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Effect of calcium carbonate on solid fermentation of Solanum tuberosum
post-harvest wastes, inoculated with a microbial preparation
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To evaluate the effect of including calcium carbonate (CaCOs) in solid
fermentation of post-harvest wastes of Solanum tuberosum (potato),
inoculated with a microbial preparation, a completely randomized
design was used, with three repetitions per treatment. Indicators
pH, dry matter, crude protein, true protein and concentration of
microorganisms were analyzed according to a 2x2x4 factorial
arrangement, in which factors were fermentation time (24 and 48 h),
incubation temperature (20 and 25 °C) and percentage of inclusion of
CaCO0s (0, 0.25, 0.50 and 0.75 %). For the concentration of organic
acids and ammonia, a 2x2x3 factorial arrangement was used, which
differed from the previous one in the percentage of CaCOs (0.25, 0.50
and 0.75 %). It was obtained that pH increased by adding CaCO:s
at 0.25 and 0.50 % and incubating at 20 or 25 °C. Meanwhile, pH
decreased with fermentation and incubation at 20°C. Lactic acid
production increased with both temperatures and during fermentation,
and growth of mesophilic and lactic aerobic bacteria was favored
with the inclusion of CaCOs. With fermentation, dry matter and crude
and true protein percentages increased. The highest values of these
indicators were obtained with 0.50% of CaCOs at 48 h (40.90, 19.09
and 13.8 %, respectively). However, protein synthesis was the same
at 20 °C and 25 °C (72.76 %). It is concluded that CaCO:s at 0.50%
favors the fermentation of post-harvest wastes of S. tuberosum with
the microbial preparation, at 20 °C and 24 h.
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Potato (Solanum tuberosum) contains nutritional
components (energy, macronutrients and micro-
nutrients), as well as non-nutritional components
(water, cellulose, hemicellulose, pectin, glycoalkaloids,
organic acids, enzymes, among other minority ones).
After harvest, tubers contain 80 % water and 20 %
dry matter on average. Of the latter, 60 % corresponds
to starch (FAO 2015). Organic acids contribute to the
characteristic pH of food, which ranges from 5.6-6.2.
The most representative are malic and citric acids, as
well as the chlorogenic one, which reacts with iron
ions. This component and the significant amounts of

Para evaluar el efecto de incluir carbonato de calcio (CaCOs) en la
fermentacion soélida de residuos de poscosecha de Solanum tuberosum
(papa), inoculado con un preparado microbiano, se utilizo un disefio
completamente aleatorizado, con tres repeticiones por tratamiento.
Los indicadores pH, materia seca, proteina bruta, proteina verdadera
y concentracion de microorganismos se analizaron segun arreglo
factorial 2x2x4, donde los factores fueron tiempo de fermentacion
(24 y 48 h), temperatura de incubacion (20 y 25 °C) y porcentaje de
inclusion de CaCOs (0; 0.25; 0.50 y 0.75%). Para la concentracion de
acidos organicos y amoniaco, se utilizd un arreglo factorial 2x2x3,
que difirié del anterior en el porcentaje de CaCOs (0.25; 0.50 y
0.75 %). Se obtuvo que el pH se increment6 al afiadir CaCOs al 0.25 y
0.50 % e incubar a 20 6 25 °C. Mientras, con la fermentacion e
incubacion a 20 °C, el pH disminuy6. La produccion de acido lactico
aumentod con ambas temperaturas y durante la fermentacion, y se
favorecio el crecimiento de bacterias acrobias mesdfilas y lacticas,
al incluir CaCOs. Con la fermentacion aumento la materia seca y los
porcentajes de proteina bruta y verdadera. Los mayores valores de
estos indicadores se obtuvieron con 0.50 % de CaCOs a 48 h (40.90,
19.09 y 13.8 %, respectivamente). Sin embargo, la sintesis proteica
fue igual para 20 °C y 25 °C (72.76 %). Se concluye que el CaCOs al
0.50 % favorece la fermentacion de residuos poscosecha de S.
tuberosum con el preparado microbiano, a 20 °C y 24 h.

Palabras clave: papa, ensilado, lactobacilos, aditivo

En la papa (Solanum tuberosum) se encuentran
componentes nutritivos (energia, macronutrientes y
micronutrientes), asi como componentes no nutritivos
(agua, celulosa, hemicelulosa, pectina, glucoalcaloides,
acidos organicos, enzimas, entre otros minoritarios).
Luego de su cosecha, los tubérculos contienen 80 % de
agua y 20 % de materia seca como promedio. De esta
ultima, 60 % corresponde a almidon (FAO 2015). Los
acidos organicos contribuyen con el pH caracteristico del
alimento, que oscila entre 5.6-6.2. Los mds representativos
son el malico, el citrico y el clorogénico, que reacciona
con iones de hierro. Este componente y las cantidades
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carbohydrates, mostly starch, and a small percentage
of sugars (sucrose, fructose and glucose), propitiate a
considerable decrease of pH during its fermentation
process.

In post-harvest waste fermentations, pH
performance is measured as a quality indicator. If
this has a very low value, it limits bacterial growth
(Muck et al. 2018), altering the chemical composition
of the fermented product and ruminal synthesis in
the animal (Elias et al. 1990 and Yang et al. 2015).
The pH also depends on the starter culture, which
are generally lactic acid bacteria (LAB). With
the development of genetics, molecular biology,
physiology and biochemistry, and with the discovery
of the complete genome sequence of a large number of
lactic acid bacteria, new knowledge and applications
appeared for these bacteria and a variety of starter and
protective cultures, which possess desirable properties
(Bintsis 2018).

In the technological process for the development
of products for animal feeding, fermentations are
essential and must be correctly defined to achieve
high productive yields (Sosa ef al. 2018). According
to Borras (2017), the fermentation of post-harvest
wastes of S. tuberosum with a microbial preparation
with lactic acid activity affects microbial growth,
due to the rapid decrease in pH and high humidity
percentage. Therefore, the inclusion of the additive
CaCO:s is suggested as acid neutralizer. The stabilizing,
thickening and anticaking properties of this compound
can cause a technological change and influence on
the performance of some fermentative and chemical
indicators of the final product.

The objective of this study was to evaluate the
inclusion of CaCO:s in the kinetics of solid fermentation
of post-harvest wastes of S. tuberosum, inoculated with
a microbial preparation with lactic activity.

Materials and Methods

Solid-state fermentation (SSF) experiment was
carried out under high tropic conditions (2,860 m.a.s.1.),
in the biochemistry and animal nutrition laboratory of
the Universidad Pedagogica y Tecnologica of Colombia
(UPTC), located on Avenida Central del Norte, via
Tunja-Paipa, in Tunja municipality, Boyaca department,
Colombia. This region has a mean temperature of 15 °C
and mean annual rainfall of 553 mm.

Experimental procedure. A yogurt was made
with active strains of Lactobacillus delbrueckiis
ssp. bulgaricus and Streptococcus thermophilus
(commercially freeze-dried, Liofast Y452B, SACCO ®),
which was used as inoculum (2 % v/v and concentration
of 0.99 x 10® CFU/mL) for obtaining the microbial
preparation, according to the methodology of Borras
(2017). This preparation (2 %) was mixed at room
temperature (15 + 2 °C) with urea (1%), mineral premix
(0.50%), sodium sulfate (0.50 %), calcium carbonate
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importantes de carbohidratos, mayoritariamente de
almiddn; ademas de un pequeio porcentaje de azucares
(sacarosa, fructosa, glucosa), hacen que durante su
proceso fermentativo disminuya considerablemente el pH.

En las fermentaciones de residuos de cosecha, se mide
el comportamiento del pH como un indicador de calidad.
Si este tiene un valor muy bajo, limita el crecimiento
bacteriano (Muck et al. 2018), alterando la composicion
quimica del producto fermentado y la sintesis ruminal en el
animal (Elias et al. 1990y Yang et al. 2015). El pH también
depende del cultivo iniciador, que son generalmente
bacterias acido lacticas (BAL). Con los avances en genética,
biologia molecular, fisiologia y bioquimica, y con el
descubrimiento de la secuencia completa del genoma de un
gran numero de bacterias acido lacticas, aparecieron nuevos
conocimientos y aplicaciones para dichas bacterias y una
variedad de cultivos iniciadores y protectores, que poseen
propiedades deseables (Bintsis 2018).

En el proceso tecnoldgico para el desarrollo de
productos destinados a la alimentacién animal, las
fermentaciones son fundamentales y se deben definir
correctamente para lograr altos rendimientos productivos
(Sosaet al. 2018). Segtin Borras (2017), la fermentacion
de residuos poscosecha de S. tfuberosum con un
preparado microbiano con actividad &cido lactica, afecta
el crecimiento microbiano, por el rapido descenso del pH
y el alto porcentaje de humedad, por lo que se sugiere
la inclusion del aditivo CaCOs como neutralizador de
acidos. Las propiedades estabilizantes, espesantes y
antiaglomerantes de este compuesto pueden ocasionar un
cambio tecnoldgico y en el comportamiento de algunos
indicadores fermentativos y quimicos del producto final.

El objetivo de este articulo fue evaluar la inclusion del
CaCO:s en la cinética de fermentacion solida de residuos
poscosecha de S. tuberosum, inoculado con un preparado
microbiano con actividad lactica.

Materiales y Métodos

El experimento de fermentacion en estado so6lido
(FES) se realizé en las condiciones del tropico alto
(2860 msnm), en el laboratorio de bioquimica y nutricion
animal de la Universidad Pedagogica y Tecnologica
de Colombia (UPTC), ubicado en la avenida Central
del Norte, via Tunja-Paipa, en el municipio de Tunja,
departamento de Boyaca, Colombia. Esta region tiene
una temperatura promedio de 15 °C y precipitacion
media anual de 553 mm.

Procedimiento experimental. Se elabord un yogurt
con las cepas activas de Lactobacillus delbrueckiis ssp.
bulgaricus y Streptococcus thermophilus (comercial
liofilizado, Liofast Y452B, SACCO ®), que se empled
como indculo (2 %, v/v y concentracion de 0.99 x
10¥UFC/mL) para la obtencion del preparado microbiano,
segun la metodologia de Borras (2017). Este preparado
(2 %) se mezclo a temperatura ambiente (15 +2 °C) con
urea (1 %), premezcla mineral (0.50 %), sulfato de sodio
(0.50 %), carbonato de calcio y residuos poscosecha de
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and potato post-harvest wastes, previously cleaned and
chopped. The inclusion percentage of calcium carbonate
(CaCO:s) varied according to the experimental treatments
(0, 0.25, 0.50 and 0.75 %).

Table 1 shows the composition of mixtures prepared
under the mentioned conditions (Oh and 15 °C). They
were distributed in plastic bags, with 1 kg capacity.
Each bag was considered an experimental unit, with
three repetitions per treatment. They were divided into
two groups and incubated at 20 and 25 °C respectively,
in individual Memmert® incubators for 48 h. Samples
were taken at 24 and 48 h of fermentation to determine
chemical and microbiological indicators.
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la papa, previamente limpios y troceados. El porcentaje
de inclusion del carbonato de calcio (CaC0s) vari6 segiin
los tratamientos experimentales (0, 0.25,0.50y 0.75 %).

En la tabla 1 se presenta la composicion de las
mezclas elaboradas en las condiciones citadas (0 h y
15 °C). Estas se distribuyeron en bolsas plasticas, con
capacidad de 1 kg. Cada bolsa se consider6 una unidad
experimental, con tres repeticiones por tratamiento. Se
dividieron en dos grupos y se incubaron a 20 y 25 °C
respectivamente, en incubadoras individuales marca
Memmert® durante 48 h. Se tomaron muestras a las
24 y 48 h de fermentacion para determinar indicadores
quimicos y microbiologicos.

Table 1. Chemical and microbiological composition of mixtures with potato post-harvest
wastes, prepared at 15 °C and without fermenting (n=3)

Mixture with inclusion of CaC0s, %

Indicator
0 0.25 0.50 0.75

pH 6.31 7.11 7.12 7.21
Dry matter, % 21.70 21.49 21.22 20.96
Crude protein, % 15.26 15.01 15.32 15.65
True protein, % 10.70 10.58 11.15 11.24
Lactic acid, mmol/L 16.86 16.86 16.85 16.84
Propionic acid*, mmol/L 14.33 14.33 14.32 14.31
NH3, meq/mL 1.79 1.80 1.79 1.78
Mesophilic aerobic bacteria**, CFU/mL  2.1x10°  2.5x10° 2.0x10° 1.1x10°
Yeast**, CFU/mL 2.5x10*  1.1x10* 1.1x10* 1.9x10*
Lactic acid bacteria**, CFU/mL 7.5x10° 2.0x10° 1.2x10°¢ 1.2x10°

*Not significant concentrations of acetic, butyric, isovaleric and isobutyric acid
** Dissolved mixtures at a rate of 1/10 (w/v) in a NaCl solution (0.85%, w/v)

Contents of the bags of each treatment (three
repetitions) were collected and homogenized. Then,
5 g of sample were taken and placed in a 100 mL
Erlenmeyer flask. Later, 45 mL of sterile distilled water
was added. The preparation was shaken for 30 min. on
an Adams® electric shaker. Subsequently, the filtrate
was obtained to measure pH, concentration of organic
acids, ammonia, and also perform a microbiological
analysis.

Solids were dried in an oven at 60 °C and ground in
a UDY® hammer mill, with a 1 mm sieve, for chemical
quantification analysis. Dry matter (DM) and crude
protein (CP) were determined according to AOAC
(2005), and for true protein (TP), Berstein, cited by Meir
(1986), was followed.

pH was measured in an Okaton® automatic
potentiometer and ammonia (NH3) was determined
by the Berthelot technique (Martinez et al. 2003).
The quantification of short chain acids (SCFA) was
performed by the method of Dinkci et al. (2007), by
means of high pressure liquid chromatography (HPLC).
For this, Gemini 5u C18 110A (PHENOMENEX)
column was used, with a UV light detector at 214 nm,
at room temperature (15 °C), with mobile phase of

El contenido de las bolsas de cada tratamiento (tres
repeticiones) se recolectd y homogenizo6. Luego, se
tomaron 5 g de muestra y se colocaron en Erlenmeyer
de 100 mL. Posteriormente, se les adicion6 45 mL de
agua destilada estéril. La preparacion se agitd durante
30 min. en un agitador eléctrico marca Adams®. Mas
tarde, se obtuvo el filtrado para medir pH, concentracion
de 4cidos organicos, amoniaco, y ademads realizar el
analisis microbioldgico.

Los solidos se secaron en estufa a 60 °C y se molieron en
un molino de martillo, marca UDY®, con criba de 1 mm,
para el analisis de cuantificacion quimica. Para determinar
la materia seca (MS) y proteina bruta (PB) se procedio
segun la AOAC (2005), y para proteina verdadera (PV),
se siguid a Berstein, citado por Meir (1986).

El pH se midié en un potenciémetro automatico
marca Okaton® y el amoniaco (NH3) se determiné
por la técnica de Berthelot (Martinez et al. 2003).
La cuantificacion de acidos de cadena corta (AGCC)
se realizd por el método de Dinkci et al. (2007), por
medio de cromatografia liquida de alta eficiencia
(HPLC). Para ello se utilizé la columna Gemini Su C18
110A (PHENOMENEX), con detector de luz UV vis a
214 nm, a temperatura ambiente (15°C), con fase movil
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(NHa4) ,, PO4 0.5% w/v and acetonitrile 0.4 % v/v. The pH
was adjusted to 2.24 with HsPOus (filtered with a 0.22 um
pore membrane, degassed by sonication and bubbling
with hydrogen) and a flow of 0.5 mL/min was applied.
It was quantified with Claritychrom program, version
5.0.5.98.

The microbiological composition of fermentation
samples was determined in a certified microbiological
control laboratory, located in Boyacéa, Colombia.
For this, a 1/10 (w/v) dilution was made and the
concentrations were expressed in colony forming units
per milliliter (CFU/mL). Mesophilic aerobic bacteria
were determined according to AOAC (966.23.C: 2001).
The ISO 15213: 2003 was applied for Clostridium
spores and reducing sulfite, and ISO 7954: 1987 for
fungi and yeasts. Salmonella in 25 g was determined
by AS 5013.10: 2009 and lactic acid bacteria by NTC
5034: 2002. For the most probable number (MPN) of
total and fecal coliforms, it was proceeded according to
ICMSF MPN:2000.

Experimental design and statistical analysis. For
indicators pH, dry matter, crude protein, true protein
and count of microorganisms, a completely randomized
design was used in a 2x2x4 factorial arrangement, in
which factors were fermentation time (24 and 48 h),
temperature incubation (20 and 25 °C) and percentage
of calcium carbonate inclusion (0, 0.25, 0.50 and
0.75 %). In the concentration of organic acids and
ammonia, the same design was used with 2x2x3
arrangement, in which factors fermentation time and
incubation temperature were maintained with the
same levels, while the inclusion percentage of calcium
carbonate did not include that of 0%. For microbial
counts, the methodology proposed by Herrera et al.
(2015) was used and the theoretical assumptions of the
analysis of variance were verified. For the normality
of wastes, Shapiro-Wilk (1965) test was applied and
Levene (1960) was used for the homogeneity of
variance. Variables did not meet both assumptions, so
logX transformation was used, which improved their
fulfillment, so a classic analysis of variance was used.
For the comparison of means, Duncan (1955) test
was used for P<0.05. Data was processed in Infostat
statistical package, version 2012 (Di Rienzo et al.
2012).

Results and Discussion

Tables 2, 3, 4 and 5 show the results of chemical and
microbiological characteristics of solid fermentation of
post-harvest wastes of S. tuberosum, inoculated with
a microbial preparation. For all indicators, interaction
was detected between the factors under study
(P <0.0001).

Table 2 demonstrates the effect of CaCOs on pH
during solid fermentation. It could be seen that values
increased by incrementing CaCOs percentage and
incubating at 20 or 25 °C. However, after fermentation
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de (NHa)2, PO4 0.5 % P/V y acetonitrilo 0.4 %V/V. Se
ajustd pH a 2.24 con HsPOs (filtrada con membrana
de 0.22 pm de poro, desgasificada por sonicacidon
y burbujeo con hidrégeno) y se aplicd un flujo de
0.5 mL/min. Se cuantific6 con el programa Claritychrom,
version 5.0.5.98.

La composicion microbioldgica de las muestras
de fermentacion se determind en un laboratorio
certificado de control microbiolégico, ubicado en
Boyaca, Colombia. Para esto se realizé una dilucion
1/10 (p/v) y las concentraciones se expresaron en
unidades formadoras de colonia por mililitro (UFC/mL).
Las bacterias aerobias mesdfilos se determinaron segun
AOAC (966.23.C: 2001). Para las esporas de Clostridium
y sulfito reductor se aplicé ISO 15213:2003, y para
hongos y levaduras ISO 7954:1987. La Salmonella en
25 g se determino por AS 5013.10:2009 y las bacterias
acido lacticas por NTC 5034: 2002. Para el nimero
mas probable (NMP) de coliformes totales y fecales se
procedio segun ICMSF NMP: 2000.

Diserio experimental y andlisis estadistico. Para los
indicadores pH, materia seca, proteina bruta, proteina
verdadera y conteo de microorganismos, se utiliz6 un
disefio completamente aleatorizado en arreglo factorial
2x2x4, donde los factores fueron tiempo de fermentacion
(24 y 48 h), temperatura de incubacion (20 y 25 °C) y
porcentaje de inclusion del carbonato de calcio (0; 0.25;
0.50y 0.75 %). En la concentracion de acidos orgénicos y
amoniaco se empled el mismo disefio con arreglo (2x2x3),
donde los factores tiempo de fermentacion y temperatura
de incubacidon se mantuvieron con los mismos niveles,
mientras que el porcentaje de inclusion del carbonato de
calcio no incluyo el de 0%. Para los conteos microbianos
se utilizd la metodologia propuesta por Herrera et al.
(2015) y se verificaron los supuestos tedricos del analisis
de varianza. Para la normalidad de los residuos se aplico
la docima de Shapiro-Wilk (1965) y para la homogeneidad
de varianza, Levene (1960). Las variables incumplieron
ambos supuestos, por lo que se empleo la transformacion
logX, que mejor6 su cumplimiento, por lo que se empled
un analisis de varianza clasico. Para la comparacion
de medias se utilizé la décima de Duncan (1955) para
P<0.05. Los datos se procesaron en el paquete estadistico
Infostat, version 2012 (Di Rienzo et al. 2012).

Resultados y Discusion

En las tablas 2, 3, 4 y 5 se muestran los resultados
de las caracteristicas quimicas y microbioldgicas de
la fermentacion solida de residuos poscosecha de S.
tuberosum, inoculado con un preparado microbiano.
Para todos los indicadores, se detecto interaccion entre
los factores en estudio (P<0.0001).

En la tabla 2 se presenta el efecto del CaCOs en el
pH durante la fermentacion sélida. Se pudo ver que los
valores se incrementaron al aumentar el porcentaje de
CaCOs e incubar a 20 0 25 °C. Sin embargo, al transcurrir
la fermentacion e incubar a 20 °C se observo disminucion
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and incubation at 20 °C, a decrease in the indicator
was observed, while at 25 °C and CaCOs at 0.25 and
0.50 %, there were increases. Apparently, the inclusion
of calcium carbonate had a positive impact on the
fermentation process of potato wastes, and prevented a
rapid decline that could be a limitation in growth and
performance of present microorganisms, as well as in
the stability of pH with its buffer properties.
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del indicador; mientras que a 25 °C y CaCOs al 0.25
y 0.50 % hubo incrementos. Al parecer, la inclusion
del carbonato de calcio tuvo incidencia positiva en el
proceso fermentativo de los residuos de la papa, y evitd
un descenso rapido que pudiera ser una limitacién en el
crecimiento y comportamiento de los microorganismos
presentes, asi como en la estabilidad del pH con su poder
amortiguador.

Table 2. Effect of inclusion of calcium carbonate on pH during solid-state fermentation of
post-harvest wastes of S. tuberosum, inoculated with a microbial preparation with

lactic acid activity

Indicator Time, h Temperature, LaC0s % SE+
°C 0 0.25 0.50 0.75 p-value
pH 24 20 5.48k 5.92b 6.56%  6.66° 0.01
25 4.93m 5.44! 6.22¢ 6.59c  p<0.0001
48 20 4.96m 572 6.33" 6.48¢
25 4.67 6.53¢ 6.85 5.67

abedetehijlmn Means with different letters differ at p<0.05 (Duncan 1955)

It is considered that pH, temperature, shaking
speed and dissolved oxygen are the indicators that
most affect microbial growth (Paez et al. 2013) and
functional properties (Dong et al. 2014). The optimal
values of these factors vary with the species and
microbial strain, and must be correctly defined in order
to obtain high yields in fermentation. One of the main
reasons for the inhibition of microorganism growth is
the low pH of the culture medium. Therefore, when
this indicator is controlled with a base (carbonates)
or an acid (organic acids), higher biomass yields
can be obtained (Miranda et al. 2018). The chosen
strains should also maintain their viability and activity
during manufacturing, transport and storage processes
(Anadoén et al. 2016). In relation to temperature,
most fermentations require between 30 and 37 °C to
achieve optimal growth of the microorganism with
lactic activity. However, LAB mixture of the microbial
preparation, as a starter culture, ranged between 20
and 25 °C, according to the experimental conditions
of this study.

In the treatment without CaCOs (0%), no appreciable
values of SCFA and NHs were detected (data not
shown), so it was necessary to adjust the factorial
design to 2x2x3. With respect to SCFA concentration,
not significant values were also found, except for the
treatment with 0.25 % CaCOs, incubated at 25 °C for
24 h, in which 11.29 mmol/L of propionic acid was
obtained. However, there was an increase of lactic
acid concentration with both incubation temperatures
and the course of fermentation. This effect indicates
an increase of efficiency of the fermentation process,
and favors quality and conservation of the final food
(Zielinska et al. 2017). NHs values were low in all
treatments, maybe due to this lactic acid production
(table 3).

Se considera que el pH, temperatura, velocidad de
agitacion y oxigeno disuelto son los indicadores que mas
inciden en el crecimiento microbiano (Paez et al. 2013)
y las propiedades funcionales (Dong et al. 2014). Los
valores Optimos de estos factores varian con la especie y
cepamicrobiana y deben estar correctamente definidos para
que se obtengan altos rendimientos en la fermentacion.
Una de las principales razones de la inhibicion del
crecimiento de microorganismos es el bajo pH del medio
de cultivo. Por eso, cuando se controla este indicador
con una base (carbonatos) o un acido (acidos organicos)
se pueden obtener mayores rendimientos de biomasa
(Miranda et. al. 2018). Las cepas elegidas deben mantener,
ademas, su viabilidad y actividad durante los procesos de
fabricacion, transporte y almacenamiento (Anadon et al.
2016). En relacion con la temperatura, la mayoria de las
fermentaciones requieren entre 30 y 37 °C para lograr
el crecimiento Optimo del microrganismo con actividad
lactica. Sin embargo, la mezcla de BAL del preparado
microbiano, como cultivo iniciador, oscild entre 20 y
25 °C, segun las condiciones experimentales de este estudio.

En el tratamiento donde no se incluyd CaCOs (0 %)
no se detectaron valores apreciables de AGCC y NH,
(datos no mostrados), por lo que fue necesario ajustar el
disefio factorial a 2x2x3. Con respecto a la concentracion
de AGCC, se encontraron también valores despreciables,
excepto para el tratamiento con 0.25 % de CaCOs,
incubado a 25 °C por 24 h, donde se obtuvo 11.29 mmol/L
de acido propionico. Sin embargo, hubo incremento de la
concentracion del acido lactico con ambas temperaturas
de incubacion y el transcurso de la fermentacion. Este
efecto indica un aumento de la eficiencia del proceso
fermentativo y favorece la calidad y conservacion del
alimento final (Zielinska et al. 2017). Los valores de NH,
fueron bajos en todos los tratamientos, quizas debido a
esta produccion de acido lactico (tabla 3).
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Table 3. Effect of inclusion of CaC0s on organic acid production and NH3 during fermentation of
post-harvest wastes of S. tuberosum, with a microbial preparation with lactic acid activity

Indicator Time, h Temperature, CaCOs, % SE=
°C 0.25 0.50 0.75 p-value
Lactic acid, 24 20 00.002* 26.02 35.25h 0.003
mmol/L 25 42 .43f 49.00¢ 31.31i P<0.0001
48 20 39.36¢ 52.33¢ 56.86¢
25 52.90° 48.33¢ 56.86°
NH;s meq/L 24 20 3.74k 3.76 4.96¢ 0.02
25 4.53¢ 4.80" 6.55¢  P<0.0001
48 20 5.35¢ 5.24¢ 3.821
25 437" 6.14 4.17

abedefehiik Means with different letters differ at p<0.05 (Duncan 1955)

Results indicate that the use of the microbial
mixture, of medium and rapid lactic fermentation,
in potato post-harvest wastes and CaCOs additive
maintain favorable conditions for the production of
organic acids, mainly lactic acid. According to Muck
et al. (2018), Lactobacillus buchneri is the dominant
species used in silage additives with BAL, obligate
heterofermentative. It slowly converts lactic acid to
acetic acid and 1,2-propanediol during storage in the
silo, improving aerobic stability, without affecting
animal productivity. However, these studies are not
sufficient to determine the effects it could have on
animals.

Table 4 shows the results of the microbiological
analysis carried out on the fermentation of potato
wastes, inoculated with the microbial preparation.
By including calcium carbonate in the mixture,
concentration of aerobic bacteria increased with
respect to control (0 %). The highest concentration
was found with 0.25 % carbonate and incubation
at 20 °C for 48 h. No defined performance was
observed with respect to factors time, temperature
and percentage of CaCOs. This result does not appear
to be related to the effect of the additive or to the
produced lactic acid, but rather to growth inhibition
during fermentation and to the humidity of the system.
Han ef al. (2013) stated that the addition of CaCOs in
fermentations with bacteria increases their growth. In
addition, it increases the levels of sugar transporting
proteins and of proteins involved in the synthesis,
repair, recombination and replication of DNA. Tian
et al. (2015) obtained results with the inclusion of
CaCO:s in the fermentation of sugarcane bagasse by
Clostridium thermocellum and in the degradation of
this substrate. They also verified its stimulating effect
on biohydrogen production.

LABs, like mesophilic bacteria, increased their
concentration compared to control, and a maximum of
1.7x108 CFU/ mL (8.24 log CFU/mL) was obtained with
0.50 % CaCOs in 48 h of fermentation at 25 °C. Howeyver,
they maintained concentrations of 107 CFU/mL at the

Los resultados indican que el uso de la mezcla
microbiana, de mediana y rapida fermentacion lactica, en
los desechos poscosecha de la papa y el aditivo CaCO,
mantienen las condiciones favorables para la produccion
de acidos organicos, fundamentalmente lactico. Segliin
Muck et al. (2018), Lactobacillus buchneri es la especie
dominante utilizada en aditivos de ensilaje con BAL,
heterofermentativos obligados. Convierte lentamente
el acido lactico en acido acético y 1,2-propanodiol
durante el almacenamiento en el silo, lo que mejora la
estabilidad aerobica, sin afectar la productividad animal.
No obstante, estas investigaciones no son suficientes para
determinar los efectos que pudiera tener en los animales.

En la tabla 4 se muestran los resultados del analisis
microbiologico realizado a la fermentacion de los residuos
de la papa, inoculada con el preparado microbiano. Al
incluir carbonato de calcio en la mezcla, aumenté la
concentracion de bacterias aerobias con respecto al control
(0 %). La mayor concentracion se encontr6 con 0.25 % de
carbonato e incubacion a 20 °C durante 48 h. No se observo
un comportamiento definido con respecto a los factores
tiempo, temperatura y porcentaje de CaCOs. Este resultado
no parece estar relacionado con el efecto del aditivo ni
con el acido lactico producido, sino con la inhibicion del
crecimiento durante la fermentacion y con la humedad del
sistema. Han et al. (2013) comprobaron que la adicion
de CaCO:s en fermentaciones con bacterias incrementa
el crecimiento de estas. Ademas, aumenta los niveles
de proteinas transportadoras de azlicar y de proteinas
involucradas en la sintesis, reparacion, recombinacion
y replicacion del ADN. Tian et al. (2015) obtuvieron
resultados con la inclusion de CaCOs en la fermentacion
del bagazo de caia de aziicar por Clostridium termocellum
y en la degradacion de este sustrato. Comprobaron, ademas,
su efecto estimulador en la produccion de biohidrogeno.

Las BAL, al igual que las bacterias mesofilas,
incrementaron su concentracion con respecto al
control, y se obtuvo un maximo de 1.7x10®* UFC/mL
(8.24 log UFC/mL) con 0.50 % de CaCOs en 48 h
de fermentacion a 25 °C. Sin embargo, mantuvieron
concentraciones de 10’ UFC/mL a las dos temperaturas
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two evaluated temperatures, which indicated that the
inoculum, added to the microbial preparation with
heterofermentative lactic bacteria, produced lactic acid
in the initial period of fermentation with a decrease
of pH, regardless of temperature and percentage of
inclusion of carbonate as an additive. This condition
causes the suppression of enterobacteria, clostridia
and other microorganisms, thus reducing DM losses
due to proteolysis and fermentation. According
to Okubo ef al. (2018), in the active fermentation
period, it is expected that pH will decrease more
quickly, and to a lower value compared to an untreated
or not inoculated silage, which improves protein
preservation during this process.

In fermented mixtures, yeasts are in a lower
proportion in relation to aerobic and lactic bacteria.
At 24 h, yeast concentrations decreased with the
inclusion of carbonate, without the influence of
temperature. However, higher values were found
for these populations at 48 h. These results may be
associated with the physical-chemical components of
the used sources and fermentation conditions. Yeasts
appear to take longer to establish and grow in these
environments, as well as in synergy with bacteria.
According to Miranda et al. (2018), agroindustrial
by-products (molasses, whey, soy milk and vinasse)
are available sources that can be efficiently used for
growth and development of microorganisms with
functional activity of their metabolites. However, the
combination of Lactobacillus plantarum and molasses
has been demonstrated to cause a decrease of yeasts
in silage as well as in ruminal fermentation (Zhao et
al. 2019). Studies by Marrero et al. (2015) report that
yeasts, as efficient microorganisms in the ruminal
environment, tolerate a pH range between 3 and 10,
but prefer a slightly acidic medium with the addition
of C molasses, as a rich source of easily fermented
carbohydrates. This corresponds to the values obtained
in this study for mixed populations.

Table 5 shows results of the effect of CaCOs
on protein and DM content during solid-state
fermentation of post-harvest wastes of S. tuberosum,
inoculated with a microbial preparation with lactic
activity. With fermentation, crude protein percentage
of mixtures increased in all treatments. The highest
values were obtained with the inclusion of 0.50 %
of CaCOs, which represents a marked difference
with protein contents at 25 °C, which were superior
to fermentation at 20 °C, at 48 h. During this time,
similar performance was found with a tendency
to increase in crude protein with the addition of
0.50 % of CaCOs at 25 °C, but lower than those
expected according to the results of pH and humidity
of the system. However, TP/CPx100 relationship,
which expresses microbial protein synthesis, was
the same for temperatures of 20 oC and 25°C
with 72.76%. Therefore, under rustic or field solid
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evaluadas, lo que indica que el inoculo afiadido
en el preparado microbiano con bacterias lacticas
heterofermentativas produce acido lactico en el periodo
inicial de la fermentacién con disminucién del pH,
independientemente de la temperatura y el porcentaje
de inclusion del carbonato como aditivo. Esta condicion
provoca la supresion de enterobacterias, clostridios y otros
microorganismos, y asi se reducen las pérdidas de MS por
proteolisis y fermentacion. Segin Okubo et al. (2018),
en el periodo de fermentacion activa se espera que el pH
baje mas rapidamente, y a un valor inferior con respecto
a un ensilaje no tratado ni inoculado, lo que mejora la
preservacion de la proteina durante este proceso.

En las mezclas fermentadas, las levaduras estan en
menor proporcion en relacion con las bacterias aerobias y
lacticas. A las 24 h, disminuyeron las concentraciones de
levaduras con la inclusion del carbonato, sin influencia
de la temperatura. Sin embargo, a las 48 h se encontraron
valores superiores de estas poblaciones. Estos resultados
quizas estén asociados a los componentes fisico-quimicos
de las fuentes utilizadas y a las condiciones de la
fermentacion. Al parecer, las levaduras necesitan mayor
tiempo para establecerse y crecer en estos ambientes, asi
como en sinergia con las bacterias. Segiin Miranda ef al.
(2018), los subproductos agroindustriales (melaza, suero
de leche, leche soya, vinaza) son fuentes disponibles que
se pueden emplear de forma eficiente para el crecimiento
y desarrollo de microorganismos con actividad funcional
de sus metabolitos. Sin embargo, se ha demostrado que
la combinacion de Lactobacillus plantarum y melaza
provoca disminucion de las levaduras en el ensilaje como
en la fermentacion ruminal (Zhao et al. 2019). Estudios
de Marrero et al. (2015) refieren que las levaduras, como
microorganismos eficientes en el ambiente ruminal,
toleran un rango de pH entre 3 y 10, pero prefieren un
medio ligeramente 4cido con la adicion de miel C de
cafia de azucar, como fuente rica en carbohidratos de
facil fermentacion. Esto se corresponde con los valores
obtenidos en esta investigacion para poblaciones mixtas.

En la tabla 5 se presentan los resultados del efecto
del CaCO0s, en el contenido de proteina y MS durante la
fermentacion en estado sélido de residuos poscosecha
de S. tuberosum inoculado con un preparado microbiano
con actividad lactica. Con la fermentacion, el porcentaje
de proteina bruta de las mezclas aument6 en todos los
tratamientos. Los valores mas altos se obtuvieron con
la inclusion de 0.50 % de CaCOs, lo que representa
una diferencia marcada con los tenores de proteina
a los 25 °C, los que estuvieron porcentualmente por
encima de la fermentacion a los 20°C, a las 48 h. En
este tiempo se encontraron comportamientos similares
con una tendencia al incremento en la proteina bruta
con la adicion de 0.50 % de CaCOs a los 25°C, pero
mas bajos que los esperados segtin los resultados del pH
y la humedad del sistema. Sin embargo, la relacion de
PV/PBx100, que expresa la sintesis de proteina
microbiana, fue la misma para las temperaturas de
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Table 4. Microbiological analysis of post-harvest wastes of Solanum tuberosum, fermented in solid state at different
temperatures with the inclusion of CaC0s

Indicator, Log 10 CFU/mL  Time Temperature Calcium carbonate, % SE+
(CFU/mL) (h) (C) 0 0.25 0.50 0.75 P-value
Mesophilic aerobic 24 20 5.34 7.27¢ 7.90° 7.05° 0.02
bacteria (2.1x10%)  (1.9x107)  (8.0x1.0")  (1.1x107) P<0.0001
25 7.11¢ 6.85" 7.79¢
(1.2x10")  (7.0x10%)  (6.2x107)
48 20 8.07 7.95° 7.05°
(1.1x10%)  (8.9x107)  (8.8x107)
25 6.77 6.92¢ 7.95°
(5.9x10%  (8.3x10%)  (1.2x107)
Yeasts 24 20 4.38¢ 3.66¢ 3.66¢ 2.99¢ 0.09
(2.5x10% (4.6x10°)  (4.6x10°)  (9.8x10%) P<0.0001
25 3.16¢ 2.69° 3.61¢
(1.4x10°%)  (4.9x10%)  (4.1x10%)
20 5.32° 5.64* 5.61°
48 (2.0x10°)  (4.3x105)  (4.1x10°)
25 4.40° 5.65° 5.74
(5.5x10%)  (5.6x10°)  (4.5x10%)
20 5.87 7.90¢ 7.50¢ 7.04¢ 0.01
Lactic acid bacteria 24 (7.5x10%)  (8.0x107)  (3.2x107)  (1.0x107) P<0.0001
25 7.00 7.99° 7.91¢
(1.0x10")  (0.97x107)  (8.1x107)
20 7.96° 7.58¢ 7.18¢
48 (9.1x10")  (3.8x107)  (1.5x107)
25 7.01¢n 8.24° 6.98

(1.0x107)  (1.7x10%)  (9.5x10°)
abedefehiiMeans with different letters indicate differences at p<0.05 (Duncan 1955)
*Data were transformed according to log10 (X) because they do not follow a normal distribution
() means of the colony forming units per milliliters (CFU/mL)

Table 5. Effect of CaCO0s on protein content and DM during solid state fermentation of post-harvest
wastes of S. fuberosum, inoculated with a microbial preparation with lactic acid activity

Indicator. % Time, Temperature, Calcium carbonate inclusion, % SE +
’ h 'C 0 025 050  0.75 p-value
Crude protein o4 20 18.48 18.84> 19.02* 17.72¢
25 17.311  16.41 17.48¢"  17.35M 0.050
48 20 17.54% 18.72° 18.50° 17.66% P<0.0001
25 17.58% 18.20¢  19.09* 17.74¢
True protein 4 20 12.94¢  13.28° 13.83* 12.72¢
25 12.12"  11.57 12.72¢  12.45f 0.050
43 20 12.21¢0  13.20°  13.46° 12.68° P<0.0001
25 12318 12.83% 13.89* 12.73¢
DM 20 17.49°  17.24*  18.49™ 20.72
24 25 23.51¢  21.000 22.49" 22.73" 0.010
43 20 39.90°  40.57° 37.51°  39.66¢ P<0.0001
25 20.85%  35.18"  40.90* 17.84"

abedetehijklmnopMeans with different letters differ at p<0.05 (Duncan 1955)

fermentation conditions, it is more advisable to use 20 °C y 25°C con 72.76 %. Por tanto, en condiciones

temperatures of 20 °C. de fermentacion solida ristica o de campo, es mas
With respect to DM, at 20 °C, increases were recomendable utilizar temperaturas de 20 °C.

observed in the different inclusion levels of calcium Con respecto a la MS, a la temperatura de 20 °C se
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carbonate during fermentation. Although the highest
value was 40.57 % in 48 h, it is considered very humid
to obtain a final product with the quality indicators for
ruminant animals (Borras 2017). However, at 25 °C,
the performance was opposite and there was no definite
tendency in dry matter values with the different levels
of calcium carbonate, finding high and low values,
indistinctly. This result is due to the large amount of
water still contained in potato post-harvest wastes,
which makes their ensiling and preservation difficult
(FAO 2015). Thus, a suitable medium is provided for
the development of microorganisms, which alter the
material and can be pathogenic for animals. However,
in the current study, concentration of lactic acid and
the maintenance of low pH allowed the removal of
undesirable microorganisms.

The performance of chemical indicators of food
indicated that when the potato is cut, it quickly begins
a leaching process, which leads to significantly wetting
food and altering its organoleptic characteristics and
conservation. Urea hydrolysis by bacteria within
fermentation in its metabolic process of cellular
synthesis produces water and ammonia. This could
be volatilized depending on final pH of the process
and, possibly, on the deamination of peptides and
amino acids, on a smaller scale. Part of the water
produced during the oxidation of molecules could be
evaporated by the metabolic heat generated during
the SSF process (Pandey ef al. 2001 and Mitchell
et al. 2002). However, in the previously mentioned
studies, these processes did not significantly influence
final dry matter, so the fermentation mixture still
maintains high values for the fermentation process
to be effective.

True protein demonstrated an increase of 4.98
percentage units with respect to the microbial
preparation (8.85 %) as a biological accelerator in
fermentation, according to Borras (2017) for the
temperature of 20 °C during 24 h of fermentation. These
values are maintained with differences with respect to
calcium carbonate levels at 48 h, so this compound
favored the microbial synthesis of concentration of the
initial CFU/mL. Siebald ef al. (2002) highlighted that
around 50 % of crude protein belongs to non-protein
nitrogenous compounds. One of them is solanidine, an
alkaloid that can be present, free or combined in the
form of glycoalkaloids, called chaconine and solanine,
both toxic to animals. These compounds are eliminated
by solid-state fermentation, since most of the protein
of this study has microbial origin, and does not come
directly from food.

Results of chemical and microbiological indicators
evidenced that other raw materials with a high DM
proportion should be evaluated, so that they allow to
create a mixture for ensiling, with a percentage close to
that recommended for animal feed.

It is concluded that the inclusion of 0.50 % of CaCOs,
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observaron incrementos en los distintos niveles de inclusion
del carbonato de calcio durante la fermentacion. Aunque
el mayor valor fue de 40.57 % en 48 h, se considera muy
htmedo para obtener un producto final con los indicadores
de calidad para animales rumiantes (Borras 2017). Sin
embargo, a temperatura de 25 °C, el comportamiento fue
opuesto y se observd que no hubo tendencia definida en
los valores de materia seca con los diferentes niveles de
carbonato de calcio, encontrandose valores altos y bajos
indistintamente. Este resultado se debe a la gran cantidad
de agua que aun contienen los residuos de poscosecha
de la papa, lo que dificulta su ensilado y preservacion
(FAO 2015). Se provee asi de un medio adecuado para el
desarrollo de microorganismos, que alteran el material y
que pueden ser patdgenos para los animales. Sin embargo,
en este estudio, la concentracion de acido lactico y el
mantenimiento del pH bajo posibilitaron la eliminacion de
microorganismos indeseables.

El comportamiento de los indicadores quimicos del
alimento indico que la papa al ser cortada inicia rapidamente
un proceso de lixiviacion, lo que lleva a humedecer
sensiblemente el alimento y a alterar sus caracteristicas
organolépticas y conservacion. La hidrdlisis de la urea
por bacterias presentes en la fermentacion en su proceso
metabolico de sintesis celular produce agua y amoniaco.
Este se pudiera volatilizar en dependencia del pH final del
proceso y, posiblemente, de la desaminacion de péptidos
y aminoécidos, en menor escala. Parte del agua producida
durante la oxidacion de las moléculas se pudiera evaporar
por el calor metabdlico generado durante el proceso de FES
(Pandey et al. 2001 y Mitchell ef al. 2002). Sin embargo,
en los estudios citados estos procesos no influyeron
significativamente en la materia seca final, por lo que la
mezcla de fermentacién mantiene valores todavia altos
para que el proceso fermentativo sea efectivo.

La proteina verdadera mostré incremento de 4.98
unidades porcentuales con respecto al preparado microbiano
(8.85 %) como acelerador bioldgico en la fermentacion,
segun refiere Borras (2017) para la temperatura de 20 °C
durante 24 h de fermentacion. Estos valores se mantienen
con diferencias con respecto a los niveles de carbonato de
calcio a las 48 h, por lo que este compuesto favorecio la
sintesis microbiana de la concentracion en UFC/mL inicial.
Siebald et al. (2002) resaltan que, aproximadamente, 50 %
de la proteina bruta corresponde a compuestos nitrogenados
no proteicos. Uno de ellos es la solanidina, alcaloide
que puede estar presente libre o combinado en forma de
glicoalcaloides, denominados chaconina y solanina, ambos
toxicos para los animales. Estos compuestos se eliminan
por la fermentacion en estado sélido, pues en este estudio
la mayoria de la proteina es de origen microbiano, y no
proviene directamente del alimento.

Los resultados de los indicadores quimicos y
microbiologicos indicaron que se deben valorar otras
materias primas con alta proporcion de MS, de modo que
permitan crear una mezcla para ensilar, con un porcentaje
cercano al recomendado para alimento animal.
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at 20 °C during 24 h of fermentation of post-harvest Se concluye que la inclusion de 0.50 % de CaCOs, a
wastes of S. tuberosum with the microbial preparation, temperatura de 20 °C durante 24 h de fermentacion de los
maintains favorable conditions for the production of residuales poscosecha de S. tuberosum con el preparado
organic acids and the aerobic stability of fermentation. = microbiano, mantiene las condiciones favorables para la
Other plant materials are recommended to increase DM produccion de acidos organicos y la estabilidad aerobica de
content of the final product. la fermentacion. Se recomiendan otros materiales vegetales
para aumentar el contenido de la MS del producto final.
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