinus communis
leaf.

The value of Ricinus communis meal was lower
in CP and ME (table 2) with respect to that reported
in studies of Ramirez et al. (2017), who reported CP
content of 27 % and ME of 11.72 MJ/kg DM as a
reference value for the production of integral diets,

metabolizable (EM) (figura 1). Ademas, se calcularon
las fracciones de fibra (van Soest 1963) y se hizo la
estimacion de carbohidratos no fibrosos (Mertens 2003)

en las dietas integrales.
ELN=MS100-(PC+EE+FC+CENIZA)

TDN=) (NFE(0.9)+CP(0.8)+SE(0.9)(2.25)+CF(0.5)

ED=TDN(4.409)/100
EM=ED(0.82)
ELN- extracto libre de nitrogeno, TND- total de nutrientes
digestibles, ED- energia digestible
EM- energia metabolizable

Se realiz6 el tamizaje fitoquimico, segln la
metodologia propuesta por Joseph et al. (2013) para
alcaloides, flavonoides, saponinas, taninos y quinonas.
Todas las pruebas se hicieron por duplicado. Para senalar
los resultados, se utilizo el sistema cualitativo de cruces
para especificar la presencia o ausencia de los grupos
de metabolitos. Se siguieron los criterios presencia
abundante (+++), media (++), ligera (+) y ausencia (-).

El analisis estadistico fue un ANDEVA para un
cuadro latino 4x4. Para la comparacion de medias se
utilizo la prueba de Tukey (P<0,05). Se aplico el andlisis
de regresion lineal para el CTA (kg MS/d), consumo de
hoja (g MS Ricinus communis/kg PV) y GDP. Se utiliz6
el software Statistix 8,0.

Resultados y Discusion

Enla tabla 2 se muestra el analisis quimico proximal,
las fracciones de fibra, los valores estimados de energia
para la hoja de Ricinus communis (Rc) y las dietas
integrales en estudio, ademas del tamizaje fitoquimico
en la hoja de Ricinus communis.

El valor de la harina de Ricinus communis fue inferior
en PC y EM (tabla 2) con respecto a lo informado en
el trabajo de Ramirez et al. (2017), quienes reportaron
contenido de PC de 27 % y EM de 11.72 MJ /kg MS
como valor de referencia para la elaboracion de las dietas
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Table 2. Proximal chemical analysis and parts of fiber in whole diets destined for sheep, with different
inclusion levels of Ricinus communis L leaf blade meal (LHRc)

Components Inclusion level of LHRc¢ (%)
LHRc

0 15 30 45
Dry matter (%) 87.15 86.99 86.00 86.00 85.31
Crude protein (%) 22.59 18.80 14.84 15.02 13.89
Ether extract (%) 3.37 2.30 2.82 3.33 3.88
Ashes (%) 9.49 6.64 6.33 6.99 8.97
Neutral detergent fiber (%) 22.72 26.35 20.92 21.44 19.79
Acid detergent fiber (%) 11.61 10.18 7.63 9.07 8.10
Non-fibrous carbohydrates 58.17 54.09 4491 46.78 46.53
Lignin (%) 3.31 2.59 2.04 2.47 2.47
Nitrogen-free extract (%) 55.12 66.16 71.42 69.70 67.94
Total digestible nutrients 79.22 82.29 84.16 83.97 82.78
Digestible energy™® (MJ/kg DM) 14.60 15.15 15.48 15.44 15.23
Metabolizable energy (MJ/kg DM) 11.92 12.43 12.72 12.68 12.51
Alkaloids +
Flavonoids +
Saponins +++
Tannins +
Quinones -

*Determined from total digestible nutrients

Abundant presence (+++), medium presence (++), slight presence (+) and absence (-)

which caused modifications in their protein content,
without altering their energy level.

This difference in nutritional quality can be
explained by the type of leaf collected, due to the
variability that can exist after harvesting wild material.
There is no control regarding regrowth age and
phenological stage, since there are few studies that
address nutritional characterization based on plant age
(Ramirez et al. 2017).

In the case of Ricinus communis leaf, it contained
abundant saponins and a slight presence of alkaloids,
flavonoids and tannins, as well as the absence of
quinones. These results are similar to those reported by
Suurbaar et al. (2017), although these authors indicated
a slight presence of saponins.

Several authors have pointed out the abundant
existence of alkaloids, mainly ricinine, a metabolite
that can generate toxicity with neurological symptoms
(Riet-Correa et al. 2017 and Brito et al. 2019).
Spontaneous intoxication has also been reported due to
its leaf intake (Bianchi et al. 2018). However, according
to Brito et al. (2019), this phenomenon is unusual, an
aspect that, in this study, was only associated with
the presentation of diarrhea with the highest level of
inclusion.

Table 3 shows the results of different inclusion
levels of Ricinus communis leaf in integral diets,
considering the evaluated variables. Regarding dry
matter intake in its different expressions, it decreased
significantly in control treatment with respect to that

integrales, lo que origin6 modificaciones en su contenido
proteico, sin alterar su nivel energético.

Esta diferencia en la calidad nutrimental se puede
explicar por el tipo de hoja recolectada, debido a la
variabilidad que puede existir cuando se cosecha el
material silvestre. No existe un control, en cuanto a la
edad de rebrote y etapa fenologica, pues se dispone de
pocos trabajos que aborden la caracterizacion nutrimental
sobre la base de la edad de la planta (Ramirez et al. 2017).

En el caso de la hoja de Ricinus communis, se
evidencio abundantes saponinas y ligera presencia de
alcaloides, flavonoides y taninos, asi como la ausencia de
quinonas. Estos resultados son similares a los informados
por Suurbaar et al. (2017), aunque para las saponinas
estos autores indicaron una presencia ligera.

Diversos autores han sefialado abundante existencia de
alcaloides, en particular de ricinina, metabolito que puede
llegar a generar toxicidad con sintomatologia neurologica
(Riet-Correa et al. 2017 y Brito et al. 2019). Se ha referido
incluso, intoxicacion espontanea por el consumo de su
hoja (Bianchi et al. 2018). Sin embargo, seglin Brito et
al. (2019) es poco usual este fendmeno, aspecto que en
este estudio solo se asoci6 a la presentacion de diarreas
con el nivel de inclusion mas alto.

En latabla 3 se muestran los resultados de la inclusion
de diferentes niveles de hoja de Ricinus communis en
dietas integrales, atendiendo a las variables evaluadas.
Con respecto al consumo de materia seca en sus
diferentes expresiones, decrecid de manera significativa
en el tratamiento control con respecto al de 45 % de
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with 45% of inclusion of Ricinus communis forage,
as the maximum inclusion level. This performance
affected weight gain, because the lowest productive
performance was obtained with this treatment, and this
had a negative impact on efficiency. An outstanding
aspect is that animals consuming treatments with 0 and
45% of inclusion presented mechanical diarrhea in the
first three days of ingestion. This situation lasted until
the seventh day for the treatment with 45 % of inclusion
of Ricinus communis leaves, and was maintained with
soft feces. This phenomenon that was found in all the
experimental periods. This episode did not occur in the
rest of the treatments, which shared statistical similarity
among them. It should be mentioned that there was no
poisoning or death at any Ricinus communis inclusion
level.
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inclusion de forraje de Ricinus communis, como nivel
maximo de incorporacion. Este comportamiento afectd
la ganancia de peso, debido a que con este tratamiento
se obtuvo el menor comportamiento productivo, y ello
impact6 la eficiencia en sentido negativo. Un aspecto
sobresaliente es que los animales que consumieron los
tratamientos de 0 y 45 % de inclusion presentaron, en
los primeros tres dias de ingestion, diarrea mecanica,
situacion que para 45 % de inclusion de hojas de
Ricinus communis, se prolongo6 hasta el séptimo dia, y se
mantuvo con heces blandas, fendémeno que se encontrd
en todos los periodos experimentales. Este episodio
no se presentd en el resto de los tratamientos, los que
compartieron entre ellos similitud estadistica. Se debe
mencionar que en ningun nivel de inclusion de Ricinus
communis hubo intoxicacion ni muerte.

Table 3. Dry matter intake and productive performance of sheep fed whole diets with different inclusion

levels of Ricinus communis L leaf blade meal

. Treatments
Variable SE + P
0 15 30 45

Total DM intake (kg) 1.3328 1.123® 1.105% 0.881° 0.052 0.009
Intake (kg DM/kg LWO0.75) 0.080? 0.070 0.074 0.061° 0.003 0.041
Intake index (%) 3.21° 2.83%® 3.00% 2.50° 0.11 0.038
Ri. communis intake (gDM/kg LW)  0.00¢ 4.65° 10.18* 12.20° 1.18 0.001
DWG (kg) 0.315? 0.145® 0.200 0.090° 0.030 0.038
Food conversion 4.185 8.895 6.740 8.453 1.874 0.692
FE (kg) 0.255¢ 0.136® 0.173% 0.096° 0.026 0.053

a, bDifferent letter in the same row indicate statistical difference (Tukey test p<0.05). MSE = mean

standard error

The use of high grain diets is a common practice in
intensive estabulated systems. Therefore, the search for
alternatives with local resources represents a challenge,
because this type of diet was practically 3.5 times better
in DWG with respect to the level of 45 % of Ricinus
communis, explained by the decrease of intake, which
was 1.5 times lower with the presence of diarrhea and
soft feces. This phenomenon is related to purgative
effects due to the presence of ricin (toxalbumin) and
ricinine (alkaloid) in leaves, as pointed out by Hussein
et al. (2015).

The main secondary metabolite of leaf is ricinine,
an alkaloid that generates acute neurological symptoms
(Riet-Correa et al. 2017 and Brito et al. 2019) with
intoxication, three to six hours post-ingestion. There
are signs of dehydration, sialorrhea, dyspnea, ataxia,
chewing movements, lateral head and neck deviation,
incoordination, hesitant walking, and, in some cases,
tympanism. Depending on these symptoms, which
persist from 2 to 16 hours, animals may recover or die.
For these neurological disorders to occur, sheep must
consume from 10 to 20 g DM/kg LW, according to an
experimental evaluation (Dobereiner et al. 1981). This
performance did not occur in the present study.

Another type of poisoning occurs with seeds.

Eluso de dietas altas en grano es una practica comun
en sistemas estabulados intensivos. Por ello, la busqueda
de alternativas con recursos locales significa un reto,
debido a que este tipo de dietas resultd, practicamente,
3.5 veces mejor en la GDP con respecto al nivel de
45 % de Ricinus communis, explicado por la disminucion
en el consumo, que fue 1,5 veces menor con presencia
de diarrea y heces blandas. Este fendmeno se relaciona
con efectos purgativos por la presencia de ricina
(toxoalbumina) y de ricinina (alcaloide) en las hojas,
como sefalaron Hussein et al. (2015).

La hoja tiene como principal metabolito secundario
a la ricinina, alcaloide que genera sintomas neurolégicos
agudos (Riet-Correa et al. 2017 y Brito et al. 2019) con
intoxicacion, de tres a seis horas post-ingestion. Se
presentan signos de deshidratacion, sialorrea, disnea,
ataxia, movimientos de masticacion, desviacion lateral
de cuello y cabeza, incoordinacion, marcha vacilante y,
en algunos casos, timpanismo. Ante estos sintomas, que
persisten de 2 a 16 h, los animales se pueden recuperar o
morir. Para que estos trastornos neuroldgicos sucedan, los
borregos deben consumir de 10 a20 g MS/kg PV, segtin una
evaluacion de tipo experimental (Dobereiner et al. 1981).
Este comportamiento no se produjo en el presente ensayo.

Otro tipo de intoxicacion se presenta con la semilla. Su
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Its main secondary metabolite is toxalbumin ricin,
which is highly toxic. Its ingestion is associated
with a gastroenteric type picture, with the presence
of diarrhea, foul-smelling stools and blackish brown
color in the perianal region in hinder limbs, as well as
apathy, dehydration, abdominal pain, ruminal stasis and
weakness. It can even cause death (Aslani et al. 2007
and Alburquerque et al. 2014), when seed intake was
accidental or, in some cases, induced by forage deficit,
due to drought.

Ricinus communis leaf also contains ricinine
(Vasco-Leal et al. 2020), which can be associated
with the presence of diarrhea. It is known that this
metabolite stimulate the effect of the small intestine,
which increases peristalsis with a laxative action and
the evacuation of liquid feces, without pain or colics
(Herrera and Gutiérrez 2003), as confirmed in the
present study.

Itis known that food intake of animals is multifactorial,
since it includes nutritional state, individual expression,
prior knowledge of the food to its nature, in terms of
quality, taste, color, smell and chemical content of the
plant, as factors that influence on its selection and intake
(Villalba et al. 2015).

Low food intake was associated with the sudden
supply of this unconventional forage, leading to learning
and adaptation. In this regard, Lara et al. (2016) observed
an increasing adaptation to obtain a gradual increase in its
ingestion. These authors recorded 3.8 g DM Rc/kg LW
at 9 d, with increases of 9.5 and 18.9 g DM Rc/kg LW,
at 25 and 30 d, respectively when replacing the base
diet. Problems of diarrhea, poisoning or death were not
registered. In this study, maximum mean intake was
12.2 ¢ DM Rc/kg LW for the highest inclusion level
used, but without adapting to it.

Another explanation for low intake with the 45 %
inclusion level of Ri. communis was associated with
an ingestion restriction, due to its combination with
molasses. Lara (2015) alluded to this issue, finding a
negative effect of up to four times, of Ri. communis
leaf intake combined with molasses, compared to the
ingestion of leaf alone. According to Obumselu ef al.
(2011), this phenomenon is related to astringency for
this forage.

This astringency deals with the presence of saponins
(Das et al. 2012), which generates a bitter taste. In
sheep, it is associated with the ability to detect toxins,
resulting in a negative hedonic taste, when selecting
food (Ginane et al. 2011). These aspects should be
evaluated in future experiments, to avoid restriction
of this type of whole diet or in the possible generation
of ruminal activators, which allow supplementation
restriction, from non-conventional foods (Rodriguez
and Palma 2018).

Ruminal degradability of Ricinus communis forage
is high, like its passage rate (Ramirez ef al. 2017
and Palma 2018). This can be related to the high
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principal metabolito secundario es la ricina toxoalbuiimina,
que es altamente toxica. Su ingestion se asocia a un
cuadro de tipo gastroentérico, con la presencia de diarrea,
heces malolientes, de color marrén negruzco en la region
perianal en extremidades posteriores; ademas de apatia,
deshidratacion, dolor abdominal, estasis ruminal y
debilidad, incluso, puede provocar la muerte (Aslani et
al. 2007 y Alburquerque et al. 2014), cuando el consumo
de la semilla es accidental o, en algunos casos, inducido
por el déficit de forraje, debido a la sequia.

Lahoja de Ricinus communis también contiene ricinina
(Vasco-Leal et al. 2020), lo que se puede asociar a la
presencia de diarrea. Es conocido el efecto de estimulacion
del intestino delgado por parte de este metabolito, que
incrementa el peristaltismo con una accién laxante y la
evacuacion de heces liquidas, sin dolores o colicos (Herrera
y Gutiérrez 2003), como se constato en el presente estudio.

Se conoce que el consumo de alimento por parte de
los animales es de tipo multifactorial, pues incluye desde
el estado nutricional, expresion individual, conocimiento
previo del alimento hasta su naturaleza, en cuanto a
calidad, sabor, color, olor y contenido quimico de la
planta, como factores que influyen en su seleccion y
consumo (Villalba et al. 2015).

El consumo bajo de alimento se asoci6 a la oferta
repentina de este forraje no convencional, lo que
conlleva a un aprendizaje y adaptacion. Al respecto,
Lara et al. (2016) observaron una adaptacion paulatina
para obtener incremento gradual en su ingestion. Estos
autores registraron a los 9 d 3.8 g MS Rc/kg PV, con
incrementos de 9,5 y 18.9 g MS Rc /kg PV, a los 25
y 30 d, respectivamente al sustituir la dieta base. No
registraron problemas de diarrea, intoxicacion ni muerte.
En este estudio, el consumo promedio maximo fue de
12.2 g MS Rc /kg PV para el mayor nivel de inclusion
utilizado, pero sin lograr la adaptacion al mismo.

Otra explicacion del bajo consumo registrado
con el nivel de 45 % de inclusion de Ri. communis
estuvo asociado a la restriccion de la ingestion, por su
combinacioén con melaza. Lara (2015) hace alusion a este
asunto, al constatar un efecto negativo, de hasta cuatro
veces, el consumo de hoja de Ri. communis combinada
con melaza, con respecto a la ingestion de la hoja sola.
Como sefialan Obumselu e al. (2011), este fenomeno se
relaciona con la astringencia para este forraje.

Esta astringencia tiene que ver con la presencia de
saponinas (Das et al. 2012), que genera un sabor amargo.
En los borregos, se asocia con la capacidad para la
deteccion de toxinas, lo que resulta en un sabor hedénico
negativo, al seleccionar los alimentos (Ginane et al. 2011).
Estos aspectos se deberan valorar en experimentos futuros,
para evitar la restriccion de este tipo de dieta integral o
en la posible generacion de activadores ruminales, que
permitan la restriccion de la suplementacion, a partir de
alimentos no convencionales (Rodriguez y Palma 2018).

La degradabilidad ruminal del forraje de Ricinus
communis es alta, al igual que su tasa de pasaje (Ramirez
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availability of fermentable carbohydrates, which
caused diarrhea, associated with ruminal acidosis,
as a consequence of microbial fermentation in the
whole diet. With the inclusion of 45 % of Ricinus
communis forage, the use of sodium bicarbonate was
not considered. Therefore, low acid detergent fiber
content and particle size influenced on the lack of
effective fiber, which avoids the problem of acidosis
(Bach and Calsamiglia 2006).

In pregnant ewes, consuming forage diets based
on sugar cane top, intake was also affected, with the
use of 20 % of Ricinus communis forage and compare
it with alfalfa (Ramirez-Navarro et al. 2020). This
inclusion level affected intake by 18 %, in a first
stage that did not consider the adaptation period.
After this phase, intake was affected between 4 and
6 %, although it did not affect productive parameters
or generated intoxication, abortions or deaths in
females. It did not cause damage to their offspring in
the periods studied either.

Regarding linear regression analysis, these results
can be considered as preliminary, in terms of weight
gain. This aspect should be addressed in future
studies, having a direct inverse relationship for intake
and weight gain. As the inclusion level of Ricinus
communis forage increased, these indicators decreased
(TFly =-9.142x + 1315.6, P =0.004 and R? = 0.455;
DWGy=-0.004x + 0.281, P=10.014 and R*= 0.362).
For the intake of g DM of Ricinus communis/kg LW,
there was a positive linear regression (y = 0.282x
+ 0.163, P = 0.001 and R? = 0.809), although with
undesirable effects, as observed with the highest intake
of Ricinus communis.

This type of study enables the development of
strategies that allow the inclusion of this unconventional
forage in the feeding of ruminants in new technological
schemes, aimed at the development of agroforestry
systems in general (Sanchez et al. 2016), and of
silvopastoral or agro-silvopastoral systems, in particular
(Palma 2018).

It is concluded that Ricinus communis L. leaf blade
meal has a negative effect on food intake, as part of
whole rations destined for sheep. Specifically, when
levels of 45% are used, in which animals presented
diarrhea and soft feces, without other intoxication
signs or death.
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et al. 2017 y Palma 2018). Esto se puede relacionar con
la alta disponibilidad de carbohidratos fermentables, que
origin6 la diarrea, asociada a la acidosis ruminal, como
consecuencia de la fermentacion microbiana en la racion
integral. Cuando se incluyd 45 % de forraje de Ricinus
communis no se considero el uso de bicarbonato de sodio.
Por lo tanto, el bajo tenor de fibra detergente acido y el
tamafo de particula utilizado influyeron en la falta de
fibra efectiva, que evita el problema de acidosis (Bach y
Calsamiglia 2000).

En borregas gestantes, que consumieron dietas
forrajeras basadas en punta de cafia de azucar, también
se observo afectacion en el consumo, al utilizar 20 % de
forraje de Ricinus communis y comparar con la alfalfa
(Ramirez-Navarro et al. 2020). Este nivel de inclusion
afecto el consumo en 18 %, en una primera etapa que no
considerd el periodo de adaptacion. Después de esta fase,
el consumo se afecto entre 4 y 6 %, aunque no repercutio
en los indicadores productivos ni genero intoxicacion,
abortos o muertes en las hembras. Tampoco ocasiond
dafios en sus crias en los periodos estudiados.

En cuanto al andlisis de regresion lineal, estos
resultados se pueden considerar preliminares, en cuanto
ala ganancia de peso. Este aspecto debe ser abordado en
futuros ensayos, en los que para el consumo y la ganancia
de peso, hubo relacion directa inversa. En la medida
que se incremento el nivel de inclusion del forraje de
Ricinus communis, estos indicadores disminuyeron
(CTAy=-9.142x + 1315.6, P=0.004 y R*=0.455; GDP
y = -0.004x + 0.281, P=0,014 y R?>=0.362). Para el
consumo de g MS de Ricinus communis /kg PV, hubo una
regresion lineal positiva (y = 0.282x + 0.163, P=0.001
y R*=0,809), aunque con efectos no deseables, como se
observo con la mayor ingestion de Ricinus communis.

Este tipo de ensayo posibilita el desarrollo de
estrategias que permitan la inclusion de este forraje
no convencional en la alimentacion de rumiantes en
nuevos esquemas tecnologicos, dirigidos al desarrollo de
sistemas agroforestales en general (Sdnchez et al. 2016)
y de sistemas silvopastoriles o agrosilvopastoriles, en
particular (Palma 2018).

Se concluye que la harina de lamina de Ricinus
communis L., afecta negativamente el consumo de
alimento, como parte de las raciones integrales destinadas
a ovinos. En particular, cuando se utilizan niveles de
45 %, ante los cuales los animales presentaron diarrea y
heces blandas, sin otros signos de intoxicacion o muerte.
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