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ABSTRACT - The objective of the present study was to determine the nutritive value, the presence of antioxidant
compounds, and the antioxidant capacity of coffee pulp ensiled or non-ensiled. Dry matter (DM), crude protein (CP), ash, acid
detergent fiber (ADF), neutral detergent fiber (NDF), and lignin, as well as the antioxidant compounds present in coffee pulp
and their antioxidant capacity, were determined. A completely randomized design was used. Data were analyzed by analysis of
variance. Ensiling of coffee pulp increased the CP content from 98.6 to 111.6 g kg! DM, NDF from 414.6 to 519.5 g kg'! DM, ADF
from 383.9 to 439.3 g kg'! DM, and lignin from 122.9 to 133.6 g kg'! DM. Caffeine decreased from 5.72 to 5.02 mg g'! DM.
Three antioxidant compounds were detected. Caffeic acid decreased due to ensiling (16.49 vs 14.69 mg g! DM). Gallic acid
(2.88 vs 2.58 mg ¢! DM) and chlorogenic acid (62.12 vs 56.00 mg g ! DM) did not differ, and there was similar antioxidant
capacity of non-ensiled (215.66 pmol trolox g! DM) and ensiled coffee pulp (206.59 umol trolox g' DM). Despite the
decrease in the caffeic acid content due to the ensiling process, it is possible to use either ensiled or non-ensiled coffee pulp for
animal feeding because of its high antioxidant capacity.

Key Words: caffeic, caffeine, chlorogenic, gallic acid, silage, trolox

R. Bras. Zootec., 43(9):492-498, 2014

Introduction

Coffee is one of the most consumed beverages in the
world. Pulping yields 400 g coffee pulp/kg cherry, which
might represent a source of pollution of rivers and streams.
Coffee pulp has been used as animal feed. Weight gain,
feed intake, and feed efficiency have been evaluated in pigs
(Barrueta et al., 2000), sheep (Furuscho Garcia et al., 2000),
and fish (Bautista et al., 2005), proving that it is possible to
use it, although the amount used should be limited because
of the presence of certain antinutritional factors such as
caffeine and tannins. Different methods have been used to
reduce the caffeine content (Mazzafera, 2002; Tagliari et al.,
2003; Orozco et al., 2008); however, its application has
been difficult due to the large amounts of pulp generated by
coffee cherry pulping.

Given the high moisture content and fast decomposition
of the coffee pulp, an option to preserve it is by ensiling
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with molasses (Ulloa Rojas et al., 2003). On the other hand,
coffee-based drinks have proven to have a great antioxidant
activity (Richelle et al., 2001). This activity is due to the
great amount of phenolic compounds present in the coffee
grain (Farah and Donangelo, 2006), which decreases
depending on the type of roasting, which might decrease
polyphenol concentrations (Castillo et al., 2002; Duarte et al.,
2005). Like the grain, coffee pulp has been attributed with a
few antioxidant properties (Arellano-Gonzalez et al., 2011)
and it is possible that some handling practices alter its
antioxidant capacity. Besides the profile of the antioxidants
and their antioxidant capacity, it could help to decrease
oxidative stress in animals. However, it is necessary to
determine if ensiling can affect its chemical characteristics;
therefore, the objective of this research was to determine the
nutritional value, antioxidant compounds, and antioxidant
capacity of coffee pulp non-ensiled or ensiled with 50 g
molasses kg™! fresh pulp.

Material and Methods

The present study was conducted according to the
norms of ethics and biosafety of Colegio de Postgraduados,
Campus Montecillo, México.
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Coffee cherries (Coffea Arabica) were harvested in the
municipality of San Juan Lachao, Oaxaca, Mexico, located
at 16° 09' north and 97° 07' west, 1000 m altitude, with
a mean annual precipitation of 2200 mm (INEGI, 2011).
The cherries were wet-processed within 12 hours after
harvesting. The pulp remained lying for 12 hours to lose
excess water acquired during pulping. Later, the pulp was
mixed with 50 g molasses kg! pulp and ensiled in eight
plastic containers, 200-kg capacity each. Fermentation
lasted 60 days. Fifty grams of molasses kg ! pulp were used
because there are references which indicate that it improves
the nutritional value and ensures good fermentation (Ulloa
Rojas et al., 2003). The study consisted of two treatments:
non-ensiled coffee pulp and ensiled coffee pulp with 50 g of
molasses kg™! fresh pulp. At the end of the ensiling process,
the pH of the fermented coffee pulp was measured. Three
samples of 1.50 kg were collected per container before and
after ensiling (top, middle, and bottom of the container),
and mixed to obtain a single sample per container. These
samples were divided into three sub-samples.

The first sub-sample was dehydrated at 55 °C in a
forced-air oven for three days and was used to determine
dry matter (DM), ash, crude protein (CP) (AOAC, 1990),
neutral detergent fiber (NDF), acid detergent fiber (ADF),
and lignin contents (Van Soest et al., 1991).

The second sample was used to determine volatile
fatty acids and lactic acid. Twenty grams of fresh material
were weighed and 20 mL distilled water was added. The
sample was blended, filtered, and mixed in a 4:1 proportion
with metaphosphoric acid at 25%. Volatile fatty acids were
determined using the Erwin et al. (1961) technique, and
lactic acid through the modified Taylor (1996) technique.

The third sample was freeze-dried at —55 °C for 5 days.
One gram of the freeze-dried sample was weighed and 5 mL
H,O were added; it was shaken for 20 min then centrifuged
at 5,000 rpm for 10 minutes and the supernatant was
gathered. This aqueous extract was filtered through a nylon
acrodisc with 0.45 um pores, and then injected in an Agylen
Technologies liquid chromatograph (model 1100) equipped
with an Agylen Technologies diode and automatic injector
set (model 1200). The column used was a Nucleosil 100 A,
125 x 4.00 mm particle size. To determine the antioxidant
compounds present in the coffee pulp, the gradient
analysis was carried out using methanol in A and 5% formic
acid in H,O in B. Flow speed was 1.50 mL per minute at
25 °C, injecting 20 pL sample and reading at 280 nm. Ten
Sigma-brand acids with antioxidant properties were used
to build the standard curve: gallic, chlorogenic, syringic,
vanillic, 2-5-dihidroxibenzoic, caffeic, p-hidroxibenzoic,
2-3-dihidroxibenzoic, ferulic, and p-coumaric.

To determine the amount of caffeine present in the pulp,
an isocratic analysis was performed using water and HPLC
degree acetonitrile in a 75:25 ratio. Ten microliters of the
sample were injected at a flow rate of 0.80 mL per minute,
25 °C and reading at 273 nanometers. To build the standard
curve, Merck brand caffeine was used as the standard.

Tomeasure the antioxidant capacity, the same subsample
for detecting antioxidant compounds and caffeine was
used. Before measuring the antioxidant capacity, a sample
extract was obtained following the technique described by
Restrepo-Sanchez et al. (2009) with some adaptations, 0.50 g
coffee pulp was weighed, rinsed with 10 mL methanol at
50% in water, and acidified with HCI 2N at a pH of 2. It was
later shaken for 1 h at 37 °C and centrifuged at 3000 rpm
for 15 minutes at 4 °C. The supernatant was collected and
the precipitate was treated with a mixture of 70% acetone
and 30% water, shaken and centrifuged as with the first
dilution. This second supernatant was collected and mixed
with the first. The antioxidant capacity was measured
using the FRAP technique (ferrous reduction antioxidizing
power) by Benzie and Strain (1999). The modification was
that the samples were incubated, shaking, for 20 min, and
then measured in a spectrophotometer at 593 nanometers.
The interpretation of the pattern curves was performed with
different trolox (6-hidroxi-2-5-7-8-tetramethyl-croman-2-
carboxilic acid) concentrations, which is a water soluble
equivalent of vitamin E.

A completely randomized design was used with two
treatments: non-ensiled coffee pulp and ensiled coffee
pulp, with eight repetitions per treatment. The experimental
units were the containers. Data were analyzed by analysis
of variance, considering the containers where the pulp was
ensiled as a block. The SAS (Statistical Analysis System,
version 9) software was used. The model used was:

Y, =u+t+B+e,
in which: Y, =response variable of the i-th treatment in the j-th
container, u = overall mean, t, = effect of the i-th treatment,
Bj = effect of the j-th container; and €= random error.

Results

The pH of the pulp after two months of fermentation
was 4.16. Acetic acid was found at 18.54 g kg' DM in
the silage; neither propionic nor butyric acid was detected
(Table 1).

The composition of the nutrients found in the coffee
pulp ensiled and non ensiled (Table 2) shows that coffee
pulp with 50 g molasses kg! pulp contained 764.02 g kg'!
moisture. Despite having a low amount of dry matter, the
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silage did not spoil or present bad odors. The ash percentage
for coffee did not differ (P>0.05) between ensiled and non-
ensiled pulp. With regard to the CP percentage, it was greater
(P<0.05) in the ensiled (111.6 gkg! DM) than the non-ensiled
(98.6 g kg! DM) coffee pulp. The neutral detergent fiber
increased from 414.60 to 519.50 g kg™' DM (P<0.05), while
ADEF increased from 383.90 to 439.30 g kg'' DM (P<0.05)
after ensiling. The lignin percentage increased by 1.07% of
the total DM (P<0.05) (Table 2).

Ensiling decreased (P<0.05) the amount of caffeine
from 5.72 mg g to 5.02 mg g DM coffee pulp (Table 3).
The caffeic acid concentration decreased due to the ensiling
process (P<0.05) from 16.49 mg g ' to 14.69 mg g', while
ensiling had no effect on gallic and chlorogenic acids
(P>0.05). Despite the decrease in the concentration of
caffeic acid, the antioxidant capacity value measured by the
ferrous reduction technique (FRAP) was similar (P>0.05)
in non-ensiled coffee pulp (215.66 pmol trolox g' DM)
and ensiled coffee pulp with 5 mg molasses kg pulp
(206.59 pmol trolox g! DM) (Table 3).

Table 1 - Values (+ SE) for pH, lactic acid, and concentration of
volatile fatty acids in coffee pulp ensiled for 60 days
with 50 g molasses kg! coffee pulp

Characteristic Value
pH 4.1620.06
Acetic acid (g kg DM) 18.54+1.34
Propionic acid (g kg™ DM) Not detected
Butyric acid (g kg™ DM) Not detected
Lactic acid (g kg™' DM) 47.38+1.64

SE - standard error.

Discussion

The pH of the pulp after two months of fermentation
was near 4, where bacterial growth is inhibited (Ryser et al.,
1997). However, pH values greater than 4.50 have been
reported for barley, with high values of lactic and acetic
acid, which indicates good fermentation (Hristov and
McAllister, 2002). Despite the high moisture content in
the silage, because there was no butyric acid, the coffee
pulp silage did not have unpleasant smell or taste, which
might have been rejected by the animals. A high value of
lactic acid (47.38 g kg™' DM) was found, higher than those
found for corn and sorghum silage (Juarena, 2008). The
high content of lactic acid indicates that there were enough
soluble carbohydrates in the coffee pulp, which has a sweet
taste due to the presence of a great amount of sugars, besides
the 50 g molasses kg ! pulp that was added, thus increasing
the content of soluble carbohydrates. Because of this, it
is essential to determine if it is necessary to add molasses
to the coffee pulp before ensiling, or if its addition can be
omitted for practical and economic reasons.

The ash values were higher than those found by
Figueroa and Mendoza (2010), who reported an average of
66 g kg'!, and those found by Bautista et al. (2005), who
reported 74 g kg! for unfermented coffee pulp and 69 g kg!
for coffee pulp ensiled with 50 g molasses kg coffee pulp.
The high ash values found in this study could be due to
the hand-picked method and the pulping process, where it
could have been contaminated with different minerals from
the soil.

Table 2 - Coffee pulp composition before and after ensiling with 50 g molasses kg™ coffee pulp

Treatments
Nutrient SEM P-value
Non-ensiled coffee pulp (g kg™! DM) Ensiled coffee pulp (g kg™! DM)
Moisture 764.02 781.04 7.56 0.234
Ash 145.60 144.70 5.20 0.901
Crude protein 98.60b 111.66a 1.68 <0.0001
Neutral detergent fiber 414.60b 519.50a 10.17 0.0014
Acid detergent fiber 383.90b 439.30a 9.40 <0.0001
Lignin 122.92b 133.68a 3.02 0.027
a,b - different letters in the same row indicate differences (P<0.05).
SEM - standard error of the mean.
Table 3 - Levels of caffeine and antioxidant compounds in non-ensiled or ensiled coffee pulp
Treatments
Compound - - SEM P-value
Non-ensiled coffee pulp Ensiled coffee pulp
Caffeine (mg g”' DM) 5.72a 5.00b 0.22 0.038
Caffeic acid (mg g! DM) 16.49a 14.69b 0.59 0.024
Gallic acid (mg g! DM) 2.88 2.58 0.25 0.357
Chlorogenic acid (mg g”' DM) 62.12 56.18 2.76 0.295
FRAP (umol trolox g™' DM) 215.66 206.59 13.59 0.647

a,b - different letters in the same row indicate differences (P<0.05).
SEM - standard error of the mean; FRAP - ferric reducing ability of plasma.
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Crude protein increased in ensiled coffee pulp, which
might be due to a decrease of carbohydrates during the
ensiling process, which in turn increased CP (Pedroso et al.,
2005). Noriega Salazar et al. (2009) reported that the CP
percentage in coffee pulp was higher as the ensiling time
increased, observing the maximum CP levels at 120 d of
ensiling. On the other hand, Bautista et al. (2005) found
no increase in the CP percentage when evaluating coffee
pulp not ensiled or ensiled with 50 g molasses kg™ pulp,
and ensiled with no additive. The average CP value for
these was 85 g kg! DM. Moreover, Molina et al. (1990)
reported 114.30 g kg' DM crude protein in unfermented
coffee pulp, while Figueroa and Mendoza (2010) reported
115 g kg! DM protein in a typical variety of unfermented
coffee pulp, similar to the value found in this study. It is
possible that the differences found among authors are due
to factors like ripeness, soil type, variety, or fertilization of
the coffee fields. The coffee plantation where the samples
for this research were collected is not fertilized, shaded,
and under an organic production system. The higher NDF
and ADF values found in the present study contrast those
obtained by Molina et al. (1990), who observed that ensiling
decreased NDF from 454 to 385 g kg™! DM, and ADF from
442 t0 370 g kg™' DM, while Villalba et al. (2011) reported
615.80 g kg! NDF and 372.10 g kg™! DM ADF in coffee pulp
ensiled with 50 g molasses kg' pulp. The differences among
authors for the NDF, ADF, and CP could be due to factors
similar to those reported for corn silage, where ripeness and
variety modified these values (Vilela et al. 2008).

The soluble carbohydrates are mixed with the effluents
during fermentation, while the fiber remains intact.
Therefore, the fiber content increases during fermentation
process and the percentages of NDF, ADF, and lignin could
be greater. Pedroso et al. (2005), working with sugarcane,
found that CP, ADF, NDF, and lignin increased, given the
great loss of soluble nutrients in the form of gases and
effluents. In the present experiment, the increase could be
due to the addition of 50 g molasses kg pulp on top of the
sugars already present in the coffee pulp, which could have
been transformed into lactic acid or lost during the ensiling
process, which in turn caused the levels of CP, ADF, NDF,
and lignin to increase.

The caffeine values were lower than those reported
by Barcelos et al. (2001), who observed an average of
8.70 mg g ! in dehydrated coffee pulp from three varieties
grown in Brazil. Molina et al. (1990), fermenting coffee
pulp with urea and dicalcium phosphate and inoculated it
with Aspergillus niger, found that the percentage of caffeine
decreased from 9.80 to 7.2 mg kg'. Although it has been
reported that caffeine could be a limiting factor for animal

feeding, different levels of coffee pulp inclusion into
animal diets have been tested, ensiled or not, without causing
any problems (Barrueta et al., 2000; Furuscho Garcia et al.,
2000; Bautista et al., 2005).

Some compounds such as caffeic acid (Giilcin, 20006),
gallic acid (Kim et al., 2008), and chlorogenic acid
(Ohnishi et al., 1994), which have shown antioxidant
capacity, have been found in coffee pulp, both ensiled
and non-ensiled, before and after ensiling. Caffeic acid is a
powerful antioxidant that is compared to alpha tocopherol
(Gtilcin, 20006).

Molina et al. (1990) reported that fermentation
with Aspergillus niger decreases the concentration of
polyphenols, without specifying the type of polyphenols.
Besides the pulp, chlorogenic acid has been found in other
coffee byproducts such as the cherry, skin, and grain of the
coffee (Murthy and Naidu, 2012).

Torres-Mancera et al. (2011), using enzymatic extraction
methods, found in coffee pulp 5.20 mg/kg hidroxicinamic
acids, of which 58.70% corresponded to chlorogenic
acid, 37.60% to caffeic acid, 2.10% to ferulic acid, and
1.50% to p-coumaric acid. These authors pointed out the
importance of extracting these compounds, since they
present anticarcinogenic, anti-inflammatory and antioxidant
properties. In the present research, chlorogenic was the
highest among the antioxidants found, followed by caffeic
acid. However, contrary to Torres-Mancera et al. (2011),
gallic acid was detected in concentrations of 2.88 mg g”! DM
in non-ensiled coffee pulp and 2.58 mg g' DM in ensiled
coffee pulp.

Arellano-Gonzalez et al. (2011) reported that
fermentation of coffee pulp with Aspergillus tamari
decreased the total content of hidroxicinamic acids by 34%.
However, the content of free hidroxicinamic acids, which
are not linked to the cell wall, increased by 134%. These
authors attributed these changes to the enzymatic action of
Aspergillus tamari on the cell wall, which in turn explains
the antioxidizing properties of fermented coffee pulp.

The caffeic acid present in coffee pulp can be partly
responsible for its antioxidant capacity. Giilcin (2006),
measuring the capacity of this compound, found that caffeic
acid has 20.10% more antioxidant capacity than trolox,
which is analogous to alpha tocopherol, and 54-70% more
than tocopherol.

Although gallic acid was found in a lower amount
than chlorogenic acid and caffeic acid, it might contribute
to the antioxidant activity of coffee pulp. Gallic acid has
been proven to have a greater hydrogen peroxide trapping
activity, followed by caffeic acid, and then by chlorogenic
acid (Sroka and Cisowski, 2003). Sato et al. (2011) found
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that caffeic acid has a greater antioxidant activity than
chlorogenic acid when evaluating the in vitro and in vivo
antioxidant properties of caffeic acid and chlorogenic acid.

The antioxidant capacity found for coffee pulp in
the present study was greater than that of cocoa fiber
(73.32 umol g ' DM), which contains phenolic compounds that
have been proven to be absorbed increasing the antioxidant
capacity in rat serum (Lecumberri et al., 2006). In the case of
coffee drinks, it has been reported that the type of preparation
modified their antioxidant capacity; Sanchez-Gonzalez
et al. (2005) found 199.00 umol g' DM in Italian coffee,
162.00 pmol g' DM in espresso, and 236.00 umol g DM
in filtered coffee.

Lietal. (2008), evaluating 45 medicinal plants in China
with different concentrations of polyphenols, reported
different trolox concentrations, 42 of which were lower
than those found for coffee pulp; Paeonia lactiflora Pall and
Paeonia suffruticosa Andr were similar, and only Sargento
doxacuneata Rehd. Et Wils showed greater a trolox content
(pmol/g) than those found in the present study. Likewise,
trolox concentrations in coffee pulp were greater than those
found by Tiveron et al. (2012) in 23 different plants grown
in Brazil.

Because of current production practices such as
supplementing animals with polyunsaturated fatty acids,
which increases susceptibility to lipoperoxidation (Gladine
et al., 2007a), and some critical physiological events such
as gestation (Garrel et al., 2010), postpartum transition
(Gitto et al., 2002), in management practices such as
synchronization protocols (Sonmez et al., 2009), or to
improve shelf life of meat products (Karre et al., 2013),
coffee pulp could be an agricultural byproduct with a great
potential to reduce oxidative stress in animals during high-
demanding physiological stages, due to its high antioxidant
capacity. Several studies have been conducted to evaluate the
use of natural antioxidants in animal response. Studying four
different plants rich in polyphenols, Gladine et al. (2007b)
determined that they had a high antioxidizing capacity.
They were also efficient in reducing lipoperoxidation
in diets with polyunsaturated fatty acids (Gladine et al.,
2007a). Thyme leaves (Thymus zygis ssp. gracilis) have
been proved to have antioxidant activity, by reducing
oxidation of meat from lambs from ewes supplemented
with these leaves during gestation (Nieto et al., 2011). The
extract of verbenaceae leaves (Lippia spp.), which contains
1.75 g kg! gallic acid, among other phenols, has proven
to reduce oxidation levels in plasma of postpartum ewes
(Casamassima et al., 2012). Other plants, such as rosemary,
grapes, citrics, and marigold are also efficient in reducing
lipoperoxidation in plasma (Gladine et al., 2007b).

It has been proven that besides the coffee grain, which
is used for human drinks, and toasted grain residues, which
show antioxidant properties (Yen et al., 2005), coffee pulp is
a highly available agricultural byproduct in coffee-growing
zones, and has an acceptable nutritional value. According to
the findings of the present research, coffee pulp had a high
polyphenol content besides its antioxidant capacity, which
could be used to protect animals from oxidative stress,
since it has been proven that the antioxidant properties of
polyphenol-rich plants are not inhibited during digestion
even in ruminants (Gladine et al., 2007Db).

Conclusions

Ensiling coffee pulp is a viable process. Coffee pulp
provides conditions for a good fermentation. When it is
ensiled with 50 g molasses kg fresh pulp, the crude protein,
acid detergent fiber, neutral detergent fiber and lignin contents
increase. Antioxidant compounds, such as chlorogenic acid,
caffeic acid and gallic acid are found in coffee pulp. Caffeic
acid decreases due to the ensiling process; however, the
antioxidant capacity of coffee pulp remains unchanged.
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