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ABSTRACT

In 2014, Ecuador generated 141,000 MT of cocoa sweatings equivalent to 12,320 MT of reducing sugars that through fermentation can
become Bioetanol. Cocoa sweatings was characterized to determinate its potential as biofuel. Methodologies described by AOAC 2005
standards were used. Values of 10.6 Brix; pH 3.58; density 1.10 g/ml, total sugars 12,33% reducing sugars 6.39% were observed. Chemical
groups such as alkaloids, reducing sugars, and coumarins triterpenoid were identified by phytochemical screeninng. 20 chemical compounds
were detected using by gas chromatography mass spectrometry (GC-MS): 3 carboxilic acids, 4 sugar acids, 3 sugar alcohols, 2 amino acids,
1 furan, 2 lactones, 1 monosaccharides, 2 disaccharides and 2 glycosides. They represent the 11.08% of total compounds separated, and
Sucrose (2.15%), glucose (2.13%) and fructose (4.42%) were identified by high performance liquid chromatography (HPLC). The study
showed that for each kilogram of dry cocoa produced 0.59 kg of mucilage are obtained and its sugars are an interesting source of raw material
for the production of second generation bioethanol, results that contribute to reducing the environmental impact that generate these waste.
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INTRODUCTION

Cocoa (Theobroma cacao 1..) is an important cash crop
around the world. There are among 5 to 6 million farmers
in developing countries that produce about 90% of the
cocoa production and 40 to 50 million of people depend
upon cocoa for their livelthoods (KKongor et al., 2010).
Ecuador is the eighth most important exporter of cocoa,
a crop that is principally used for the elaboration of
chocolate (Pérez -Neira, 2016). Large amounts of residue
are generated during cocoa processing, Cocoa pod husk,
cocoa bean shells and cocoa mucilage are the three main
byproducts generated (Martinez et al., 2012). Cocoa
mucilage is liquefied and removed from the bean and a large
quantity of a liquid known as sweatings drain off from the
bean during the fermentation step. Cocoa sweatings is the
breakdown product of the mucilage and represent from
5to 7% of fresh cocoa weight (Adams etal., 1982; Buamah
et al., 1997; Nigam and Singh, 2014). Cocoa sweatings

have been used as raw material for the preparation of
food product such as soft drinks, wine, jams, marmalade
and vinegar (Anvoh, Bi and Gnakri, 2009; Buamah et al.,
1997, Oddoye et al., 2013). Nevertheless, there is still a
limited information about the chemical characterization of
cocoa sweating. Characterization of the physico-chemical
components of cocoa sweating may add value to this
byproduct and improve the utilization in other fields. This
research arises to identify the main constituents of cocoa
sweating by chromatographic methods (GC and LC) so
novel uses will be promoted based on its characteristics as
well as mitigate environmental impact.

MATERIALS AND METHODS

This research was conducted at Bioproducts and
Bioprocesses Laboratory at Centro de Investigaciones
Biotecnolégicas del Ecuador (CIBE), in the Escuela
Superior Politécnica del Litoral (ESPOL).
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Raw material

Cocoa pods were collected during morning randomly in
a farm of Milagro city, Guayas province, during farmer’s
routine tasks. The samples have no apparent presence
of pathogens such as Moniliophthora perniciosa, M. roreri or
Phytophthora palpivora, which are major diseases in cocoa.
The harvest were stored in polypropylene bags with an
average temperature of 26° C. Under these conditions the
samples were transferred to the laboratory.

Sample preparation

Cocoa pods were opened in a cross-section; the seeds were
extracted and placed in a polypropylene bag for sweatings,
simulating the conditions of storage and fermentation
reported by farmers. The operation was done at room
temperature and sweatings were collected in a glass
container for 3 days and stored at 4° C.

Then, sweatings were filtered, frozen at -80° C and
lyophilized (LABCONCO) 10° mbar x 150 to -46° C. The
product obtained was pulverized in a mortar and placed
in amber glass bottles of 10 mL in a desiccator for further
analysis.

The analysis performed in this study correspond to a period
from June to October 2015, the presence of chemical
compounds and groups were evaluated. In addition,
parameters such as pH, conductivity, salinity, resistivity,
total solids, dissolved solids, suspended solids, density,
°Brix and surface tension were done.

Physico-chemical analysis

The pH was measured with pH meter (Oakton 510),
electrical conductivity (EC), salinity and resistivity were
measured by electrometric methods (Mettler Toledo).
Determination of total solids, dissolved solids, suspended
solids and density were analyzed by the gravimetric method
(AOAC, 2005). Brix were measured with a refractometer
(Kriss, Germany). The equilibrium surface tension (y st)
was measured at 25° C with a manual Kriss tensiometer
K6 (Kriss Optronic Hand, Hamburg, Germany) using
the ring method.

The qualitative identification (phytochemical screening)
of secondary metabolites in aqueous and alcoholic
extracts obtained from lyophilized samples of sweatings

was performed according to methodology described by
(Miranda and Cuellar, 2000).

Sugars content was assessed by high performance liquid
chromatography (HPLC) in a WATERS equipment using a
diode array detector (IDAD) and a reverse phase analytical
column (Symmetry 300TM C18.5 microns - 3.9 x 150 mm).
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The cocoa sweatings was derivatized with the reagent
Bis (trimethylsilyl) -trifluoroacetamide Sigma-Aldrich
brand mixing 2 mg of lyophilized sample with 200
ul. of derivatizing agent. The procedure used for
this process was adapted from the method described
by (Yougen et al, 2013). After the derivatization Gas
Chromatography Mass Spectrometry (GC-MS) analysis
were performed in an Agilent Technologies (7890A
GC system and 5975C inert XL MSD with triple axis
detector). A capillary column HP-5MS (30 m X 0.25 mm)
with phenyl methylpolysiloxane was used as stationary
phase (0.25 micron film thickness) and helium as the
carrier gas (1.5 mL/min). The injection of the sample
was done at a temperature of 250°C with split mode
(3:1), the interface temperature was 280°C, the detector
temperature was 250°C, the oven temperature was set at
80°C for 1 minutes and then was increased to 300°C at
7°C/min. The electron ionization to 70 eV and 230°C
was used as ion source and the data compounds were
collect with the full scan mode (40-1000 uma) in the
quadrupole mass analyzer. Finally, compounds were
identified by comparison of their mass spectra and mass
reference of Wiley 9" with NIST 2011 MS Library.

RESULTS AND DISCUSSION

The physical analysis of cocoa sweatings are shown in the
Table 1. Studies about juice from mucilage refer 3.75 and
16.17 as pH and Brix value respectively indicating that
the sweating got more grams of sucrose in 100 grams of
solutions and its 0.17 less acid. The importance of the pH
value found is that its concentration affects cell growth and
production of secondary metabolites. The same studies
show up that pH values between 3.5 and 5.0 are optimal
for further development of bread yeast (Buzas etal., 1989).
Given these characteristics, the cocoa sweatings have a pH
favorable for the development of those microorganisms
capable of splitting sugars and converting them into
Bioethanol.

The results of phytochemical screening conducted to
cocoa sweatings are presented in Table 2. These qualitative

Table 1: Physical characteristic of Theobroma Cacao L.
sweattings

Parameters (Unit)

Means values (n=3) = SD*

Density (g/ml) 1.1+0.01
°Brix 19.6+0.57
pH 3.58+0.07
Total suspends solids (mg/l) 192154
Conductivity (mS/cm) 3.29+0.06
Salinity (ppt) 3.04E+2 + 0.02
Superficial tension (N) 52.65+1.91

*SD: Standard deviation
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findings show the presence of major chemical groups
evidenced with potential for conversion into other chemical
species such as reducing sugars. Besides, it expose the
presence of alkaloids, aminoacids, triterpenes and/or
steroids. These studies are reported for the first time for
this kind of waste.

The reducing sugar content was 6.39% and total sugars
content was 12.33%, which the largest presence of fructose,
sucrose and glucose, 4.42%, 2.15% 2.13% respectively.
Cocoa sweating was partially similar to juice from mucilage
of cocoa reported by (Anvoh et al., 2009) (21.4% glucose,
2.13% sucrose), Gyedu and Oppong, 2003 (total sugars
7.5%, 2.3% glucose, fructose 1.06%) and (Adams et al.,
1982) (total sugars 7.38%).

The chromatogram presented in Fig. 1 shows the
chromatographic profile of Theobroma cacao L. sweating,

Table 3 lists the components identified in cocoa sweating;
20 chemical compounds were detected using the previously
describes techniques: 3 carboxylic acids, 4 sugar acids,

Table 2: Chemical groups present in sweatings of Theobroma
Cacao L.

Chemical groups Sweatings  Assay

Reducing sugars + Fehling

Triterpenes and/or steroids + Liebermann-Buchard
Alkaloids ++ Dragendorff
Aminoacids + Ninhidrina

(+): Presence of metabolite

Table 3: Chemical composition of Theobroma cacao L.
sweating

Peak Retention Compound Peak
time (minutes) area (%)
1 9.49 2-Butenedioic acid 0.02
2 11.95 Butanedioic acid 0.49
& 12.29 Erythritol 0.02
4 12.49 L-Aspartic acid 0.11
5 12.87 L-Threonic acid 0.01
6 13.16 Tetronic acid 0.01
7 14.18 Glutamic acid 0.14
8 14.25 D-Arabinonic acid gamma 0.01
lactone
9 14.44 L- (+)- Tartaric acid 0.13
10 15.62 Beta-D (-) Lyxopyranose 0.01
11 15.75 Xylitol 0.05
12 17.27 Rubrolide C 9.71
13 19.08 L- Ascorbic acid 0.12
14 20.023 D- Gluconic acid 0.08
15 20.10 Galacturonic acid 0.01
16 20.19 Galactofuranoside 0.04
17 21.02 Inositol 0.02
18 29.65 Maltose 0.02
19 30.11 Beta-Gentiobiose 0.05
20 35.19 Alpha D-Glucopyranoside 0.03
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3 sugar alcohols, 2 amino acids, 1 furan, 2 lactones,
1 monosaccharides, 2 disaccharides and 2 glycoside. They
represent the 11.08% of total compounds separated.

The compounds identified in cocoa sweating belong to
some chemical groups which have relevant biological
activities. Thus, there are some applications in different
areas that will explain below.

2-Butenedioic acid (Fumaric acid) is used as acidifying and
natural preservative in the pharmaceutical industry (Gold
et al., 2012). Fumaric acid is used in the manufacture of
polyester resins and polyhydric alcohols as a mordant for
dyes and (Yot et al., 2010).

Other important compound to mention is succinic acid
(Butanedioic Acid), for their usefulness in the chemical,
cosmetic, food as a sequestrant, buffer, and a neutralizing
agent (Hawley, 1993) as gastroprotector, antioxidant
(Espinoza, 2007). This metabolite has not been identified
in cocoa sweating, there are only references to his presence
and it is related to the quality of chocolate flavor during
fermentation of cocoa beans (aqueous extracts) (Fahrurrozi
et al.,, 2015; Lucas et al, 2010).

Erythritol is a sugar alcohol (polyol) that has been
approved for use as a food additive in the United States.
It occurs naturally in some foods and fermented fruit
(Shindou etal., 1988). In the industrial field, it is produced
from glucose by fermentation with yeast, Moniliella
pollinis.

This compound is sweeter than sucrose 60-70% (table
sugar) but almost with no calories (Vasudevan, 2013), it do
not affect blood sugar and not cause tooth decay (Noda
etal,, 1994; Kawanabe et al., 1992) and is partially absorbed
by the body, is excreted in urine and feces.
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Fig 1. Analytical gas chromatogram of Theobroma cacao L. sweating.

743



Balladares, et al.: Cocoa leachate

Tetronic acid wich activity comprises of antibiotic and
antiviral, cytotoxicity, mycotoxicity, as well as inhibition of
the cell cycle (Athanasellis et al., 2010). Glutamic acid an
aminoacid that had been identified on cocoa fermentation
with a concentration of 7.4 (0 hts) and 11.7 (72 hrs) (De
Brito et al., 2001). D-(+)-Glucuronic acid y-lactone wich
has been on the synthesis of optically active glucopyranoses
(Sato et al.,, 2008) and long-chain alkyl glucofuranosides
(Raaijmakers et al., 1994). Xilitol is a sugar that is non-
fermentable to alcohol and present interesting properties
such as antidiabetic, antioxidant and anticarcinogenicity
(Venkateswar et al., 2010). It is widely used as an artificial
sweetener in food and pharmaceutical industry. As
consumers prefer no calorie sweetener, xilitol demand is
increasing. The main raw materials used to produce xylitol
are corncob, soybean stalk, sugarcane bagasse and light
woods (Dhar et al., 2016). Rubrolide C is rarely found in
natural sources (Tale et al., 2012) and reports biological
activity against S. aureus, B. subtiliis B. megaterinm, Escherichia
coli, Clostridium perfringens and Micrococcus tetragenus (Sikorska
et al., 2012; Zhai et al., 2010).

Furthermore could identify the presence of L-ascorbic
acid (vitamin C), D- gluconic acid, a compound which
has been reported by (Abdul et al., 2014) from the cocoa
pod, a monosaccharide Galacturonic Acid which can be
polymerized used in the pharmaceutical, cosmetic and food
industries as pectin (Adi-dako et al., 2016). Galacturonic
Acid first identified in cocoa and could be a source for
ethanol production.

Inositol (0.02%) is a natural sugar alcohol found in cell
membrane of phospholipids, plama lipoproteins and
in the nucleus. This compound has been employed in
growth inhibition assays of human tumor cell lines (De
Lima et al,, 2015), as a protective agent in fishes with
copper exposure (Jiang et al., 2014), as indicator during
cellular apoptosis (Agarwal et al., 2010). Other compound:
Maltose (0.02%) is a disaccharide that it has too many
applications. It has been used as carbohydrate source in
growth performance studies of gilthead sea bream (Sparus
anrata) (Enes et al.,, 2010) and as stationary phase in a
column of hydrophilic interaction liquid chromatography
for carbohydrate separation (Fu et al., 2010). Even is a
promising osmotic agent in peritoneal dialysis solution
(Shu et al., 2010). The beta-Gentiobiose (0.05%) is the
other disaccharide of the study. It has been used in the
characterization of the glycosidic linkage of underivatized
disaccharides by interaction with Pb (2+) ions through
mass spectrometry (Firdoussi et al., 2007), as adjuvant
of archaeal synthetic glycolipid mimetics (Sprott et al.,
2008) and the extraction of crocin from saffron (Crocus
sativus) using molecularly imprinted polymer solid-phase
extraction (Mohajeri, et al., 2010).
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CONCLUSIONS

The results obtained in this study allowed to establish the
physical and chemical characteristics not reported in the
literature for cocoa sweating. This raw material isn’t used
in the process of natural fermentation and the amount of
°Brix (19.6), pH (3.58) can be turn them in fermentative
alcohol. Besides, the wide variety of compounds found,
constitute an interesting field for future develop specific
investigations. Thus, this material can be used as a feedstock
for the production of bioethanol and other products for
medicinal use.
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