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In vitro nutritional value of the M. paradisiaca peel, pretreated with xylanase enzyme
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Abstract

Objective: To evaluate the in vitro digestibility of the Musa paradisiaca L., pretreated with exogenous xylanase en-
zyme for feeding ruminants.
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Materials and Methods: A complete randomized design was applied, with for treatments and three repetitions, using
exogenous fibrolytic enzymes (xylanase). The treatments were: TO-Banana peel without enzymes (Control), T1-Bana-
na peel + 2 000 IU of enzyme/kg DM, T2-Banana peel + 4 000 IU of enzyme/kg DM and T3-Banana peel + 8 000 [U
of enzyme/kg DM. For conducting the experiment, 24 bottles were prepared and six bottles per treatment were used.
The chemical composition of the feedstuff was characterized. In addition, the in vitro dry matter apparent digestibility
was determined, which was measured at 24 and 48 h of incubation. Simultaneously, the gas production was recorded
at different times: 3, 6, 12, 24 and 48 h.

Results: The in vitro ruminal digestibility, at 24 and 48 h, with the utilization of xylanase, showed highly significant
differences among treatments (p < 0,05). The highest in vitro digestibility percentage at 24 h was in T2 (42,8 %), which
increased until 48 h (58,2 %). In the in vitro gas production, during the first three hours, no significant differences were
recorded among treatments; while at 6, 12, 24 and 48 h, there were differences among them (p < 0,01). The maximum
gas production was reached at 48 h, in treatment T2, with mean value of 284,29 mL/g DM. The lowest one corresponded
to T3 (229,7 mL/g DM).

Conclusions: The in vitro digestibility of the M. paradisiaca peel increased with the utilization of the fibrolytic enzyme. In
turn, the best results were obtained when 4 000 U of enzyme/kg DM of this enzyme were used.
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Introduction

The banana peel has a high nutritional val-
ue, mainly from the energy point of view, which
grants it great potential to be used in animal feed-
ing. Among its characteristics is its high dry mat-
ter content and dry concentration of non-fibrous
carbohydrates (Diniz et al., 2014). According to
Blasco-Lopez et al. (2014), it is a potential source of
antioxidant and antimicrobial substances, as well as sec-
ondary metabolites with activity, which eliminate free
radicals. It also has other compounds, such as anthocy-
anins (delphinidin and cyanidin) and catecholamines,
carotenoids (jB-carotene, a-carotene), xanthophylls, ste-
rols and triterpenes (B-sitosterols, stigmasterol, campes-
terol, Cycloeucalenol, cycloartenol and 24-methylene
cycloartenol).

Since the 60s and at present, nutritionists work
on the processes of rumen maturation, in order to
reach synchronization between the energy and ni-
trogen metabolites in the rumen and consequently,
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increase the productive response of the animals
(DiLorenzo et al., 2015; Mercadante et al., 2015). The
byproducts with high fiber content can contribute to
maintain a normal rumen pH, increase the digestion
of fibrous forages and pastures and, thus, increase
the dry matter intake of cattle. The effect of plant
secondary metabolites on feedstuff digestibility is
consequence of their action on rumen microorganisms
or their interaction with the substrate and microbial
enzymes (van Wyngaard et al., 2015).

The in vitro dry matter digestibility method
consists in a simulation of the rumen environment,
in which a reducer atmosphere is created, rich in
carbon dioxide and oxygen-free, with the minerals
and required pH to harbor the rumen microorgan-
isms. An incubation of the feedstuffs is done with
rumen liquid during 48 hours, with 39 °C of body
temperature in the cow and later with a neutral de-
tergent dissolution for one hour at 100 °C (Godoy-Es-
pinoza, 2012).
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In general, the improvements in ruminant
production with the utilization of supplementary
fibrolytic enzymes are ascribed to the increase of
ruminal fiber absorption. Many potential mecha-
nisms have been proposed, which include ruminal
effects and pre-feeding, as direct hydrolysis, struc-
tural changes in the fiber, increase of ruminal mi-
crobial fixation, stimulation of the rumen microbial
populations and synergism with the rumen micro-
bial enzymes (Giraldo et al, 2007).

Measuring digestibility is increasingly important,
due to the advance that has appeared in the current
feeding systems, in which nutrient availability at ru-
men level is calculated based on the competition be-
tween digestion rate and passage rate Espinoza-Guerra,
2016. The determination of in vitro gas production
is valuable for the nutritionist, because it provides
information about the fermentation kinetics of the
forage consumed by ruminants, which depends on
the passage rate and the degradation rate (Mould e?
al., 2005). The rate and reach of DM fermentation
in the rumen are determinant in the nutrients uti-
lized by ruminants (Jancik, ef al., 2010).

The relevance of the evaluation of the forage
nutritional value contributes importantly to outline
strategies to improve protein and energy ingestion
of grazing animals (Cline et al., 2010). The cur-
rent trend in cattle feeding is based on utilizing
fiber-rich agricultural residues (banana peel), as
feeding supplements, and on obtaining more prof-
itable productions (Gémez, et al., 2014).

Recently, due to the increasing interest in the
climate change, and taking into consideration the
contribution of animal husbandry to the green-
house gas emissions, the in vitro gas production has
also been used to estimate methane (Yanez-Ruiz et
al., 2016).

The objective of this study was to evaluate the
in vitro digestibility of Musa paradisiaca L. peel,
pre-treated with exogenous xylanase enzyme for
ruminant feeding.

Materials and Methods

Location. This study was conducted in the Bro-
matology Laboratory, of the School of Veterinary
Sciences, of the Manabi Technical University, loca-
ted in the Lodana Parrish, Santa Ana canton, Manabi
province, Ecuador, from August, 2018, to May, 2019.

Treatment and experimental design. The in vi-
tro dry matter digestibility (IVDMD) and gas pro-
duction (IVGP) were evaluated through a complete
randomized design, with four treatments and three

repetitions, with different doses of exogenous en-

zymes (xylanases). Both variables were determined

at 24 and 48 h. the treatments were the following:
T0-Banana peel without enzyme (control)

T1-Banana peel + 2 000 IU of enzyme/kg DM
T2-Banana peel + 4 000 IU of enzyme/kg DM
T3-Banana peel + 8 000 IU of enzyme/kg DM

Experimental procedure

Collection of the plant material. The green banana
peel (BP) sample (M. paradisiaca var. barraganete),
was obtained in a banana processing production fa-
cility. Through a simple sensorial analysis the organ-
oleptic characteristics of smell, color, texture and
maturity degree, were reviewed. Afterwards, 1 kg of
the sample was weighed in an analytical scale of
accuracy 0,01 g, and then it was dried. The BP was
dehydrated during 72 h, at 60 °C, in an artisanal de-
hydrator. Then, it was weighed again to determine
the dry matter percentage and it was ground to 2 mm
of diameter with a steel blade grinder (trademark
Willy IKA MF 10 Basic). The ground sample was
preserved in a plastic flask, duly labeled with the
characteristics of its content.

Preparation of the enzymatic solutions. Exogenous
fibrolytic xylanase (EC 3.2.1.4) from the commer-
cial laboratory Dyadic Internacional Inc. (Jupiter,
FL-USA) was used. The enzymatic activity of xy-
lanase was determined using 1 % wood xylan (Sig-
ma Chemical Co. St. Louis, MO); as pure substrate,
with 10 mg/mL diluted in phosphate-citrate buffer
0,1 M with pH 6,6 at 39°C (Bailey et al., 1992). The
enzyme was diluted 1:100, and it was applied with
a micropipette in the volumes that are described
next, according to the evaluated doses: Xylanases,
T1-2 000 IU of enzyme/kg DM, 0,5 mL + 1,5 mL of
distilled water in 0,5 g DM per flask, T2-4 000 TU
of enzyme/kg DM, 1 mL + 1 mL of distilled water
in 0,5 g DM per flask, T3-8 000 IU of enzyme/kg
DM, 2 mL + 0 mL of distilled water in 0,5 g of DM
per flask.

Treatment of the BPs with the enzyme. Once the
sample was weighed (0,5 g) in labeled transparent
glass vials, the xylan dose was applied, according to
the defined treatments. The different enzyme doses
were directly diluted with the aid of a micropipette
one hour after the filling process of the culture me-
dium for the beginning of anaerobic microbial fer-
mentation. The vials were placed in an incubator at
39 °C to maintain an adequate temperature at the
moment of filling.
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In vitro essays. As microbial inoculant, the ru-
men liquid extracted from two cattle cannulated in
the rumen was used, which was mixed and filtered
through linen and gauze to eliminate the residues
present. It was mixed with artificial saliva (AS) in
Y4 proportion (100 mL of rumen liquor with 400 of
AS). This mixture was called rumen fluid. After-
wards it was gassed with CO, from 10 to 20 minutes,
at temperature of 39 °C. After gassing, the rumen
fluid was transferred to the glass vials which al-
ready contained substrate (0,5 g of BP), besides the
enzyme applied per treatment (xylanase) in a vol-
ume of 50 mL, with the aid of a manual dosifier.
After filling, the vials was gassed again with CO,
during 10 seconds and sealed hermetically. The
time at which the fermentation process started was
recorded. Using a pressure transducer, the existing
pressure was established as level zero, in order to
calculate the in vitro gas production at the differ-
ent incubation times (3, 6, 12, 24 and 48 h). For de-
veloping the trial, 24 bottles were prepared (6 per
treatment). Three bottles per treatment were used to
determine the gas production at the above-indicated
times.

The in vitro apparent dry matter digestibility
(IVDMD) was measured at 24 and 48 h of incuba-
tion. Simultaneously, the gas production at different
times 3, 6, 12, 24 and 48 h, was determined, using a
pressure transducer (PSI) adapted to a needle num-
ber 23 (0,6 mm), model T443A (Bailey and Mackey,
Birmingham, UK) and connected to a visual device.

The gasses accumulated in the top were re-
moved with a syringe until the moment in which
the pressure recorded in the reader reached zero.
The reported values were in mL/g DM of substrate
and were estimated through the quadratic equation
proposed by Mauricio ef al. (1999):

Gp = 0,18 + 3,697 Pt + 0,0824 P¢

This process was repeated in all the flasks of
each box. After the readings, they were manually
agitated and relocated in the stove.
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Determination of the chemical composition.
The bromatological analyses of the BP were car-
ried out to know the content of dry matter (DM),
crude protein (CP), ashes (As) and organic matter
(OM), according to the methodology proposed by
the AOAC (2005). The content of neutral detergent
fiber (NDF) and acid detergent fiber (ADF) were
determined, following the technique suggested by
Goering & van Soest (1970).

Statistical analysis. The data were analyzed
from a variance analysis. For the mean comparison,
Tukey’s test (p < 0,05) was utilized. The statistical
package PROC GLM (SAS Institute, 2011) was used.

Results and Discussion

The chemical composition of M. paradisiaca is
shown in table 1. The organic matter was 91,6 %. In
a work conducted by Rios-Elizalde (2014), a value
of 88,6 % is reported when studying the peel from
another banana variety. This author also found ash
content of 11,4 %, higher value than the ones ob-
tained in this research.

The crude protein value (4,9 %) surpassed
the one reported by Encarnacion-Montero y Sali-
nas-Alvarado (2017), when carrying out the prox-
imal characterization and characterization of the
diet fiber of the green banana meal (2,4 %). In turn,
in meals of banana papocho and felipita, Espitia et
al. (2013) referred protein content of 6,7 and 2,4 %,
respectively. Hence the protein variation is directly
related to the variety.

In this study, the ash value was 8,4 %, which
is found directly associated to the high content of
minerals, such as calcium, potassium and magne-
sium. According to Montoya-Lopez et al. (2015),
this could be due to the banana variety that is eval-
uated. This value is lower than the one obtained by
Godoy-Espinoza (2016), when analyzing the chem-
ical composition of the banana meal with urea in
different formulations. This author found ash per-
centages that varied from 9,5 to 11,7 %.

Table 1. Chemical composition of the banana peel on dry basis (%).

Indicator Mean Standard deviation VC, %
oM 91,6 1,76 0,05
CP 5,0 0,50 0,20
NDF 45,0 1,31 0,03
ADF 30,8 1,88 0,06
Ash 8,38 1,13 0,13
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In this research, the NDF and ADF were 45,0
and 30,8 %, respectively. Similar values were ob-
tained by Mosquera-Perea ef al. (2013), when eval-
uating the NDF and ADF contents. These authors
referred numbers of 46,5 and 16,5 %, respectively.

The in vitro digestibility is an indicator of the
nutritional value of the feedstuffs (Mosquera-Pe-
rea et al., 2013). When determining the in vitro dry
matter digestibility, at 24 and 48 h of incubation,
differences were found among the treatments (ta-
ble 2). At 24 h, the highest digestibility values were
found in T1, T2 and T3, without significant differ-
ences among them; however, they differed from TO.

Similar performance was reported by Moreno e al.
(2007), when evaluating the effect of exogenous fi-
brolytic enzymes on the in vitro ruminal degradation
of diets for dairy cows. These authors found higher
digestibility when applying the enzyme (51,6 vs 50,3 %
without enzyme). In their results they refer that the
enzyme at 2 g/’kg DM improved the [VDMD in 2,5 %,
with regards to TO (without enzymes).

The results show that at 48 h, the digestibility
was higher in each of the treatments in which the
exogenous fibrolytic enzymes were included, with
regards to the control (T0). The highest values were
obtained in T2 and T3, without significant differences
between them, but they showed differences with
regards to T1. This last one significantly differed
from the control.

These results are similar to the ones found by
Win et al. (2015), who fed fistulated cattle with
corn silage, and observed differences in the differ-
ent times that were evaluated when using fibrolytic
enzymes in ruminal digestibility.

Valencia-Trujillo ef al. (2010), when evaluating
the in vivo digestibility in sheep, mention that the
fiber content contained by pastures and forages in-
fluences the performance of ruminal fermentation.
These are indicators that should be considered,
when applying fibrolytic enzymes. Nevertheless,
Pedraza et al. (2003) refer that the variations in di-
gestion can be ascribed to the effect of such fac-
tors as species and cultivar, plant management and
edaphoclimatic conditions.

Moreno et al. (2007) and Giraldo et al. (2007)
mention that during the first hours the enzymes
show higher activity on the substrate, and stimu-
late the initial phase of digestibility. These authors
mention that the activity of enzymes decreases as
the fermentation time advances.

The high IVDMD values have been associat-
ed with the capacity of ruminants to maintain ade-
quate production levels, because this is an indicator
of the capacity of a feedstuff to contribute nutrients
to the rumen flora (Lazo-Salas et al., 2018).

In many cases, it is considered that the lignifi-
cation content in cellulose and hemicellulose of
the substrate is one of the factors that influence the
digestion time of the substrate (Montenegro ef al.,
2018). Reséndiz (2013) states that by increasing the
quantity of the enzyme and fiber of the diet a barrier
is formed that serves as protection against the at-
tack of microorganisms, thus reducing digestibility.

In this study, the results of in vitro gas production
(IVGP), at 3, 6, 12, 24 and 48 h, showed that during the
first three hours no significant differences were recorded
among treatments (table 3); while, at 6, 12, 24 and 48 h,
there were statistical differences among them (p < 0,01).

Table 2. Effect of exogenous fibrolytic enzymes on the in vitro DM digestibility

(%) in the banana peel.

Incubation time, hours

Treatment
24 48
TO 22,9 27,2¢
T1 38,20 42,20
T2 42.8° 58,2°
T3 39,6 48,5
SE + 2,320 3,470
P - value 0,0001 0,0001

T0-Banana peel without enzyme (Control), TI-Banana peel + 2 000 IU of enzyme/kg DM,
T2-Banana peel + 4 000 IU of enzyme/kg DM; T3-Banana peel + 8 000 IU of enzyme/kg DM
abc: Different letters in the same column significantly differ (p < 0,05)
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Table 3. In vitro gas production (mL/0,5 g DM of the banana peel).

Incubation time, hours

Treatment
3 6 12 24 48
TO 1,6 £0,35 54+1,07° 42,4 £1,01° 125,9 + 4,41° 248,5 + 11,04
T1 5,5+ 3,91 7,6 +4,19° 40,7 +£9,03° 118,5 +£5,25% 239,4 + 34,78
T2 2,2+0,41 20,7 +0,68° 60,7 £1,25* 143,6 + 4,14° 2843 +11,68°
T3 3,6+£0,77 9,8 +0,55° 14,7 + 1,33¢ 108,7 + 4,34¢ 229,7 +10,70°
P - value 0,1532 0,001 0,0001 0,0001 0,0439

TO0-Banana peel without enzyme (Control), T1-Banana peel + 2 000 IU of enzyme/kg DM, T2-Banana peel +
4000 IU of enzyme/kg DM; T3-Banana peel + 8 000 IU of enzyme/kg DM
abc: Different letters in the column significantly differ (p < 0,05)

The maximum gas production (GP), reached
by 48 h, was recorded in treatment T2, with mean
of 284,3 mL/g DM. the lowest one was obtained in
treatment T3 (229,7 mL/g DM). In this period, the
fractional rate of GP was not significant between
TO and T1, which is associated to the quantity of the
enzyme added in each of these treatments. Never-
theless, in the last two treatments (T2 and T3) sta-
tistical differences (p < 0,05) were found. Yet, in
this research it was observed that the highest con-
centration of enzymes reduced the GP compared
with the control treatment.

The results of the in vitro GP show that during
the first six hours a similar performance appeared in
each of the treatments (TO, T1 and T3), but with sig-
nificant differences compared with T2 (p < 0,001).
At 12 h, significant differences were found among
the treatments (p < 0,001). The highest GP was ob-
tained in T2 and the lowest, in T3. Meanwhile, at 48
h no statistical differences were found in TO, T1 and
T2, but they were found with regards to T4 (p <0,05).

Studies conducted by Rubanza et al. (2005)
coincide in reporting that a high enzyme dose pro-
duces accumulation of final products in the bot-
tle. Generally, the accumulation of these reaction
products decreases the action rate of the enzyme.
In some cases, they are combined with the enzyme
active site and form a complex system, which inhib-
its the enzymatic activity.

The highest gas production could be due to the
content of soluble carbohydrates, because the produc-
tion of volatile fatty acids is determined by the ac-
tion of microorganisms on carbohydrate metabolites
(Silva-Ruilova, 2017). The report by Velazquez et al.
(2013) corroborates this idea, when affirming that the
gas volume produced and DM degradation show a
positive correlation. This implies that by increasing
DM degradation, gas production increases.

Conclusions

The in vitro digestibility of the M. paradisiaca
peel increased with the utilization of the fibrolytic
enzyme. In turn, the best results were obtained
when 4 000 IU of enzyme/kg DM were used.

Acknowledgements

The authors thank Dr. Edis Macias Rodriguez,
PhD, and the Technical University of Manabi for
the support offered during the development of this
research.

Authors’ contribution

* Richard Cornejo-Cornejo. Director of the re-
search.

e Jos¢ Luis Azim-Gonzalez. Technical revision
and experimentation.

»  Wagner Gorozabel-Mufioz. Adaptation and tech-
nical revision.

 Plinio Vargas-Zambrano. Analysis, statistical con-
tribution and experimentation.

* Freddy Mendoza-Rivadeneira. Bibliographic re-
view and experimentation.

* Ricardo Macias-Barbera. Collaboration of mi-
crobiological analyses.

Conflicts of interests

The authors declare that there are no conflicts
among them.

Referencias bibliograficas

AOAC. Official methods of analysis. 18th. Ed. Was-
hington D.C.: Association of Officiating Analyti-
cal Chemists, 2005.

Bailey, M.; Biely, P. & Poutanen, Kaisa. Interlabo-
ratory testing of methods for assay of xylanase
activity. J. Biotech. 23 (3):257-270, 1992. DOL:
https://doi.org/10.1016/0168-1656(92)90074-J.

Blasco-Lopez, Gabriela & Gomez-Montafio, F. J. Pro-
piedades funcionales del platano (Musa sp). Rev.
Med. UV. p. 23-24, 2014. https:/www.uv.mx/rm/



Pastos y Forrajes, Vol. 43, No. 1, 11-17, 2020
Richard Cornejo-Cornejo

num_anteriores/revmedica_voll4 num?2/articu-
los/propiedades.pdf.

Cline, H. J.; Neville, B. W.; Lardy, G. P. & Caton, J.
S. Influence of advancing season on dietary com-
position, intake, site of digestion, and microbial
efficiency in beef steers grazing season-long or
twice-over rotation native range pastures in wes-
tern North Dakota. J. Anim. Sci. 88 (8):2812-2824,
2010. DOI: https://doi.org/10.2527/jas.2009-2658.

DiLorenzo, N.; Rostoll, L.; Ardanaz, S.; Guevara-Ba-
llesteros, R.; Garcia-Ascolani, M. & Ruiz-More-
no, M. Manipulacion de la fermentacion ruminal
para mejorar la productividad en ganado bovino.
XVII Congreso Bienal AMENA. Marianna, USA:
University of Florida, North Florida Research
and Education Center, 2015.

Diniz, Thays; Granja-Salcedo, Tatiana; Oliveira, M. Z. de
& Viegas, R. Uso de subproductos del banano en la
alimentacion animal. RECIA. 6:194-212, 2014. DOI:
https://doi.org/10.24188/recia.v6.n1.2014.260.

Encarnacion-Montero, S. S. & Salinas-Alvarado, J. D.
Elaboracion de harina de platano verde (Musa
paradisiaca) y su uso potencial como ingredien-
te alternativo para pan y pasta fresca. Proyecto
especial de graduacion presentado como requi-
sito parcial para optar al titulo de Ingenieros en
Agroindustria Alimentaria en el grado académi-
co de Licenciatura. Zamorano, Honduras: Escue-
la Agricola Panamericana, 2003.

Espinoza-Guerra, 1. Caracteristicas fermentativas y
nutritivas de ensilajes de forrajes tropicales con
diferentes niveles de inclusion de residuos agroin-
dustriales de cdscara de maracuya (Passiflora
edulis). Tesis doctoral. Cérdoba, Espafia: Univer-
sidad de Cérdoba, 2016.

Espitia, P.; Pardo, Y. & Montalvo, A. Caracteristi-
cas del analisis proximal de harinas obtenidas
de frutos de platanos variedades Papocho y
Pelipita (Musa ABB Simmonds). Acta Agron.
62 (3):189-195, 2013. https:/www.redalyc.org/
pdf/1699/169929773002.pdf.

Giraldo, A.; Tejido, L.; Ranilla, Maria J. & Carro, Ma-
ria D. Effects of exogenous fibrolytic enzymes
on in vitro ruminal fermentation of substrates
with different forage:concentrate ratios. Anim.
Feed Sci. Technol. 141 (3-4):306-325,2007. DOI:
https://doi.org/10.1016/j.anifeedsci.2007.06.013.

Giraldo, L. A.; Ranilla, Maria J.; Tejido, M. L. & Ca-
rro, Maria D. Influence of exogenous fibrolytic
enzymes and fumarate on methane production,
microbial growth and fermentation in Rusitec
fermenters. Br. J. Nutr. 98 (4):753-761, 2007.

Godoy-Espinoza, V. H. Valoracion de la composicion
quimica y cinética de fermentacion y degrada-
bilidad ruminal in vitro de dietas con diferentes
inclusiones de harina de banano y urea. Master
en Zootecnia y Gestion Sostenible: Ganaderia

Ecologica e Integrada. Cordoba, Espafia: Uni-
versidad de Cordoba, 2012.

Goering, H. & van Soest, P. F. Forage fibre analy-
sis. Apparatus, reagents, procedures and some
applications). USA: Agricultural Research Ser-
vice, USDA, 1970.

Gomez-Urrego, J. M.; Correa-Londono, G. & Baraho-
na-Rosales, R. Evaluacion del residuo del cultivo
de Agaricus bisporus como alimento de vacas le-
cheras en lactancia media. Rev. Fac. Nac. Agron.,
Medellin. 67 (2):7321-7333, 2014. DOI: https://doi.
org/10.15446/rfnam.v67n2.44175.

Jancik, F.; Koukolova, Veronika & Homolka, P. Ru-
minal degradability of dry matter and neutral
detergent fibre of grasses. Czech J. Anim. Sci. 55
(9):359-371, 2010.

Lazo-Salas, G. J.; Rojas-Bourrillon, A.; Campos-Grana-
dos, C. M.; Zumbado-Ramirez, C. & Lopez-Herre-
ra, M. Caracterizacion fermentativa y nutricional
de mezclas ensiladas de corona de pifia con guineo
cuadrado Musa (ABB) I. Parametros fermentati-
vos, analisis bromatoldgico y digestibilidad in vi-
tro. Nutricion Animal Tropical. 12 (1):59-79, 2018.
DOL: https://10.15517/nat.v12i1.33847.

Mauricio, R. M.; Mould, F. L.; Dhanoa, M. S.; Owen,
E.; Channa, K. S. & Theodorou, M. K. A se-
mi-automated in vitro gas production technique
for ruminant feedstuff evaluation. Anim. Feed
Sci. Technol. 79 (4):321-330, 1999. DOI: https:/
doi.org/10.1016/S0377-8401(99)00033-4.

Mercadante, V. R.; Waters, K. M.; Marquezini, G. H.;
Henry, D. D.; Ciriaco, F. M.; Arthington, J. D. et
al. Effects of anti-phospholipase A(2) antibody
supplementation on dry matter intake feed effi-
ciency, acute phase response, and blood differen-
tials of steers fed forage- and grain-based diets.
J. Anim. Sci. 93 (2):776-785, 2015. DOLI: https:/
doi.org/10.2527/jas.2014-7958.

Montenegro, L.; Espinoza, I.; Sanchez, A.; Barba, C.;
Garcia, A.; Requena, F. et al. Composicion quimi-
ca y cinética de degradacion ruminal in vitro del
ensilado de pasto saboya (Megathyrsus maximus)
con inclusion de residuos de frutas tropicales. Re-
vista Cientifica, FVC-LUZ. 28 (4):306-312, 2018.

Montoya-Lopez, J.; Quintero-Castafio, V. D. & Lu-
cas-Aguirre, J. C. Caracterizacion de harina y
almidon de frutos de banano Gros Michel (Musa
acuminata AAA). Acta Agron. 64 (1):11-21, DOLI:
http://dx.doi.org/10.15446/acag.v64n1.38814.

Moreno, R.; Pinos-Rodriguez, J. M.; Gonzélez, S.; Al-
varez, G.; Garcia, J. C.; Mendoza, G. et al. Efecto
de enzimas fibroliticas exdgenas en la degradacion
ruminal in vitro de dietas para vacas lecheras.
INCI. 32 (12):850-853, 2007.

Mosquera-Perea, Dissa E.; Martinez-Guardia, Mélida;
Medina, H. H. & Hinestroza, Leidy 1. Caracteri-
zacion bromatologica de especies y subproductos



In vitro nutritional value of the M. paradisiaca peel, pretreated with xylanase enzyme

vegetales en el tropico himedo de Colombia.
Acta Agron. 62 (4):326-332, 2013.

Mould, F. L.; Morgan, R.; Kliem, E. & Krysstallidou, E.
A review and simplification of the in vitro incubation
medium. Anim. Feed Sci. Tecnol. 123-124:155-172,
2005. DOI: https://doi.org/10.1016/j.anifeeds-
¢i.2005.05.002.

Pedraza, R. M.; La, O. O.; Estévez, J.; Guevara, G. &
Martinez, S. Degradabilidad ruminal efectiva y
digestibilidad intestinal in vitro del nitrégeno del
follaje de leguminosas arboreas tropicales. Pas-
tos y Forrajes. 26 (3):237-241, 2003.

Resendiz, C. V.; Hernandez, O.; Guerrero, I.; Gallegos,
J.; Martinez, P. A. & Sanchez, C. Engorda de cor-
deros Pelibuey con diferente nivel de alfalfa en la
dieta. Arch. de zootec. 62 (239):457-467, 2013.

Rios-Elizalde, Paola E. Cinética de bioadsorcion de
arsénico utilizando cascara de banano maduro
en polvo. Tesis de titulacion previo a la obtencion
del grado de Ingeniera en Alimentos. Machala,
Ecuador: Unidad Académica de Ciencias Quimi-
cay de la Salud, UTMACH, 2014.

Rubanza, C. D. K.; Shem, M. N.; Otsyna, R.; Baken-
gesa, S. S.; Ichinohe, T. & Fujihara, T. Polyphe-
nolics and tannins effect on in vitro digestibility
of selected Acacia species leaves. Anim. Feed
Sci. Technol. 119 (1-2):129-142, 2005. DOI: ht-
tps://doi.org/10.1016/j.anifeedsci.2004.12.004.

SAS. SA4S user’s guide: Statistics. Version 9.3. Cary,
USA: Statistical Analysis System Institute, 2011.

Silva-Ruilova, J. O. Fermentacion ruminal in vitro y
cinética de degradacion ruminal in situ de dietas

Pastos y Forrajes, Vol. 43, No. 1, 11-17, 2020

a base de fruta de pan (Artocarpus altilis). Te-
sis de grado Ingenieria Agropecuaria. Ambato,
Ecuador: Universidad Técnica de Ambato, 2017.

Valencia-Trujillo, Liliana; Restrepo-Paredes, J.; Ce-
ron-Hernandez, D. E. & Herrera-Garcia, W. F.
Determinacion de la digestibilidad in vivo en
ovinos utilizando dietas a base de forrajes tropi-
cales. RIAA. 1 (1):25-29, 2010.

van Wyngaard, J. D \V.; Meeske, R. & Erasmus, L. J.
Effect of palm kernel expeller as supplementa-
tion on production performance of Jersey cows
grazing kikuyo-ryegrass pasture. Anim. Feed
Sci. Technol. 199:29-40, 2015. DOI: https://doi.
org/10.1016/j.anifeedsci.2014.10.017.

Velasquez, R.; Noguera, R. R. & Posada, Sandra. Pro-
cesamiento del grano de maiz sobre la cinética
de degradacion de la materia seca in vitro. Revis-
ta MVZ Cérdoba. 18 (3):3877-3885, 2013. DOI:
https://doi.org/10.21897/rmvz.160.

Win, K. S.; Ueda, K. & Kondo, S. Effects of grass hay
proportion in a corn silage-based diet on rumen
digesta kinetics and digestibility in dairy cows.
Anim. Sci. J. 86 (9):833-841, 2015. DOI: https://
doi.org/10.1111/asj.12365.

Yafez-Ruiz, D. R.; Bannink, A.; Dijkstra, J.; Kebreab,
E.; Morgavi, D. P.; P., O’Kiely et al. Design, im-
plementation and interpretation of in vitro batch
culture experiments to assess enteric methane
mitigation in ruminants—a review. Anim. Feed
Sci. Technol. 216:1-18, 2016. DOI: https://doi.or-
2/10.1016/j.anifeedsci.2016.03.016.



