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Effect of whey on solid state fermentation of coffee (Coffea arabica L.)
pulp for feeding ruminants

Efecto del suero de leche en la fermentacion en estado solido de la pulpa
de café (Coffea arabica L.) para uso en la alimentacion
de rumiantes

L. A. Aguirre!, Zoraya Rodriguez?, R. Boucourt?, V. Saca', R. Salazar' and M. Jiménez'
!Universidad Nacional de Loja, La Argelia, Casilla letra S, Loja, Ecuador
’Instituto de Ciencia Animal, Apartado postal 24, San José de las Lajas, Mayabeque, Cuba
Email: luis.aguirre@unl.edu.ec

In order to evaluate the effect of the inclusion of different
levels of whey in the solid state fermentation of coffee pulp, an
experiment was carried out using a completely randomized design
with a 4 x 4 factorial arrangement, with three repetitions. Factor
A corresponded to whey levels (0, 5, 10 and 15 %) and B, to
fermentation time (0, 24, 48 and 72 hours). The fermentation was
carried out in Erlenmeyer of 1000 mL, and each flask constituted
an experimental unit. The fermentative indicators (pH and NH,)
were measured and the bromatological analysis was carried out:
dry matter, ashes, crude protein, crude fiber, true protein, neutral
detergent fiber and cellular content. The results showed interaction
among the factors under study for the content of NH,, dry matter,
crude protein, crude fiber, neutral detergent fiber and cellular
content. There was no interaction for pH, true protein and ashes.
The high content of crude protein (28.2 %, P<0.001), true protein
(17.21 %, P<0.001) and crude protein / true protein relation
(64.7 %, P<0.001) was obtained in the treatment with 10 % of
whey until 48 h of fermentation. It is concluded that the inclusion
of 10 % of whey in the solid state fermentation of coffee pulp up
to 48 h improves the fermentation process, with marked increase
of crude protein, true protein, and CP/TP relation. Although fiber
components remain high, the use of whey in the preparation of
rations for feeding ruminants could be encouraged.
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The use of agro-industrial residues by-products
in animal feed is a trend in the new millennium
(Martin 2009). This practice contributes to reduce
environmental pollution (Saval 2012), helps improve
the diet of animals and also allows to increase
technical and economic indicators in livestock
production systems (Goémez et al. 2013).

The benefit of moist coffee (Coffea arabica L.)
generates large volumes of pulp. According to several
authors (Bressani et al. 1972, Ramirez et al. 1999,
Morgan 2003, Munguia 2015 and Pinto et al. 2017),
coffee pulp has an appreciable nutritional value.
However, its high content of humidity, fiber and anti-
nutritional substances limits its use as a single diet in
animal feed (Noriega et al. 2009), so it needs a previous
process of transformation.

Solid state fermentation (SSF) allows to improve the
nutritional quality of agricultural residues. From the use
of carbohydrates and in the presence of a nitrogen source,

Para evaluar el efecto de la inclusion de diferentes niveles de suero
de leche en la fermentacion en estado solido de la pulpa de café, se
realizé un experimento mediante diseflo completamente aleatorizado
con arreglo factorial 4 x 4, con tres repeticiones. El factor A
correspondio a los niveles de suero de leche (0, 5, 10y 15%) y el B,
al tiempo de fermentacion (0, 24, 48 y 72 horas). La fermentacion
se realizo en Erlemeyer de 1000 mL, cada frasco constituyd una
unidad experimental. Se midieron los indicadores fermentativos (pH
y NH,) y se realizo el andlisis bromatologico: materia seca, cenizas,
proteina cruda, fibra cruda, proteina verdadera, fibra detergente neutro
y contenido celular. Los resultados mostraron interaccion entre los
factores en estudio para el contenido de NH,, materia seca, proteina
cruda, fibra cruda, fibra detergente neutro y contenido celular. No
fue asi para el pH, proteina verdadera y cenizas. Se destaco el alto
contenido de proteina cruda (28.2 %, P<0.001), proteina verdadera
(17.21 %, P<0.001) y la relacion proteina cruda/proteina verdadera
(64.7 %, P < 0.001) en el tratamiento con 10 % de suero de leche
hasta las 48 h de fermentacion. Se concluye que la inclusion de 10
% de suero de leche en la fermentacion en estado solido de pulpa
de café hasta las 48 h mejora el proceso fermentativo, con marcado
incremento de la proteina cruda, proteina verdadera, y relacion PC/PV.
Aunque los componentes fibrosos se mantienen elevados, se podria
propiciar el uso del suero de leche en la elaboracion de raciones para
la alimentacion de rumiantes.

Palabras clave: residuos agricolas, indicadores fermentativos, nutrientes.

El uso de residuos agroindustriales en la alimentacion
animal es una tendencia en el nuevo milenio (Martin
2009). Esta practica contribuye a disminuir la
contaminacion ambiental (Saval 2012), ayuda a mejorar
el régimen alimentario de los animales y permite ademas,
incrementar los indicadores técnicos y econdmicos en los
sistemas de produccion pecuaria (Gomez et al. 2013).

El beneficio del café humedo (Coffea arabica L)
genera grandes volimenes de pulpa. Segln varios
autores (Bressani ef al. 1972, Ramirez et al. 1999,
Morgan 2003, Munguia 2015 y Pinto et al. 2017),
la pulpa de café posee un valor nutritivo apreciable.
Sin embargo, su alto contenido de humedad, fibra y
sustancias anti nutricionales limitan su uso como dieta
unica en la alimentacion animal (Noriega et al. 2009),
por lo que necesita un proceso previo de trasformacion.

La fermentacion en estado solido (FES) permite mejorar
la calidad nutritiva de los residuos agricolas. A partir del
uso de los carbohidratos y en presencia de una fuente
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the synthesis of microbial protein, the reduction of anti-
nutritional substances, as well as the improvement of
their organoleptic characteristics are achieved (Chavez
etal. 2009, Pelaez et al. 2011 and Palmerin ez al. 2011).
Growth and development of the epiphytic microflora
present in the substrate can be enhanced by the addition
of non-protein nitrogen, easily fermented carbohydrates
and minerals (Elias ef al. 1990, Valifio ef al. 1998 and
Rodriguez 2004). Morgan (2003), through SSF, with
addition of 10 % of molasses, 1.5 % of urea and 0.5 %
of mineral salts, obtained an enriched coffee pulp, with
a chemical composition of 91.15 % of residual DM,
23.5 % of CP, 16.4% of true protein, 20.5 % of CF and
17.8 of ash.

In Loja province, Ecuador, the availability of coffee
pulp and by-products like whey, which are low-cost and
have a limited use in animal feed, is high. The objective
of this study was to evaluate the effect of the inclusion
of different levels of whey in the SSF of coffee pulp, to
contribute to improve its nutritional value and facilitate
its use in ruminant feeding.

Materials and Methods

Location. The experiment was conducted in the
bromatology laboratory of the National University of
Loja, Ecuador, located at south west of Loja city, at an
altitude of 2,160 m.o.s.1., mean temperature of 16.2 °C,
mean annual precipitation of 1,338 mm and relative
humidity of 76% (INAMHI 2014).

Treatments and experimental design. The effect of
the inclusion of whey in the SSF of coffee pulp was
evaluated by a completely randomized design, with a
4 x 4 factorial arrangement. Factor A corresponded to
whey levels (0, 5, 10 and 15 %) and B, to fermentation
time (0, 24, 48 and 72 hours).

Obtaining experimental material. Coffee pulp
corresponded to Coffea arabica species, Typica
variety. It was obtained in the plant of the Asociacion
Agro-artesanal de Productores Ecologicos de Café
Especial (APOCAEL), located in the parish of San
Pedro de Vilcabamba, in Loja canton (Ecuador).
The residue was obtained on the third day of the
pulping by stratified sampling. Later, it was taken
to the laboratory in a polyethylene container. Whey,
used as a source of easily fermented carbohydrates,
corresponded to a fresh by-product, obtained in the
processing of cow milk for the production of fresh
cheese, with the use of enzymes, which is why it
is also known as sweet serum. Table 1 shows the
bromatological composition of the fresh coffee pulp
and whey used in the experiment.

Experimental procedure. The SSF was carried out
in Erlenmeyer flasks of 1000 mL, each one was an
experimental unit. Three repetitions were used for
each treatment. Based on the experimental treatments,
100 g of the substrate were weighed, which included
coffee pulp and whey (W), accordingly. An amount of
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nitrogenada, se logra la sintesis de proteina microbiana, la
reduccion de sustancias anti nutricionales, asi como mejora
sus caracteristicas organolépticas (Chavez et al. 2009,
Pelaez et al. 2011 y Palmerin ef al. 2011). El crecimiento
y desarrollo de la microflora epifita presente en el sustrato
se puede potenciar con la adicion de nitrégeno no proteico,
carbohidratos de facil fermentacion y minerales (Elias et
al. 1990, Valifo et al. 1998 y Rodriguez 2004). Morgan
(2003) mediante FES, con adicion de 10 % de miel,
1.5% deureay 0.5 % de sales minerales, obtuvo la pulpa de
café enriquecida, con composicion quimica de 91.15 % de
MS residual, 23.5 % de PC, 16.4 % de proteina verdadera,
20.5 % de FC y de 17.8 de cenizas.

En la provincia de Loja, Ecuador, es alta la
disponibilidad de pulpa de café y subproductos como el
suero de leche vacuna, que son de bajo costo y que tienen
un uso limitado en la alimentacién animal. El objetivo
de este trabajo fue evaluar el efecto de la inclusion de
diferentes niveles de suero de leche en la FES de la pulpa
de café, para contribuir a mejorar su valor nutritivo y
facilitar su utilizacion en la alimentacion de rumiantes.

Materiales y Métodos

Localizacion. El experimento se realizd en el
laboratorio de bromatologia de la Universidad Nacional
de Loja, Ecuador, ubicada al sur occidente de la ciudad
de Loja, a una altitud de 2160 msnm, temperatura media
de 16.2 °C, precipitacion media anual de 1338 mm y
humedad relativa de 76 % (INAMHI 2014).

Tratamientos y diserio experimental. Se evalud el
efecto de la inclusion de suero de leche en la FES de
la pulpa de café mediante un disefio completamente
aleatorizado, con arreglo factorial 4 x 4. El factor A
correspondi6 a los niveles de suero de leche (0, 5, 10 y
15 %)y el B, al tiempo de fermentacion (0, 24, 48 y 72 horas).

Obtencion del material experimental. La pulpa de
café correspondio a la especie Coffea arabica, variedad
Typica. Se obtuvo en la planta de la Asociacion Agro-
artesanal de Productores Ecolégicos de Café Especial
(APOCAEL), ubicada en la parroquia San Pedro de
Vilcabamba, del cantén Loja (Ecuador). La obtencion
del residuo se realizo al tercer dia del despulpe mediante
muestreo estratificado. Posteriormente, se llevo al
laboratorio en recipiente de polietileno. El suero de
leche, utilizado como fuente de carbohidratos de facil
fermentacion, correspondi6é a un subproducto fresco,
obtenido en el procesamiento de la leche de vaca para la
produccion de queso fresco con el uso de enzimas, por
lo que también se le conoce como suero dulce. La tabla 1
muestra la composicion bromatoldgica de la pulpa de café
fresca y del suero de leche utilizados en el experimento:

Procedimiento experimental. La FES se realiz6
en Erlenmeyer de 1000 mL, cada uno constituyé una
unidad experimental. Se emplearon tres repeticiones
por cada tratamiento. En funcién de los tratamientos
experimentales, se pesaron 100 g totales del sustrato que
incluy¢ la pulpa de café y el suero de leche (SL), segin
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Table 1. Bromatological composition of fresh coffee pulp and cow whey.

Nutrients Fresh coffee pulp ~ Fresh cow whey
Dry matter 22.38 7.1

Ashes 10.3 0.6

Ether extract 2.23 0.9
Crude protein 10.18 0.7
Crude fiber 18.5 -
Neutral detergent fiber 42.54 -
Cellular content 57.46 -

Lactose

- 4.9

1.5 % of urea and 0.5 % of mineral salts was added
to all treatments. It was incubated at 26 °C during
the established periods. For the determination of
fermentation indicators, samples were taken according
to the methodology of Elias et al. (1990). The pH was
measured with portable digital potentiometer of four
digits (ATC brand) and ammonia, according to the
McCulloug (1967) technique, with absorbance readings
at 650 nm. A Shimadzu UV 1800 spectrophotometer
was used for this purpose.

The rest of the fermented product was brought to
the oven for dehydration at 65 °C. After grinding, the
bromatological analysis was carried out. Dry matter
(DM), ash (A), crude fiber (CF) and crude protein (CP)
were determined according to AOAC (2005) procedures
and true protein (PV) by Bernstein (1970). Neutral
detergent fiber (NDF) and cellular content (CC) were
calculated according to the procedure of Goering and
van Soest (1970).

Statistical analysis. Data was processed with
Insfostat V2 statistical package (Di Rienzo et al. 2012).
To determine the difference among means, Duncan
(1955) test was applied.

Results and Discussion

The SSF of coffee pulp with different whey levels
(0, 5, 10 and 15 %) and fermentation time (0, 24, 48
and 72 h) revealed interaction in some indicators such
as NH,, DM, CP, CF, NDF and CC, not so in pH, TP
and ash.

Table 2 shows the performance of pH. According
to fermentation time, it remained stable until 48 h, and
increased 0.77 units at 72 h (P <0.001). Regarding the
levels of inclusion of whey (W), there was no change
in pH at lower levels, with values close to 5. This could
probably be a result of the accumulation of the pulp
in the plant for three days, which favored its natural
fermentation. This state generated organic acids from
the present carbohydrates, which was evidenced in the
metabolic heat in the pile. However, at the 15 % level
of W, the pH increased by 1.32 units, with respect to
the treatment without W. This could be explained by
the increase of NH,, product of the deamination of urea
and other amino acids present in the whey or also by the

correspondia. Se adicion6 1.5 % de urea y 0.5 % de sales
minerales a todos los tratamientos. Se incub6 a 26 °C
durante los periodos establecidos. Para la determinacion
de los indicadores de fermentacion, se realiz6 la toma de
muestras segun la metodologia de Elias et al. (1990). El
pH se midi6 con potenciémetro digital portatil de cuatro
digitos (marca ATC) y el amoniaco, segln la técnica de
McCulloug (1967), con lecturas de absorbancia a 650
nm. Se utilizé para ello un espectrofotometro marca
Shimadzu UV 1800.

El resto del producto fermentado se llevo a la estufa
para su deshidratacion a 65 °C. Luego del molido, se
continu6 el analisis bromatologico. La materia seca
(MS), cenizas (C), fibra cruda (FC) y proteina cruda
(PC) se determinaron segun procedimientos de la AOAC
(2005); proteina verdadera (PV) por Bernstein (1970).
La fibra detergente neutro (FND) y el contenido celular
(CC) se calcularon segtin procedimiento de Van Soest
etal (1991).

Andalisis estadistico. Los datos se procesaron con el
paquete estadistico Insfostat V2 (Di Rienzo et al. 2012).
Para determinar la diferencia entre medias se aplico la
ddécima de Duncan (1955).

Resultados y Discusion

La FES de pulpa de café con diferentes niveles de
suero de leche (0, 5, 10y 15 %) y tiempo de fermentacion
(0, 24, 48 y 72 h) revelo interaccion en algunos
indicadores como NH,, MS, PC, FC, FDN y CC, no asi
en el pH, PV y cenizas.

La tabla 2 muestra el comportamiento del pH. De
acuerdo con el tiempo de fermentacion, se mantuvo
estable hasta las 48 h, y se increment6 0.77 unidades a las
72 h (P<0.001). Con respecto a los niveles de inclusion
de suero de leche (SL), no hubo modificacion del pH
en los niveles inferiores, con valores cercanos a 5. Esto
se pudo deber, probablemente, a que la pulpa estuvo
acumulada en la planta durante tres dias, lo que favorecio
su fermentacion natural. Este estado generd acidos
organicos a partir de los carbohidratos presentes, hecho
que se evidenci6 en el calor metabodlico en la pila. Sin
embargo, en el nivel del 15 % de SL, el pH se increment6
en 1.32 unidades, con respecto al tratamiento sin SL. Esto
se podria explicar por el incremento de NH,, debido a la
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decrease in the concentration of short-chain fatty acids
(SCFA), as aresult of the synthesis of microbial protein.

Pulido et al. (2016) also reported of increases in
pH over time in the SSF of pear residues (40% pear,
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desaminacion de la urea y otros aminoacidos presentes en
el suero o también por la disminucion de la concentracion
de acdos grasos de cadena corta (AGCC), como resultado
de la sintesis de proteina microbiana.

Table 2. Effect of whey (W) on pH during the dynamics of SSF of coffee pulp

Fermentation time (hours)

Indicators SE(+) Sig.
0 24 48 72
4,62 4,85 5.18% 5.39¢ 0.14
P=0.0006
pH Whey levels
0 10 15 0.14
4.56° 477 4.85 5.88° P<0.0001

abe Different superscripts indicate significant differences (P<0.05), Duncan (1955)

25% rice meal, 25 % wheat bran and 10 % urea),
as well as Borras ef al. (2017) in the SSF of potato
residues, inoculated with a microbial preparation and
the inclusion of 15 % of fiber materials, although the
values at 48 h did not exceed 5.2. However, Morgan
(2003), in the SSF of coffee pulp with different levels
of final molasses, obtained a pH increase at 48 h, with
values close to alkalinity. Brea ez al. (2015) in the SSF
of breadfruit tree meal and Chafla (2016) in cocoa peel
with different levels of urea, also reported alkaline pH
values.

The pH values obtained in this study are within the
appropriate ranges for the growth of microorganisms in
SSF processes. According to Pandey et al. (2001) and
Elias et al. (2001), these should be maintained between
3.5and 6.

The NH, content (table 3) was lower (9.66
meq/L) at zero hour in the absence of W (P=0.0013).
Meanwhile, at 48 h and with the addition of 15% of W,
the highest content was recorded with 48.59 meq/L.
In the absence of W, NH, was not modified until 48 h.
Then, it was increased 2.6 times at 72 h with respect
to zero hour. With 5% of inclusion, it was maintained
until 24 h and increased at 48 h. It was stable until
72 h. With 10 % of inclusion, it was modified at
24 h and then stabilized until 72 h. Finally, with a
15 % of W inclusion, the highest peak of NH, was
reached at 48 h, and then, it decreased and stabilized at
72 h.

Morgan (2003) also reported the interaction of the
factors under study in the SSF of coffee pulp, with
the inclusion of different levels of final molasses (0,
5 and 10 %), as well as Brea et al. (2015), although
with inferior values. Borras et al. (2017), in the SSF of
potato residues, inoculated with a microbial preparation
and with the inclusion of 15 % of fiber materials,
observed that NH, concentration is reduced with the
time of fermentation. These differences in the results
of cited authors could be related to the nature of the
used substrates.

Several studies of SSF in sugarcane and cane

También informaron incrementos del pH en el tiempo,
Pulido et al. (2016) en la FES de residuos de pera
(40 % pera, 25 % harina de arroz, 25 % salvado de trigo y
10 % urea), al igual que Borras ef al. (2017) en la FES de
residuos de papa, inoculados con un preparado microbial
y la inclusion de 15 % de materiales fibrosos, aunque
los valores a las 48 h no superaron los 5.2. Sin embargo,
Morgan (2003), en la FES de pulpa de café con diferentes
niveles de miel final, obtuvo incremento de pH a las 48 h,
con valores cercanos a la alcalinidad. Brea et al. (2015)
en la FES de harina de frutos de arbol del pan y Chafla
(2016) en céscara de cacao con diferentes niveles de urea,
también informaron valores alcalinos de pH.

Los valores de pH obtenidos en este estudio se
encuentran en los rangos adecuados para el crecimiento
de microorganismos en procesos de FES. Segiin Pandey
etal (2001)y Elias et al. (2001), estos se deben mantener
entre 3.5y 6.

El contenido de NH, (tabla 3) fue mas bajo
(9.66 meq/L) a la hora cero en ausencia de SL
(P=0.0013). Mientras, a las 48 h y con la adiciéon de
15 % de SL se registré el mayor contenido con
48.59 meq/L. En ausencia de SL, no se modifico el NH,
hasta las 48 h. Luego, se increment6 2.6 veces a las
72 h con respecto a la hora cero. Con 5 % de inclusion,
se mantuvo hasta las 24 h y se increment6 a las 48 h.
Estuvo estable hasta las 72 h. Con 10 % de inclusion,
se modificd a las 24 h y luego se estabilizé hasta las
72 h. Finalmente, con 15 % de inclusion de SL se alcanzé
el mayor pico de NH, a las 48 h, para luego disminuir y
estabilizarse a las 72 h.

Morgan (2003) también informd interaccion de los
factores en estudio en la FES de la pulpa de café, con
la inclusién de diferentes niveles de miel final (0, 5y
10 %), asi como Brea et al. (2015), aunque con valores
inferiores. Borras ez al. (2017) en la FES de residuos de
papa, inoculados con un preparado microbiano y con
la inclusion de 15 % de materiales fibrosos, observo
que la concentracion de NH, se reduce con el tiempo
de fermentacion. Estas diferencias en los resultados de
los autores citados podrian estar relacionadas con la
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Table 3. Effect of whey (W) on NH, content during the dynamics of SSF of coffee pulp

) Whey Fermentation time (hours) SE (£)
Indicator (%) 0 o 48 - Sig.
0 9.66° 13.77% 18.67%4  24.86%
NH. (meq/L) 9.942 14.16%¢ 22.54¢d 26.84% 2.80
} 10 10.14° 21.7bcde 25.88% 23.43% P=0.0013
15 13.43% 29.50¢ 48.59¢ 38.52f

abedeleyifferent superscripts indicate significant differences (P<0.05), Duncan (1955)

bagasse (Elias et al. 1990, Valifio ef al. 1996, Valiio
et al. 1997, Valino et al. 1998, and Rodriguez et
al. 2001) affirm that there is a direct relationship
between pH and the concentration of NH,. However,
in this experiment, this relationship was not found,
which could be due to the presence of organic acids
in the substrate. As it was previously stated, a natural
fermentation process was started in the pile due to the
high content of sugars and pectins of easy and rapid
fermentation, which generated SCFA that were not
determined, and the combination of both metabolites
establish the pH (Rodriguez 2004).

Table 4 shows the variations in DM and CP content.
Fermentation began with approximate values of 24 %
of DM. At 72 h, the lowest value (17.8) was recorded
at the 15 % level of W. In general, there was a decrease
of dry matter, as the fermentation time progressed
(P <0.001), which was probably associated to the
transformation of soluble carbohydrates into SCFA
that are used as an energy source for maintenance and
growth of microbial population (Rodriguez 2004).
Likewise, Valifio et al. (1997), Morgan (2003) and
Rodriguez (2004) mentioned that aerobic microbial
fermentation of soluble carbohydrates originates CO,
and H,O that increase humidity and, consequently,
cause the decrease of DM. Another consideration to
take into account is that the inclusion of W increases
humidity and decreases the DM, which was evident at
15 % of inclusion.

DM performance in this study was also evident in
other studies on SSF, developed by Morgan (2003),
Brea et al. (2015) and Borras et al. (2017). However,
they differ from those reported by Chafla (2016), in
the SSF of cocoa husk with different levels of urea,
where there was an increase of 3.33 percentage units
of DM, probably due to the fact that, because of the
characteristics of the substrate, part of the contained
water could be evaporated by the metabolic heat that is
generated during the SSF process, because the studies
were carried out for longer times.

The reduction of dry matter in this study caused an
effect of relative concentration of the rest of indicators,
expressed in percentage values with respect to it. This is
the case of the CP, which is explained in table 4.

CP content decreased, approximately, 2.5 units at
72 h (P=0.0040). Meanwhile, the inclusion of W caused
an increase (P<0.001) in the superior levels of inclusion,

naturaleza de los sustratos utilizados.

Varios estudios de FES en caia de azicar y bagazo de
cana (Elias et al. 1990, Valifio et al. 1996, Valiiio et al.
1997, Valifio et al. 1998 y Rodriguez et al. 2001) afirman
que hay relacion directa entre el pH y la concentracion de
NH,. Sin embargo, en este experimento, no se encontro
esta relacion, lo que podria deberse a la presencia de
acidos organicos en el sustrato. Como se manifestod
anteriormente, se inicié un proceso de fermentacion
natural en la pila por el alto contenido de azlcares y
pectinas de facil y rapida fermentacion, lo que generd
AGCC que no se determinaron, y la combinacion de
ambos metabolitos establecen el pH (Rodriguez 2004).

En la tabla 4 se muestran las variaciones en el
contenido de MS y PC. La fermentacion se inici6 con
valores aproximados de 24 % de MS. A las 72 h, se
registrd el valor mas bajo (17.8) en el nivel de 15 %
de SL. De manera general, se constata disminucion de
la materia seca, en la medida que avanzo el tiempo de
fermentacion (P < 0.001), lo que probablemente estuvo
asociado a la transformacion de los carbohidratos solubles
en AGCC que se utilizan como fuente de energia para el
mantenimiento y crecimiento de la poblacion microbiana
(Rodriguez 2004). Asimismo, Valifio et al. (1997),
Morgan (2003) y Rodriguez (2004) mencionaron que la
fermentacion microbiana aerdbica de los carbohidratos
solubles da lugar a CO, y H,O que incrementan la
humedad y, en consecuencia, ocasionan la disminucion
de la MS. Otra consideracion a tener en cuenta es que la
inclusion de SL incrementa la humedad y disminuye la
MS, lo que result evidente en 15 % de inclusion.

El comportamiento de la MS en este estudio también
se manifesto en otros trabajos de FES desarrollados por
Morgan (2003), Brea et al. (2015) y Borras et al. (2017).
Sin embargo, difieren de los informados por Chafla
(2016), en la FES de cascara de cacao con diferentes
niveles de urea, donde se produjo incremento de 3.33
unidades porcentuales de la MS, debido probablemente
a que, por las caracteristicas de sustrato, parte del agua
contenida pudiera evaporarse por el calor metabolico que
se genera durante el proceso de FES, pues los estudios
se realizaron por tiempos mas prolongados.

La reduccion de la materia seca en este estudio
provoco efecto de concentracion relativo del resto de los
indicadores, expresados en valores porcentuales respecto a
ella. Este es el caso de la PC, que se explica en la tabla 4.

El contenido de PC disminuyd, aproximadamente, 2.5
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Table 4. Effect of whey on DM and CP content in SSF of coffee pulp up to 72 hours

Indicators Whey Fermentation time (hours) SE (£)
(%) (%) 0 24 48 72 Sig.
Dry matter 0 23.63i 22.03¢ 21.97¢  20.67° 0.24
5 23.02i 21.90¢ 20.29¢  19.89¢  P=0.0027
10 22.23ubed 19.59¢ 18.99%  18.53"
15 21.45¢ 20.16¢ 19.3¢ 17.80
Crude protein 0 26.58¢ 26.5%f 25.90% 24 84abc 0.33
5 26.88 25.66b 24.79% 2407 P=0.0040
10 28.16=" 26.074% 25.67%¢ 25,630
15 28.59" 27.4% 28.20¢  25.8vcd

abedefehiDyifferent superscripts indicate significant differences (P<0.05), Duncan (1955)

but without differences among them. This trend was
maintained up to 72 h, probably due to the contribution
made by this by-product.

Morgan (2003) and Chafla (2016) also reported a
decrease in crude protein content in the SSF of coffee
pulp and cocoa husk, respectively. While Brea et al.
(2015), in the SSF of breadfruit tree meal, and Borras
et al. (2017) in the SSF of potato residues, reported a
different performance. That is, the CP increased over
time, which could also be attributed to the characteristics
of the substrates.

TP is directly related to protein synthesis processes
at cellular cytoplasm level of microorganisms involved
in the SSF, and is one of the nutrients of greatest value
in animal nutrition. Table 5 shows the performance
of TP, protein synthesis efficiency (Rel. TP/CP*100)
and ash content. In this study, greater synthesis of TP
was observed at 48 h (P=0.0068), with no difference
detected compared to 24 h. While, according to W
inclusion levels, 10 and 15 %, revealed higher synthesis
activity (P<0.0001), without statistical differences
among them.

Conversion indexes from CP to TP, expressed as

unidades a las 72 h (P = 0.0040). Mientras, la inclusion
de SL provoco6 incremento (P < 0.001) en los niveles
superiores de inclusion, pero sin diferencias entre ellos.
Esta tendencia se mantuvo hasta las 72 h, probablemente
debido al aporte que realiza este subproducto.

Morgan (2003) y Chafla (2016) también informaron
disminucién en el tiempo del contenido de proteina
cruda en la FES de pulpa de café y cascara de cacao,
respectivamente. Mientras que Brea ef al. (2015), en
la FES de harina de frutos de arbol del pan, y Borras
et al. (2017) en la FES de residuos de papa, refirieron
un comportamiento diferente. Es decir, que la PC se
increment6 con el tiempo, lo que también se podria
atribuir a las caracteristicas de los sustratos.

La PV se relaciona directamente con los procesos de
sintesis de proteina a nivel del citoplasma celular de los
microorganismos que participan en la FES, y constituye uno
de los nutrientes de mayor valor en la alimentacion animal.
Latabla 5 muestra el comportamiento de la PV, la eficiencia
de sintesis proteica (Rel. PV/PC*100) y el contenido de
cenizas. En este estudio se observo mayor sintesis de PV
a las 48 h (P=0.0068), sin detectarse diferencia respecto a
las 24 h. Mientras, de acuerdo con los niveles de inclusion

Table 5. Effect of whey on the content of TP, TP/CP relation and ashes during the dynamics of SSF of

coffee pulp
Fermentation time (h)
Indicators (%) 0 24 48 72 SE(+) Prob.
True protein 15.95 16.55b 16.69° 16.18® +0.16 P=0.0068
Rel. TP/CP*100 57.78 62.59° 63.86" 64.49¢ +0.61 P<0.0001
Ashes 11.07 10.97 11.53 11.17 +0.16 P=0.0657
Whey levels
0 5 10 15
True protein 15.11* 15.99° 17.06° 17.21° +0.16  P<0.0001
Rel. TP/CP*100 58.302 63.15% 64.70° 62.58° +0.61 P<0.0001
Ashes 10.49° 10.54° 11.54° 12.17° +0.16  P<0.0001

scDifferent superscripts indicate significant differences (P<0.05), Duncan (1955)

a percentage, are related to TP values. According
to time, greater anabolic activity was recorded as
dynamics advanced, and exceeded the initial value
by 6.7 units. According to inclusion levels, it is

de SL, 10 y 15 % revelaron mayor actividad de sintesis
(P<0.0001), sin diferencias estadisticas entre ellos.

Los indices de conversion de PC a PV, expresados
en porcentaje, tienen relacion con los valores de PV. De
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revealed that with 10 % of W, the maximum synthesis
of TP is achieved (P <0.001), which corresponds to
64.7 %. A similar performance of protein synthesis in
the time was referred by Morgan (2003) in the SSF
of coffee pulp with different levels of final molasses.
Likewise, Rodriguez et al. (2006), Ramos et al. (2007),
Rodriguez-Muela et al. (2010), Brea et al. (2015),
Chafla et al. (2016) and Borras et al. (2017) found
similar responses, although with lower values because
they were different substrates.

According to Pandey ef al. (2001), TP can be an
indirect path to measure microbial growth in SSF
processes, since the mixed microbiota that is established
in the system transforms the non-protein nitrogen (NPN)
of urea into protein nitrogen (PN). The increases of
TP obtained in this study confirm the effectiveness
of microbial synthesis from carbohydrates and urea
nitrogen.

According to Elias and Lezcano (1993), the
efficiency with which the NPN of urea becomes
PN varies in relation to the substrates used and the
management of SSF, but above all with the availability
of energy and carbon sources (soluble carbohydrates,
starch and fats), amino acids, peptides, vitamins and
minerals. Several authors (Elias et al. 1990, Valifio
et al. 1996, Valifio et al. 1997, Valifio et al. 1998 and
Rodriguez 2004) highlight the importance of urea as
a nitrogen source and the value of easily fermented
carbohydrates in the contribution of energy, to achieve
superior efficiency in the synthesis of microbial protein.
Its performance has a relation to pH dynamics and NH,,
explained above.

The results indicate that the addition of W could
have favored a superior synchronization between
the presence of energy (SCFA) from fermentation of
carbohydrates from the substrate and the ammonia
nitrogen coming from urea hydrolysis. However,
the presence of free amino acids, peptides and other
growth factors, provided by whey cannot be discarded.
All this contributes, possibly, to a higher synthesis of
microbial protein.

Ash content (table 5) was not modified during the
fermentation time, but it was increased by 1.68 units
with 15 % of W inclusion, which could be related to
the supply of minerals from the serum and the relative
concentration produced by decreasing DM. Similar
performances were reported by Morgan (2003), in
the SSF of coffee pulp because, with the inclusion
of increasing levels of final molasses, there was an
increase of mineral content, but it did not vary with
time. Pulido et al. (2016), in fermentation of pear
residues, with inclusion levels of calcium carbonate and
addition of rice meal, wheat bran and urea, evidenced
a marked increase of ash content in relation to time,
which probably was related to processes of relative
concentration.

Robinson et al. (2001) reported the presence of
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acuerdo al tiempo, se registrdo mayor actividad anabolica
en la medida que avanzé la dindmica, y superd en
6.7 unidades al valor inicial. De acuerdo con los niveles de
inclusion, se revela que con 10 % de SL se logra la maxima
sintesis de PV (P <0.001), que corresponde con 64.7 %.
Un comportamiento similar de la sintesis de proteina en el
tiempo refirid Morgan (2003) en la FES de pulpa de café
con diferentes niveles de miel final. Asimismo, Rodriguez
etal. (2006), Ramos et al. (2007), Rodriguez- Muela et al.
(2010), Brea et al. (2015), Chafla et al. (2016) y Borras
et al. (2017) encontraron respuestas semejantes, aunque
con valores inferiores por tratarse de sustratos diferentes.

Segun Pandey et al. (2001), la PV puede ser una
via indirecta para medir el crecimiento microbiano
en los procesos de FES, ya que la microbiota mixta
que se establece en el sistema transforma el nitrogeno
no proteico (NNP) de la urea en nitrégeno proteico
(NP). Los incrementos de PV obtenidos en este estudio
confirman la efectividad de la sintesis microbiana a partir
de los carbohidratos y el nitrégeno ureico.

Segtin Elias y Lezcano (1993), la eficiencia con la que
el NNP de la urea se convierte en NP varia en relacion con
los sustratos utilizados y con el manejo de la FES, pero
sobre todo con la disponibilidad de energia y las fuentes
de carbono (carbohidratos solubles, almidon y grasas),
aminoacidos, péptidos, vitaminas y minerales. Varios
autores (Elias et al. 1990, Valifio et al. 1996, Valifio et
al. 1997, Valifio ef al. 1998 y Rodriguez 2004) destacan
la importancia de la urea como fuente de nitrogeno y
el valor de los carbohidratos de facil fermentacion en
el aporte de energia, para lograr mayor eficiencia en la
sintesis de proteina microbiana. Su comportamiento
guarda correspondencia con la dindamica del pH y NH,,
explicada anteriormente.

Los resultados indican que la adicién de SL pudo
haber favorecido mayor sincronizacion entre la presencia
de energia (AGCC) producto de la fermentacion de los
carbohidratos del sustrato y el nitrégeno amoniacal
procedente de la hidrdlisis de la urea. Sin embargo, no
se puede descartar la presencia de aminoacidos libres,
péptidos y otros factores de crecimiento, aportados por
el suero de leche. Todo ello contribuye, posiblemente,
a mayor sintesis de proteina microbiana.

El contenido de cenizas (tabla 5) no se modifico
durante el tiempo de fermentacion, pero se incremento en
1.68 unidades con 15 % de inclusion de SL, lo que podria
estar relacionado con el aporte de minerales del suero y por
la concentracion relativa que se produce por disminucion
de la MS. Comportamientos similares fueron notificados
por Morgan (2003), en la FES de pulpa de café, pues al
incluir niveles crecientes de miel final se incremento el
contenido mineral, pero no varié en el tiempo. Pulido et
al. (2016), en la fermentacion de residuos de pera, con
niveles de inclusion de carbonato de calcio y adicion de
harina de arroz, salvado de trigo y urea, evidenciaron un
marcado incremento del contenido de cenizas en relacion
con el tiempo, lo que probablemente estuvo relacionado
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phosphorus, sulfur and other minerals among the ashes
that, in small quantities, are important for microbiota
metabolism. Similarly, Elias and Lezcano (1993)
demonstrated the importance of trace elements and
vitamins of B complex for the accelerated growth
of yeasts established during the SSF of sugarcane.
For these reasons, it is necessary to highlight the
appreciable presence of ash (from 10 to 12 %) in
the coffee pulp, which could favor the synthesis of
microbial protein.

The performance of CF, NDF and CC is summarized
in table 6. It was observed that in the absence of W up
to 48 h, the CF content decreased, and then remained
stable until 72 h. However, when W was used,
regardless of the level, the CF indicators were not
modified with time (P=0.0134). The highest increase
(5.17 units) was observed at 15 % level at 72 h, which
can be explained by the relative concentration of
nutrients, which is a result of DM decrease. A similar
trend was referred by Morgan (2003) in coffee pulp
fermentation, and Pulido ef al. (2016) in pear residues.

Several authors (Rodriguez et al. 2001, Ramos
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con procesos de concentracion relativa.

Robinson et al. (2001) refirieron que entre las cenizas,
se encuentran el fosforo, el azufre y otros minerales
que, en pequefias cantidades, son importantes para el
metabolismo de la microbiota. De igual manera, Elias
y Lezcano (1993) demostraron la importancia de los
elementos trazas y vitaminas del complejo B para el
crecimiento acelerado de las levaduras que se establecen
durante la FES de la cana de azucar. Por estas razones,
resulta necesario destacar la apreciable presencia de
cenizas (10 a 12%) en la pulpa de café, lo que pudo
favorecer la sintesis de proteina microbiana.

El comportamiento de la FC, FDN y CC se resume
en la tabla 6. Se observd que en ausencia de SL hasta
las 48 h, el contenido de FC disminuyo, y luego se
mantuvo estable hasta las 72 h. Sin embargo, cuando
se empled SL, con independencia del nivel, no se
modificaron los tenores de FC en el tiempo (P=0.0134).
Se observo el mayor incremento (5,17 unidades) en el
nivel de 15 % a las 72 h, lo que puede explicarse por la
concentracion relativa de los nutrientes, que es resultado
de la disminucion de la MS. Una tendencia similar refirid

Table 6. Effect of whey on the content of CF, NDF and CC in SSF of coffee pulp up to 72 hours (%)

Fermentation time (h)

Indicators (%) Whey (%) 0 2 43 7 SE (+) Sig.
Crude fiber 0 1’7'45bcde 18.0lcdef 15.402 15.16* 0.60
16.26%¢ 15.71% 16.10%¢ 16407 P=0.0134
10 17.380cde 18.320f 18.27%F 17.81¢
15 18.84f¢n 19.00¢% 19.79% 20.33¢
NDF 0 40,1304t 41.420 35.42¢ 34.88¢ 1.19
37.39¢f 36.14¢ 37.04% 37.73¢f P=0.0070
10 39.97¢dr 42,1430 42.02% 40.96be
15 43,328 43.96% 45520 44.07%
cc 0 59.88bede 58.594f 64.68 65.13 1.19
62.61%¢ 63.86" 62.97% 62.27¢bed P=0.0071
10 60.030d 57.86¢% 57.98¢ 59.04cr
15 56.68¢ 56.31¢ 54.49¢ 55.93%

abedelthDifferent superscripts indicate significant differences (P<0.05), Duncan (1955)

2005, Berradre et al. 2009 and Aranda et al. 2012)
state that CF tends to increase over time, because the
microorganisms present in the system use sugars of easy
fermentation of cellular content, which significantly
increases the content of cell walls in the substrate.
These fiber elements have more complex structures,
so they are the least degraded in SSF processes, when
they are performed for relatively short periods of time
and microorganisms with high cellulolytic capacity
are not used.

Results for NDF and CC confirm the previous
information. Thus, superior NDF content (45.52 %)
was observed at 48 h in the 15% of W level, while the
inverse performance is present in CC, with 54.49 %
(P=0.0071). Similar results were reported by Morgan

Morgan (2003) en la fermentacion de pulpa de café, y
Pulido et al. (2016) en la de residuos de pera.

Varios autores (Rodriguez ef al. 2001, Ramos 2005,
Berradre et al. 2009 y Aranda et al. 2012) afirman que la
FC tiende a incrementarse con el tiempo, debido a que los
microorganismos que estan presentes en el sistema usan
los aztcares de facil fermentacion del contenido celular,
lo que incrementa significativamente el contenido de
paredes celulares en el sustrato. Estos elementos fibrosos
presentan estructuras mas complejas, por lo que son los
menos degradados en los procesos de FES, cuando se
realizan por tiempos relativamente cortos y no se utilizan
microrganismos con elevada capacidad celulolitica.

Los resultados obtenidos para FDN y CC confirman lo
antes expuesto. Asi se observo mayor contenido de FDN
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(2003) and Chafla (2016) in the fermentation of coffee
pulp and cocoa husk, respectively.

Conclusions

It is concluded that the inclusion of 10 % of W in the
SSF of coffee pulp up to 48 h improves the fermentation
process, with marked increase in CP, TP and CP/TP
relation. Although fiber components remain high, their
use could be favorable in the preparation of rations for
feeding ruminants.
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