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This review is aimed at offering information on the main research studies developed during 50 years by the Institute of Animal Science of
the Republic of Cuba on the subject of the use of additives in animal feeding. Aspects dealing with nutritional and animal additives used

in monogastric and ruminant animals are also envisaged.
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INTRODUCTION

For decades additives have been used in animal
production due to the beneficial effects caused on
physiological, productive and health indicators. In
this way, costs can be reduced and the efficiency of the
productive systems are increased. It is admitted by the
scientific community that the most accepted definition
of the term additives for animal feeding is that issued
in the Regulations (EC) No. 1831/2003 of the European
Parliament and the Council referring that they are
substances, microorganisms and different preparations
of the raw matters for feeds and premixes added
intentionally to the feeds or to the water for realizing,

predominantly, one or various functions. According to
these functions, additives are classified as technological,
organoleptic, nutritional, animal and coccidiostatic and
histomonostatic.

The extraction, characterization and evaluation of
additives in animal feeding are one the main fields of
work of the Institute of Animal Science of the Republic
of Cuba (ICA) since its foundation in 1965. The majority
of these studies are related to nutritional and animal
additives and their results are presented in this review.

MAIN TYPES OF ADDITIVES STUDIED

The first studies with additives developed by the
Institute were related to the search and evaluation of
substances influencing positively on the characteristics
of the feeds or non-conventional feeds; fulfillment of
the feeding requirements of the animals influencing
positively on production, activity and welfare of the
animals, especially acting on the gastrointestinal biota or
the digestibility of the feeds. Some of the most relevant
works are mentioned in table 1.

The use of diverse antibiotics and antimicrobial
products as animal growth promoters turned into a
common practice after its discovering in the forties.

However, its continuous and indiscriminate use created
serious problems of microbial resistance and intensified
the appearance of residual effects in the foods for
human consumption. For that reason, the World Health
Organization (WHO) recommended in 2000 that the use
of antibiotics must cease as animal growth promoters
(AGP), aspects which were considered in the review of
Castro (2005) on the occasion of the 40th anniversary
of ICA. In view of this problematic and the prohibition
in 2006 by the European Community of the use of AGP,
the scientific community showed more interest in the
study, evaluation and introduction of other nutritional

Table 1. Studies carried out with additives at ICA during the period 1967-2000

Sources Additives

Referencies

Conventional feeds Selenium, vitamin E, zeolite

Formaldehyde and sodium sulfite

Silage of pasture and

forage and integral Organic acids

meal Urea, salts and zeolite
Saccharines Mineral salts and urea
Poultry litter Zeolite

Molasses, mineral salts and urea

Castro y Elias (1978 a, b)
Castro et al. (1979) y Brito y Alvarez (1982)

Dominguez y Elias (1981)
Michelena y Molina (1987 a,b)
Molina et al. (1997 y 1999)

Elias et al. (1990) y Elias y Lezcano (1994)
Lon-Wo y Rodriguez (1986)
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and animal additives as alternatives to these AGP that
show nutraceutic properties.

Among the most studied and used additives
are the probiotics, prebiotic, fitobiotics, acidifiers,
enzymes, minerals and microbial activators of ruminal
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fermentation. In table 2 are shown some the products
studied at ICA. The use of these additives has great
repercussion for the national and international livestock
production development. Therefore, presently continues
to be main objective of the scientific studies of the center.

Table 2. Examples of experiments carried out with additives at ICA in the period 2000-2014

Additives Type References
Probiotics Lactobacillus rhamnosus  Bocourt et al. (2004 a,b)
Bacillus subtilis Ayala et al. (2012)
Wickerhamomyces Garcia-Herndndez et al. (2012 y 2014)
anomalus
Prebiotics Inulin Garcia-Curbelo et al. (2007b)
Fructanes of Garcia-Curbelo et al. (2009)
Agave fourcroydes
Phytobiotics Oregano Ayala et al. (2006 y 2011)
Acidifiers Vinasse Hidalgo et al. (2009)
Enzymes B-manase Lon-Wo ef al. (2000)
Cellulass y xylanase Lon-Wo et al. (2002)
Phytase Acosta et al. (2006, 2007a'y 2008)
Minerals Zeolite Reyes et al. (2003)
Bentonite Gutiérrez et al. (2004)
Additives activators Polyethylenglicol LaOetal (2001)

of the ruminal

fermentation acid

Sulfonic bromoethane

Gonzalez et al. (2006)
Marrero et al. (2010)

Saccharomyces cerevisiae Elias (2014)

Vitafert

RESULTS IN MONOGASTRIC ANIMALS

The additives before mentioned were mainly
evaluated in poultry and pigs as monogastric species of
greater economic interest. Zeolite due to its properties
is one of the products most evaluated as additive
or concentrate replacer. These investigations were
developed by Castro and other authors during the 50
years of scientific work of ICA. Main results of the
evaluation of this mineral are related to its hydration-
dehydration, adsorption and cationic interchange
capacity (Castro 2005). Therefore, its use makes feasible
the improvement of the efficiency utilization of nutrients
of conventional and non-conventional feeds and
consequently, the increase of the animal growth rate, as
well as the control of enteric problems and undesirable
smells in the productive facilities and reduction of the
environmental contaminants (Lon-Wo and Rodriguez
1986, Castro and Lon-Wo 1991 and Castro 2005).

The beneficial effects of the use of enzymes in the
diets of monogastric animals with appreciable contents of
non-amylaceous polysaccharides are widely recognized.
Studies of Lon-Wo et al. (2000 and 2002), Acosta et
al. (2006, 2007a and 2008) and Martinez et al. (2009)
confirmed that the utilization of enzymatic products
(B-mannases, cellulases, xylanases and phytases) in
conventional and alternative diets for poultry and pigs
improve the efficiency of utilization of the feed nutrients,

reduce anti-nutritional factors, do not provoke disorders
in the productive performance, reduce phosphorus and
nitrogen excretion by their retention increase and, thus,
contribute to the reduction of environmental pollution,
as well as produce economic advantages.

Probiotics are other of the most evaluated additives
by ICA’s researchers, mainly, in the last 10 years.
Results corroborated that the biological response of
the animals (poultry and pigs), when these additives
are included in the diet, depends on factors such as
the strain, species and genus of the microorganism
or microorganisms employed, category or animal
species, age and physiological state of the animals
and experimental conditions. In a general way, the
effects found in the works of Bocourt et al. (2004 a,b),
Acosta et al. (2007b), Garcia-Curbelo et al. (2007a),
Ayala et al. (2008 and 2012) and Garcia-Hernandez
et al. (2014) showed morphophysiological changes,
immunomodulatory response, health improvement
and productive performance of broilers, pigs and other
animals.

Studies with prebiotics, phytobiotics and acidifiers
have received less attention. There is experience
on the use of inulin as energy source by probiotic
microorganisms, though its combined use would increase
the intestinal survival of the beneficial bacteria with
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positive effects on the animals (Garcia-Curbelo et al.
2007b). Also different sources of obtaining fructanes were
investigated. The stems of Agave fourcroydes (henequen)
were the most promissory for its use as prebiotic additive
in animal feeding (Garcia-Curbelo et al. 2009).
Regarding the phytobiotics, the oregano was
evaluated in broilers and rabbits. Ayala et al. (2006)
included the additive in diets for broilers and obtained
biological and economical benefits. In another study,
Ayala et al. (2011) supplied vulgar oregano (Origanum
vulgare) dried at two temperatures (25 and 60 °C) in diets
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for rabbits of the White New Zealand breed and found
increases in feed consumption and live weight gain, as
well as improvements in feed conversion in favor of the
oregano dried at 60 °C.

Hidalgo et al. (2009) studied the inclusion of
distillery’s concentrated vinasse in broilers. These
authors observed that the additive can optimize the use
of nutrients in the diet guaranteeing better productive
performance, which was reflected on live weight increase
of the animals and improvements in feed conversion and
higher meat yields.

RESULTS IN RUMINANT ANIMALS

Garcia-Lopez ef al. (1988 and 2001) and Reyes et
al. (2003) assessed the zeolite as mineral additive in the
concentrate of Holstein cows. These experiments showed
that a good nutriment balance in the ration and the inclusion
of this additive has a beneficial effect on milk quality, health
status and reproductive performance of the animals.

In 2005, Galindo and Marrero made a full compilation
of the main investigations carried out at ICA since its
creation, related to the topic manipulation of ruminal
fermentation through the use of additives in the
diet. These authors highlight the use of Nitrogenous
Activators Supplements (NAS) (Mufioz et al. 1987);
chemical substances (carbonates, bicarbonates and
sodium, potassium, calcium and magnesium phosphates)
used as pH buffers for attaining an effective microbial
activity (Marrero ef al. 1987 and Galindo ef al. 1990);
mineral as zeolite and sodic bentonite (Galindo 1988);
ionosphere antibiotics as the monnensin (Galindo et al.
2004); organic acids as the malic acid and the fumaric;
secondary metabolites of plants with defauning effects:
polyphenols, condensed tannins and saponins (Galindo
et al. 2001 and Galindo et al. 2004).

Vitafert and the Jordan Granulated are other of the
products evaluated as activators of ruminal fermentation
(Jordan 2001 and Elias 2014). Gutiérrez et al. (2012)
included the Vitafert as additive in goats fed poor quality
hay of Brachiaria brizantha finding and increase of the
fermentative capacity of the rumen in correspondence with
the increase of the SCFA concentrations and production
of bacterial biomass. Jordan et al. (2005) applied the
granulate to yearlings of the Zebu breed attaining high live
weight gains for the stocking rates used during the pasture
abundance period, due to an improvement of the ruminal

efficiency when fibrous diets are employed.

In the last decades great acceptance has been given to the
extraction and use of viable microorganisms for improving
the health and productivity of ruminants. The yeast and
fungi of Saccharomyces cerevisiae and Aspergillus oryzae
species, respectively, have been defined as the most
promissory for these ends. Studies carried out by Marrero
et al. (2006) demonstrated that the addition of a strain of
S. cerevisiae favors the development of total viable and
cellulolytic bacteria and increase the concentration of short
chain fatty acids. Also, Sosa et al. (2010) found stimulation
of ruminal fermentation of Pennisetum purpureum cv. Cuba
CT-115 on adding an Aspegillus oryzae strain.

Ruminal methanogenesis is a subject of interest in
scientific investigations, since methane emission is an
ecological problem and also represents great loss of the feed
energy and decreases animal productivity (Anderson et al.
2003). Thus, different scientific studies at the Institute of
Animal Science were aimed at searching for the influence of
the use of additives on ruminal methanogenesis. Gonzalez
et al. (2006) found inhibition of methane production when
bromoethasulfonic acid (BES) was employed, but did not
find alteration in the methanogenic populations, or in those
participating in fiber degradation. BES effect seems to be
more related to the mechanisms and metabolic processes
carried out by the microorganisms intervening in methane
formation. Galindo ef al. (2010) assessed the effect of
different yeasts and demonstrated that Saccharomyces
cerevisiae and LEVICA-25 reduce the methanogens and
ruminal methanogenesis. This offers the possibility of using
them for improving the efficiency of utilization of ruminant
energy that could contribute to mitigate the impact of these
gases to the environment.

FINAL CONSIDERATIONS

From the scientific work of the Institute of Animal
Science during its 50 years of experience it is evidenced
that the subject of extraction and evaluation of additives
in animal production is widely tackled. This line of work
has been in correspondence with national regulations
and their subsequent modifications, as well as the
guidelines and objectives of the country. The above

mentioned demonstrates the importance and validity
of the investigations developed for attaining, mainly,
improvements in animal health and productive increases.
Even though results show progress, it is necessary
to prepare future research strategies for increasing
knowledge on this subject.



176

Cuban Journal of Agricultural Science, Volume 49, Number 2, 2015

REFERENCES

Acosta, A., Lon-Wo, E., Cardenas, M. & Almeida, M.
2006. Efecto de la enzima fitasa en el metabolismo y el
comportamiento productivo de gallinas ponedoras con bajo
aporte de fosforo. Rev. Cubana Cienc. Agric. 40:201

Acosta, A., Lon-Wo, E., Cardenas, M. & Almeida, M. 2008.
Comportamiento productivo y metabolismo de gallinas,
segun la fuente de fosforo y la adicion de una enzima fitasa
(Aspergillus ficuun) en la dieta. Rev. Cubana Cienc. Agric.
42:279

Acosta, A., Lon-Wo, E., Dieppa, O. & Almeida, M. 2007a. Efecto
de dos fitasas microbianas procedentes de Aspergillus ficuuny
Pichia pastoris em el metabolismo mineral y comportamiento
productivo del pollo de ceba. Rev. Cubana Cienc. Agric. 41:49

Acosta, A., Lon-Wo, E., Garcia, Y., Boucourt, R., Dieppa,
O. & Febles, M. 2007b. Efecto de una mezcla probiodtica
(Lactobacillus acidophilus y Lactobacillus rhamnosus)
en el comportamiento productivo, rendimiento en canal e
indicadores economicos del pollo de ceba. Rev. Cubana
Cienc. Agric. 41:355

Anderson, R.C., Callaway, T.R., van Kessel, J.A.S., Jung,
Y.S., Edrington, T.S. & Nisbet, D.J. 2003. Effect of select
nitro compounds on ruminal fermentation; an initial look
at their potential to reduce economic and environmental
costs associated with ruminal methanogenesis. Bioresource
Technol. 90:59

Ayala, L., Bocourt, R., Martinez, M., Castro, M. & Hernandez,
L.2008. Respuesta productiva, hematologica y morfométrica
de un probidtico comercial en cerdos jovenes. Rev. Cubana
Cienc. Agric. 42:181

Ayala, L., Bocourt, R., Milian, G., Castro, M., Herrera, M. &
Guzman, J. 2012. Assessment of a probiotic based on Bacillus
subtilis and its endospores in the obtainment of healthy lungs
of pigs. Cuban J. Agricultural Science, 46:391

Ayala, L., Martinez, M., Acosta, A., Dieppa, O. & Hernandez,
L. 2006. Una nota acerca del efecto del orégano como aditivo
en el comportamiento productivo de pollos de ceba. Rev.
Cubana Cienc. Agric. 40:455

Ayala, L., Silvana, N., Zocarrato, [. & Goémez, S. 2011.
Utilizacion del orégano vulgar (Origanun vulgare) como
fitobidtico en conejos de ceba. Rev. Cubana Cienc. Agric.
45:159

Bocourt, R., Savon, L., Diaz, J., Brizuela, M.A., Serrano, P.,
Prats, A. & Elias, A. 2004b. Efecto de la actividad probidtica
de Lactobacillus rhamnosus en indicadores productivos y de
salud de cerdos jovenes. Rev. Cubana Cienc. Agric. 38:79

Bocourt, R., Savon, L., Diaz, J., Brizuela, M.A., Serrano, P.,
Prats, A. & Elias, A. 2004a. Efecto de la actividad probidtica
de Lactobacillus rhamnosus en indicadores fisiologicos de
lechones. Rev. Cubana Cienc. Agric. 38:411

Brito, L. & Alvarez, R.J. 1982. Efecto del sulfito de sodio y
el formaldehido en la actividad fermentativa en el buche y
ciego de aves alimentadas con miel final. Rev. Cubana Cienc.
Agric. 16:191

Castro, M. 2005. Uso de aditivos en la alimentacion de animales
monogastricos. Rev. Cubana Cienc. Agric. 39 (Numero
especial): 451

Castro, M. Elias, A. 1978 a. Comportamiento de cerdos
alimentados con dietas de miel final suplementadas con
vitamina E y/o selenio. Rev. Cubana Cienc. Agric. 12:233

Castro, M. & Elias, A. 1978b. Efecto de la inclusion de n dietas de

miel final sobre el comportamiento de cerdos en crecimiento-
ceba. Rev. Cubana Cienc. Agric. 12:67

Castro, M., Elias, A. & Alvarez, R.J. 1979. Efecto de aditivos
preservantes (formaldehido y sulfito de sodio) de la
fermentacion sobre el comportamiento de cerdos alimentados
con dietas de miel final. Rev. Cubana Cienc. Agric. 13:149

Castro, M & Lon-Wo, E. 1991. Zeolitas Naturales Cubanas. Sus
aplicaciones en cerdos y aves. Rev. Cubana Cienc. Agric. 25:13

Diaz Reyes, A., Bocourt, R., Aldana, A., Moreira, O. &
Sarduy, L. 2009. Efecto de un hidrolizado enzimatico de
Saccharomyces cerevisiae y sus diferentes fracciones en la
dinamica fermentativa ruminal del pasto estrella (Cynodon
nlemfuensis) en condiciones in vitro. Rev. Cubana Cienc.
Agric. 43:251

Dominguez, G.H. & Elias, A. 1981. Efectos de la edad de corte,
la adicion de urea y diferentes niveles de miel final en la
calidad del ensilado de bermuda cruzada No. 1 (Cynodon
dactylon (L.) Pers.). Rev. Cubana Cienc. Agric. 15:79

Elias, A. 2014. Avances de los procesos biotecnologicos para
incrementar el valor nutritivo de los alimentos. Impacto en la
produccion animal. En: I Simposio de Zootecnia, Alimentacion
y genética, XXIV Congreso Panamericano de Ciencias
Veterinarias (PANVET). 6-9 de octubre. La Habana, Cuba

Elias, A. & Lezcano, O. 1994. Efecto de la inclusion de niveles
de harina de grano de maiz en la fermentaci6n de la caia de
azucar en estado solido y caracteristicas quimicas del producto
final. Sacchamaiz. Rev. Cubana Cienc. Agric. 28:319

Elias, A., Lezcano, O., Lezcano, P., Cordero, J. & Quintana, L.
1990. Resefia descriptiva sobre el desarrollo de una tecnologia
de enriquecimiento proteico de la cafia de azticar mediante
fermentacion en estado solido (Saccharina). Rev. Cubana
Cienc. Agric. 24:1

Galindo, J. 1988. Efecto de la zeolita en la poblacion de bacterias
celuloliticas y su actividad en vacas que consumen ensilaje Tesis
PhD. Instituto de Ciencia Animal, La Habana, Cuba

Galindo, J., Elias, A., Palenzuela, T., Pérez, M.C. & Aldama, A L
2004. Effect of monensin on the in vitro methane production in
three ruminal ecological systems. Cuban J. Agric. Sci. 37:181

Galindo, J., Elias, A., Piedra, R. & Lezcano, O. 1990. Estudio
in vitro de algunos componentes de la Zeolita en la actividad
microbiana. Rev. Cubana Cienc. Agric. 24:187

Galindo, J. & Marrero, Y. 2005. Manipulacion de la fermentacion
microbiana ruminal. Rev. Cubana Cienc. Agric. 39:439

Galindo, J., Marrero, Y. & Aldana, A.1. 2001. Efecto de gliricidia en
lo poblacidn protozoaria y organismos celuloliticos ruminales.
Rev. Cubana Cienc. Agric. 35:3

Galindo, J., Marrero, Y., Gonzalez, N., Sosa, A., Miranda, A.,
Aldama, A., Moreira, O., Bocourt, R., Delgado, D., Yorres,
Delgado, D., Torres, V., Sarduy, L. & Noda, A. 2010. Efecto
de preparados con levaduras Saccharomyces cerevisiae y
LEVICA-25 viables en los metandgenos y metanogénesis
ruminal in vitro. Rev. Cubana Cienc. Agric. 44:273

Garcia Lopez, R., Elias, A., Pérez de la Paz, J. & Gonzalo, G.
1988. Uso de la zeolita en vacas lecheras. 1. Efecto en la
composicion lactea. Rev. Cubana Cienc. Agric. 22:33

Garcia Lopez, R.,Gonzélez, R. & Ponce, P. 2001. Evaluacion
de un sistema de produccion de leche con vacas Holstein en
el tropico. Rev. Cubana Cienc. Agric. 35:121

Garcia-Curbelo, Y., Boucourt, R., Acosta, A., Albelo, N. &
Nuilez, O. 2007a. Efecto de una mezcla probidtica de



Cuban Journal of Agricultural Science, Volume 49, Number 2, 2015.

Lactobacillus acidophilus y Lactobacillus rhamnosus en
algunos indicadores de salud y fisiologicos de pollos de ceba
en el tropico. Rev. Cubana Cienc. Agric. 41:71

Garcia-Curbelo, Y., Boucourt, R., Albelo, N. & Nuiiez, O. 2007b.
Fermentacion de inulina por bacterias acido lacticas con
caracteristicas probioticas. Rev. Cubana Cienc. Agric. 41:263

Garcia-Curbelo, Y., Loépez, M. & Boucourt, R. 2009. Fructanos
en Agave fourcroydes, potencialidades para su utilizacion en
la alimentacion animal. Rev. Cubana Cienc. Agric. 43:175

Garcia-Hernandez, Y., Pérez, M., Garcia-Curbelo, Y., Rodriguez,
B., Boucourt, R., Torres, V., Albelo, N., Nuiiez, O., Guzman,
J.A., Febles, M. & Noda, A.C. 2014. Efecto probiotico de una
cepa de Wickerhamomyces anomalus en pollos de ceba. Rev.
Cubana Cienc. Agric. 48:125

Garcia-Hernandez, Y., Rodriguez, Z., Branddo, L.R., Rosa,
C.A., Nicoli, J.R., Elias, A., Pérez-Sanchez, T., Boucourt,
R. & Halaihel, N. 2012. Identification and in vitro screening
of avian yeast for use as probiotic. Research in Veterinary
Science 93:798

Gonzalez, N., Galindo, J., Gonzalez, R., Sosa, A., Moreira, O.,
Delgado, D., Martin, E. & Sanabria, C. 2006. Utilizacion de
la técnica de PCR en tiempo real y de la produccion de gas in
vitro para determinar el efecto del 4cido bromoetano sulfonico
en la metanogénesis y la poblacion microbiana ruminal. Rev.
Cubana Cienc. Agric. 40:183

Gutiérrez, D., Elias, A., Garcia, R., Herrrera, F.R., Jordan, H. &
Sarduy, L. 2012. Efecto del aditivo microbiano VITAFERT
en el consumo de materia seca y fibra neutro detergente en
cabras Saanen alimentadas con heno de Brachiaria brizantha.
Rev. Cubana Cienc. Agric. 46:267

Hidalgo, K., Rodriguez, B., Valdivié, M. & Febles, M. 2009.
Utilizacion de la vinaza de destileria como aditivo para pollos
en ceba. Rev. Cubana Cienc. Agric. 43:281

Jordan, H. 2001. Suplemento granulado como activador ruminal.
Inventor: Jordan Vazquez, Humberto; (CU) 22660 A1(21)
No. de solicitud : 1997/050(51) Int. Cl: A23K 1/18. Oficina
Cubana de la Propiedad Industrial. Certificado de Autor de
Invencion. Ciudad de La Habana, Cuba

Jordan, H., Diaz, J.A. & Tuero, O. 2005. Estudio de la
suplementacion en pastoreo con granulado Jordan.
Comportamiento del consumo de granulado con dos cargas
en pastoreo. Rev. Cubana Cienc. Agric. 39:159

La O, O., Chongo, B., Ruiz, T.E., Scull, 1., Martinez, L. &
Fortes, D. 2001. Efecto del polietilenglicol (PEG) em la
degradabilidad in situ de nutrientes de Leucaena macrophylla
en rumen. Rev. Cubana Cienc. Agric. 35:135

Lon-Wo, E., Dale, N. & Cardenas, M. 2000. Uso de una 3-manasa
en dietas de maiz y soya para pollos de ceba. Rev. Cubana
Cienc. Agric. 34:231

Lon-Wo, E., Dale, N. & Cardenas, M. 2002. Complejo enzimatico
celulasa. Su potencialidad en dietas con Saccharina. Rev.
Cubana Cienc. Agric. 36:231

Lon-Wo, E. & Rodriguez, C. 1986. Una nota acerca del uso de
zeolita o cal sobre las camas de heno en la ceba de pollos. Rev.
Cubana Cienc. Agric. 20:261

Marrero, Y., Galindo, J., Aldama, A.l.,, Moreira, O. & Cueto,
M. 2006. Efecto in vitro de Saccharomyces cerevisiae en la
poblacién microbiana ruminal e indicadores fermentativos.
Rev. Cubana Cienc. Agric. 40:329

Marrero,D., Martinez, R.O. & Ribas, J.L. 1987. Efecto de la
bentonita en el comportamiento y fermentacion ruminal en
terneros alimentados con trigo. Rev. Cubana Cienc. Agric.
21:253.

177

Marrero, Y., Martin, E., Rodriguez, D. & Galindo, J. 2010. Efecto
de la inclusion de fracciones del cultivo de Saccharomyces
cerevisiae en la fermentacion ruminal in vitro de pasto estrella
(Cynodon nlemfitensis). Rev. Cubana Cienc. Agric. 44:161

Martinez, M., Castro, M., Ayala, L., Castafieda, S., Achang, J.
& Almeida, M. 2009. Efecto de una fitasa microbiana de la
levadura Pichia pastoris, en el comportamiento productivo
y la excrecion de nutrientes de cerdos en crecimiento. Rev.
Cubana Cienc. Agric. 43:163

Michelena, J.B. & Molina, A. 1987a. Efecto de diferentes niveles
de adicion de acido formico en la calidad del ensilaje de king
grass (Pennisetum purpureum X Pennisetum typhoide). Rev.
Cubana Cienc. Agric. 21:293

Michelena, J.B. & Molina, A. 1987b. Efecto de la adicion de
diferentes niveles de acido propidnico en la calidad del
ensilaje de king grass (Pennisetum purpureum X Pennisetum
typhoides). Rev. Cubana Cienc. Agric. 21:175

Molina, A.S., Febles, 1. & Sierra, J.F. 1997. Ensilaje de caia
de azlcar con sintesis proteica. Formulacion de los aditivos.
Rev. Cubana Cienc. Agric. 31:271

Molina, A.S., Sierra, J.F. & Febles, I. 1999. Ensilaje de cafia de
azucar con sintesis proteica. Efectos combinados del aditivo
y la densidad. Rev. Cubana Cienc. Agric. 33:215

Muiloz, E., Elias, A. & Suarez, J de D. 1987. SNA. Suplementos
nitrogenados activadores. Instituto de Ciencia Animal.
Primera edicion

OMS (Organizaciéon Mundial de la Salud) 2000. La industria
de la carne de EEUU responde a las recomendaciones de la
OMS sobre los antibioticos. Agrodigital. Fecha disponible:
20 de septiembre

Reglamento (CE) No. 1831/2003 del Parlamento Europeo y del
Consejo de la Unién Europea, de 22 de septiembre de 2003
sobre los aditivos en la alimentacion animal.

Reyes, J., Garcia, R. & Rey, S. 2003. Utilizacion de la zeolita y
el carbonato de calcio (CO3Ca), como aditivos en las mezclas
de mieles de cafia de azticar, enriquecidas con aceite vegetal y
harina proteica para vacas lecheras en pastoreo. Rev. Cubana
Cienc. Agric. 37:375

Sosa, A., Galindo, J., Bocourt, R., Rodriguez, R., Albelo, N.
& Oramas, A. 2010. Efecto de Aspergillus oryzae en la
fermentacion ruminal de Pennisetum purpureum vc. Cuba
CT-115 mediante la técnica de produccion de gas in vitro.
Rev. Cubana Cienc. Agric. 44:27

Received:



