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Abstract

Cocoa is a food product with sensory and organoleptic attributes that depends on postharvest processes such 
as fermentation. This process affects not only the sensory profile, but also chemical reactions and therefore, the 
quality of the product. Hence, the aim of this study is to carry out a chemical and sensory characterization of 
cocoa (Theobroma cacao L.) samples from different cocoa farms in the department of Huila, Colombia. Moreover, 
a bromatological analysis was performed, secondary metabolites (caffeine and theobromine) and total polyphenols 
were determined, as well as volatile fraction compounds using gas chromatography by solid phase microextraction 
in the headspace mode (HS-SPME); finally, the samples were classified (acceptable, unpleasant and contaminated) 
according to a tasting panel. In general, bromatological characteristics of cocoa samples showed acceptable 
levels, presence of special volatile compounds (linalool and linalool oxide) that affected sensory attributes (floral). 
Likewise, levels of caffeine and theobromine had adequate levels that resulted in bitter taste. A relationship was 
found between volatile fraction compounds and bromatological analysis variables, secondary metabolites and 
total polyphenols that affected the quality of the product.

Keywords: bromatological analysis, secondary metabolites, polyphenols, volatile fraction compounds, sensory 
analysis, sensory attributes.

Resumen

El cacao es un alimento que posee atributos sensoriales y organolépticos que dependen de procesos de poscosecha 
como la fermentación. Este proceso además de afectar el perfil sensorial, incide sobre las reacciones químicas y por 
consiguiente, en la calidad del producto. Por lo anterior, el objetivo de este estudio es realizar una caracterización 
química y sensorial de muestras de cacao (Theobroma cacao L.) de diferentes fincas cacaoteras en el departamento 
del Huila, Colombia. Se realizó además un análisis bromatológico, se determinaron los metabolitos secundarios 
(cafeína y teobromina) y polifenoles totales, así como compuestos de la fracción volátil utilizando cromatografía 
de gases por microextracción en fase sólida en el modo headspace (HS-SPME); por último, se realizó una 
clasificación de las muestras (aceptable, desagradable y contaminada) resultado de un panel de catación. En 
general, se encontraron muestras de cacao con características bromatológicas en niveles aceptables, presencia 
de compuestos volátiles especiales (linalool y oxido de linalool) que incidieron en los atributos sensoriales (floral). 
Así mismo, niveles de cafeína y teobromina en un nivel adecuado que se tradujo en el sabor amargo. Se encontró 
una relación entre los compuestos de la fracción volátil y las variables del análisis bromatológico, metabolitos 
secundarios y polifenoles totales que incidieron en la calidad del producto.

Palabras claves: análisis bromatológico, metabolitos secundarios, polifenoles, compuestos de fracción volátil, 
análisis sensorial, atributos sensoriales.
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Introduction

In cocoa (Theobroma cacao L.) precursor 
compounds that generate flavor and aroma 
attributes are developed during fermentation, 
drying and roasting stages (Miguel, Reis, Efraim, 
Santos, Lima & Schwan, 2017). One of the most 
important processes carried out by the producer 
is fermentation, essential to eliminate the pulp 
that surrounds the beans. During this process 
a consortium of natural yeasts is generated, 
including lactic as well as acetic acid bacteria, 
responsible for the production of alcohol and 
acid which diffuses in the beans, leading to 
complex biochemical reactions within these 
(Menezes, Batista, Ramos, Silva, Efraim, Pinheiro 
& Schwan, 2016). 

Nonetheless, the quality of the product 
depends on the chemical reactions that occur, 
and are characterized by organoleptic qualities 
described by basic, specific and acquired 
tastes; furthermore, aromas found in volatile 
components of cocoa liquor are also present (Liu, 
Liu, He, Song, Liu, Zhang & Su, 2017; Rivera, 
Mecias, Guzmán, Peña, Medina, Casanova,… 
Nivela, 2012). Owing to its high organoleptic 
qualities, which are obtained through sensory 
tasting panels. However, sensory attributes 
resulting from fermentation processes are 
related to biochemical variables such as content 
of secondary metabolites (theobromine and 
caffeine), as well as other products as fat and 
total polyphenols (Waehrens, Zhang, Hedelund, 
Petersen & Byrne, 2016).

These attributes must be preferred by the 
consumers due to their flavor or aroma, in other 
words, characteristics that will allow obtaining 
an excellent bean quality that will please the 
consumer and will have good marketing (Muñoz, 
2002). 

On the other hand, to identify a high quality 
product, most research programs have quality 
controls based on instrumental analysis. One 
of these is the study of aromas through sample 
analysis by solid phase microextraction in the 
headspace mode (HS-SPME), coupled with gas 
chromatography and mass spectrometry (GC-
MS); these are recognized as some of the most 
sensitive analytical techniques, extremely effective 
to separate and identify volatile compounds in 
cocoa (Waehrens et al., 2016). However, the HS-
GC-MS method does not consider the human 
threshold for detected volatile compounds and, 
therefore, certain specific volatile compounds of 
importance are not considered by the analysis. 
Sensory evaluation focused on human perception 
adds unique measures to the volatile compounds 
set analysis, and helps obtain a more complete 
picture of the quality of the product (Muñoz, 

2002). In this sense, in the department of Huila, 
cocoa production has been characterized by 
having excellent taste and aroma attributes, 
classified as fine aroma cocoa, and cocoa beans 
are turned into high quality products. Therefore, 
the aim of this study was to chemically and 
sensorially characterize cocoa (Theobroma cacao 
L.) samples from different cocoa farms in the 
department of Huila, Colombia.

Materials and methods

Study area

The cocoa beans were selected from mature pods 
from 18 cocoa farms in three municipalities in 
the northern region of the department of Huila 
(Colombia): Algeciras, Campoalegre and Rivera. Each 
of these zones has different climatic characteristics as 
follows: Algeciras (2° 31› 22.58” N and 75° 18’ 57.42” 
W), with an altitude between 800 to 3000 m.a.s.l., an 
average temperature of 22 °C, and an average annual 
rainfall of 1,500 mm; Campoalegre (2º 41’ 7.58’’ N 
and 75º 19’ 35.91’ W), has an altitude between 525 
and 1400 m.a.s.l., an average temperature of 27 °C, 
and an average annual rainfall of 900 mm; and the 
municipality of Rivera (2° 46’ 42.15” N and 75° 15’ 
34.93” W), has an altitude ranged from 500 to 1000 
m.a.s.l., an average temperature of 27 °C, and an 
average annual rainfall of 2500 mm.

Bromatological analysis

The following variables were established in 
triplicate for each cocoa sample: moisture 
(using the AOAC 931.04 18th and gravimetric 
technique), fat (extracted by the Soxhlet method, 
AOAC 963.15), pH (using a potentiometer, AOAC 
970.2118) and acidity (through titration).

Secondary metabolites and total polyphenols

For theobromine and caffeine quantification a high 
resolution liquid chromatograph (Thermo Fisher 
Scientific™ UltiMate™ 3000) equipped with a reverse 
phase column (Agilent ZORBAX Eclipse XDB 150 
x 2.1 mm), and calibrated at 273 nm was used. As 
the mobile phase, methanol (A) with water (B) was 
used in a ratio of 40:60. The mobile phase flow was 
0.7 mL. min-1. Identification of peaks was made by 
comparing theobromine and caffeine with HPLC 
standards. Moreover, for samples under optimal 
conditions and to allow polyphenols extraction, 
these were degreased by the Soxhler method with 
n-Hexane (AOAC 7.060/84) and analyzed with the 
Folin-Ciocalteu spectrophotometric method using 
gallic acid as reference material.

Volatile fraction compounds

Organoleptic quality assessment of Theobroma cacao L. in 
cocoa farms in northern Huila, Colombia
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To determine volatile fraction compounds, a gas 
chromatography by solid phase microextraction 
in headspace mode (HS-GC-MS) analysis of the 
methylated fraction was performed through gas 
chromatograph (GC 7890 Agilent Technologies) 
with a flame ionization detector (GC-FID). A 
capillary column AgilentHP-5 (5 % polydiphenyl, 
95 % dimethylsiloxane), 30 m long and 
320 μm internal diameter and 0.25 μm film 
thickness in SpIit 3:1 mode was used. Moreover, 
linalool, 2,3-butanediol, 2,5-dimethylpyrazine, 
2 - p h e n e t h y l a c e t a t e ,  a c e t o p h e n o n e , 
2,3,5-trimethylpyrazine, ethylbenzoate, phenethyl 
alcohol, acetylpyrrole, tetramethylpyrazine, 
benzaldehyde, phenylacetaldehyde (Sigma-aldrich), 
and acetic acid (Merck) were used as reference 
standards. Concentration results are presented as 
relative area percentage.

Sensory analysis

To establish sensory properties 3 kg of dry 
cocoa beans were used, processed according to 
postharvest conditions (fermentation and drying) 
established by each producer. Each sample was 
labeled and sent to the Food Laboratory of CICTA 
(NTC ISO / IEC 17025: 2005) at Universidad 
Industrial de Santander, to establish a description 
of flavors: basic (acidity, bitterness, astringency, 
salty), specific (cocoa, floral, fruity and walnut) 
and acquired (green).

Then, a tasting panel established a sensory profile 
with the average evaluation scores based on a 
quantitative assessment scale according to their 
rating (0 = absent, 1-2 = low, 3-5 = medium, 6-8 = 
high, 9-10 = very high, strong). Likewise, from the 
conclusions established by the panel, the results 
of the sample quality were labeled as acceptable, 
unpleasant and contaminated.

Statistic analysis

For each of the chemical compounds identified and 
sensory attributes found in cocoa liquor, descriptive 
statistics analysis (means and frequencies of 
variables) and an analysis of variance were 
performed using a Tukey test (P < .05). For each 
data set (i. bromatological analysis, secondary 
metabolites and total polyphenols, ii. volatile 

fraction compounds, and iii. sensory attributes) a 
principal components analysis (PCA) was performed 
to determine similarity between the classifications 
established by a sensory panel, and also explores 
the relationship among variables of the same 
data set. Moreover, to explore the relationships 
between data sets a PCA was used; then the 
matrices were connected through a co-inertia 
analysis, which is used as a sorting technique that 
correlates the first ordering axes of two matrices; in 
addition, to establish the significance of co-inertia 
values a Monte Carlo test was performed. The 
combinations generated between matrices were: i. 
Bromatological analysis, secondary metabolites and 
total polyphenols, with sensory attributes. ii. Volatile 
fraction compounds with sensory attributes, and iii. 
Bromatological analysis, secondary metabolites and 
total polyphenols, with volatile fraction compounds. 
Finally, multivariate analyzes (PCA and co-inercia) 
were generated using the Ade4 package (Dray, 
Dufour & Chessel, 2007) and using the R software 
version 3.4.0 (R Development Core Team, 2017) 
through the statistical software InfoStat interface 
(Di Rienzo, Casanoves, Balzarini, Gonzalez, Tablada 
& Robledo, 2017). 

Results

Bromatologica l  analys is ,  secondary 
metabolites and total polyphenols

Statistical dif ferences were found for pH 
and acidity (P < .05) among cocoa quality 
classifications, showing a negative correlation 
between these variables (r= -.95, P < .0001). 
Moreover, the moisture content showed a range 
of 5.77 ± 0.15 %, the fat content ranged between 
52.9 ± 0.42 and theobromine values were close 
to 12 mg.g-1 (Table 1).

Volatile fraction compounds

Fourteen compounds were identified with their 
concentration as a percentage of the relative area 
(Table 2). The most representative volatile fraction 
compounds were acetic acid, tetramethylpyrazine 
and 2,3-butanediol.

Table 1. Bromatological analysis, secondary metabolites and total polyphenols found in cocoa samples

Variable            Unit
Acceptable Unpleasant Contaminated General P-Value

Average E.E. Average E.E. Average E.E. Average E.E.
pH 5.29 ± 0.12 b 5.19 ± 0.09 b 5.85 ± 0.17 a 5.40 ± 0.10 0.0047

Humidity
%

5.82 ± 0.29 5.87 ± 025 5.55 ± 0.3 5.77 ± 0.15
Fat 53.13 ± 0.55 52.29 ± 0.44 53.81 ± 1.24 52.95 ± 0.42

Acidity 1.7 ± 0.13 b 1.84 ± 0.15 b 1.19 ± 0.17 a 1.62 ± 0.11 0.0245
Theobromine

mg.g-1

12.39 ± 0.52 11.87 ± 0.74 12.25 ± 0.42 12.12 ± 0.36
Caffeine 2.79 ± 0.25 2.59 ± 0.34 3.06 ± 0.41 2.77 ± 0.20

Total 
polyphenols 20.42 ± 0.9 21.52 ± 1.58 19.46 ± 0.83 20.64 ± 0.77

E.E.: Experimental error
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Table 2. Volatile compounds present in the aromatic fraction of cocoa samples 

Functional 
group Compound Attribute

M 
(g.mol-1)

Acceptable Unpleasant Contaminated P-value

Average   E.E.   Average   E.E.   Average   E.E.    

Aldehydes 
and 
ketones

Benzaldehyde Nuts 106.121 2.08 ± 0.32   2.71 ± 1.43   7.71 ± 3.27    

Phenylacetaldehyde Nuts 120.15 1.00 ± 0.17 0.86 ± 0.21 3.01 ± 1.38

Acetophenone Butter 120.1 0.87 ± 0.24   0.63 ± 0.14   0.63 ± 0.20    

Alcohols
2,3-butanediol Floral 90.121 14.64 ± 4.56   16.92 ± 4.35   9.82 ± 1.45    

Fenetil alcohol Frutal 122.17 3.84 ± 0.31   3.85 ± 1.76   6.84 ± 1.91    

Esters
Ethylbenzoate Floral 150.17 0.35 ± 0.17   0.11 ± 0.02   0.25 ± 0.02    

2-phenyl acetate Floral 136.1 2.04 ± 0.49   1.90 ± 0.38   1.50 ± 0.37    

Acids Acetic acid Astringent 60.02 38.26 ± 9.04   39.39 ± 5.93   24.16 ± 8.06    

Pyrazines

2,5-dimethylpyrazine Cacao 108.13 1.41 ± 0.29 a 1.02 ± 0.29 a 2.71 ± 0.44 b 0.014

2,3,5-trimethylpyrazine Cacao 122.17 0.32 ± 0.08 a 0.52 ± 0.16 a 0.92 ± 0.13 b 0.037

Tetramethylpyrazine Cacao 136.19 5.20 ± 0.74   3.88 ± 0.79   6.75 ± 1.38    

Terpenes
Linalool Floral 154.25 0.32 ± 0.14   0.18 ± 0.05   0.90 ± 0.46    

Linalool oxide Floral 170.25 1.40 ± 0.31 a 123 ± 0.21 a 2.94 ± 0.76 b 0.030

Pyrrols Acetylpyrrole
Cacao-

hazelnut-
chocolate

109.128 0.15 ± 0.03   0.31 ± 0.12
 

0.21 ± 0.05  
 

E.E.: Experimental error

Sensory attributes

Principal components analysis (PCA) for sensory 
attributes explains 85.4 % of the total data 
variability. Axis 1 expresses the relationship 
between sensory attributes with the factor of 
acceptance and rejection of the sample (Figure 
1, 2 and 3). Axis 2 contrasts a sensory attribute 
related to unpleasant classification (salty). 
The results show a high effect of the sensory 
attributes on the classification of the sample 
(p-value: .001, Figure 1). 

Figure 1. PCA projection in the factorial plane F1/F2 of sensory attribute 
variables and the classification carried out by a tasting panel. (a) Senso-
ry attributes; (b) Classification sorting included in the sample within the 
factorial plane of a PCA.

Figure 2. PCA projection in the factorial plane F1/F2 of the bromatological 
analysis, secondary metabolites and total polyphenols variables and the clas-
sification carried out by a tasting panel. (a) Bromatological analysis, secondary 
metabolites and total polyphenols; (b) Classification sorting included in the 
sample within the factorial plane of a PCA.

Figure 3. PCA projection in the factorial plane F1/F2 of volatile fraction 
compound variables resulting from the HS-SPME GC-MS analysis. (a) Vol-
atile fraction compounds, (b) Classification sorting included in the sample 
within the factorial plane of a PCA.
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Relationship among data sets

According to the co-inercia analysis only a 
significant covariance was found between 
volatile fraction compounds and variables of the 
bromatological analysis, secondary metabolites 
and total polyphenols (RV: 0.5, p-value: .001, 
Monte de Carlo test Figure 4 e and f). 

Figure 4. Co-inercia analysis between i. bromatological analysis, secondary 
metabolites and total polyphenols, ii. volatile fraction compounds, and iii. sen-
sory attributes. a and b. Relationship between matrices of i and iii; c and d. 
Relationship between matrices ii and iii; e and f. Relationship between ma-
trices ii and i.

Discussion

Bromatological analysis, secondary metabolites 
and total polyphenols

Moisture content of the samples analyzed 
showed values similar to those reported by To-
rres-Moreno, Torrescasana, Salas-Salvadó & 
Blanch (2015). Moreover, fat content showed 
similar values in ranges with previous report 
carried out by Caprioli, Fiorini, Maggi, Nicoletti, 
Ricciutelli, Toniolo & Sagratini (2016), in relation 
to different factors that can affect this concen-
tration.

Moreover, theobromine is a major compound 
that belongs to the methylxanthine group found 
in the cacao plant Theobroma cacao L., with phar-

macological effects, including nervous system 
stimulation properties and diuresis induction. 
In this case, theobromine contents were similar 
to those reported by Hu, Kim & Baik (2016) with 
values close to 12 mg.g-1 (Table 1) and much 
lower than those reported by Ramli, Yatim, Said 
& Heng, (2001) with values close to 26.64 mg.g-1 
per sample.

Furthermore, polyphenols content in cocoa 
beans has received recent attention due to their 
antioxidant properties and their effective im-
pact of reactive oxygen species. However, loss 
of polyphenols content in cocoa is the result of 
phenolic compound oxidation, followed by poly-
merization and insoluble compounds formation of 
high molecular weight (Irina & Mohamed, 2012).

Volatile fraction compounds

Fourteen compounds with olfactory activity that 
contributes to aroma in cocoa were identified 
(Table 2). The most representative compounds of 
these were acetic acid, tetramethylpyrazine and 
2,3-butanediol, similar to those reported in cocoa 
liquors in different countries (Liu et al., 2017).

Moreover, other compounds that were identi-
fied in samples analyzed were observed in lower 
amounts, but have been previously reported as 
characteristic for cocoa (Aprotosoaie, Luca & 
Miron, 2016).

Furthermore, high percentage of relative area 
found for acetic acid that was generated by mi-
crobial activity during the fermentation process 
of the beans must be highlighted, since the su-
crose of the pulp was hydrolyzed to glucose and 
fructose by the action of invertases from yeasts; 
this in turn generates an increase in acetic acid 
concentrations (Chetschik, Kneubühl, Chatelain, 
Schlüter, Bernath & Hühn, 2017). 

Sensory attributes

Principal components analysis (PCA) results for 
sensory attributes explains more than 80 % of 
the total data variability. The first axis shows 
a relationship between sensory attributes with 
acceptance and rejection factors, and the second 
axis shows a relationship between sensory 
attributes and an unpleasant classification 
(Salty). By relating different sensory attributes 
with management practices, we found that 
pods collected in an immature state, generate 
a staining sensation in the mouth due to sugar 
content reduction. The green taste cataloged 
as a medium profile affects astringency level 
(Nazaruddin, Seng, Hassan & Said, 2006). 
Likewise, unfavorable sensorial attributes such 
as astringency, acidity and green were caused 
by incomplete processing practices (Vera, 
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Vallejo, Párraga, Morales, Macias & Ramos, 
2014). Nonetheless, when drying process in 
beans is interrupted, chemical processes will be 
affected; this in turn influences the high values 
of acidity and bitterness found during the tasting 
process (Aprotosoaie, Luca & Miron, 2016). 
However, specific flavors were also found in lower 
proportion (cocoa, fruit, floral) that altogether 
cataloged the product as medium level. 

Relationship among data sets

According to the co-inercia analysis only a 
significant covariance was found between volatile 
fraction compounds and bromatological analysis, 
secondary metabolites and total polyphenols 
variables (RV: .5, p-value: .001, Monte Carlo test) 
(Figure 4). In this sense, a relationship was found 
between pH and acetic acid content as a result of 
the fermentation process (Do Carmo Brito, Chisté, 
da Silva Pena, Gloria & Lopes, 2017). Likewise, 
a relationship between fat content and volatile 
compounds belonging to the functional group of 
terpenes (linalool and linalool oxide) were found, 
and were then characterized as floral (Afoakwa, 
Paterson, Fowler & Ryan, 2009). Concentration of 
less volatile compounds increased, in particular 
pyrazines, tri- and tetramethylpyrazine as well 
as furans (linalool oxide) suggesting structural 
and rheological effects as main chocolate flavor 
determinants (Afoakwa, Paterson, Fowler & Ryan, 
2008). On the other hand, antioxidant activity 
found in cocoa samples was high, results that 
agree with other studies (Albertini, Schoubben, 
Guarnaccia, Pinelli, Della Vecchia, Ricci & Blasi, 
2015), due to presence of phenolic compounds, 
especially catechins and epicatechins. Finally, 
special sensory attributes (fruity and floral) 
were found, possibly attributed to the presence 
of esters, which have notes of fresh-fruity odor, 
while the floral odor impression can be attributed 
to linalool and its oxides (Aprotosoaie, Luca & 
Miron, 2016), giving importance to the cocoa 
samples analyzed.

Conclusions

Postharvest practices carried out in cocoa farms 
of the northern region of the department of Huila 
influenced the quality of the product. In this 
sense, cocoa samples classified as acceptable 
were found with sensory attributes such as 
walnut, floral and fruity specific tastes, which 
were related to adequate levels of caffeine and 
theobromine. Likewise, a relationship was found 
between bromatological characteristics and 
volatile fraction compounds, specifically for pH 
and acetic acid content; furthermore, there was 
a relationship between fat content and volatile 
compounds from functional group of terpenes 

(linalool and linalool); these compounds are 
related to sensory attributes such as floral taste 
(specific).

Acknowledgements

The authors wish to thank to the associations of 
cocoa producers in the municipalities of Algeciras, 
Campoalegre and Rivera for their valuable 
collaboration. Many thanks also to Centro de 
Formación Agroindustrial “La Angostura” – SENA, 
Regional Huila and the SENNOVA program - 
SENA for financing this study.

References
Afoakwa, E. O., Paterson, A., Fowler, M., & Ryan, A. 

(2008). Flavor formation and character in cocoa and 
chocolate: A critical review. Crit Rev Food Sci, 48, 1–18. 
http://dx.doi.org/10.1080/10408390701719272

Afoakwa, E. O., Paterson, A., Fowler, M. & Ryan, A. 
(2009). Matrix effects on flavour volatiles release in 
dark chocolates varying in particle size distribution 
and fat content using GC–mass spectrometry and 
GC–olfactometry. Food Chem, 113(1), 208-215. 
https://doi.org/10.1016/j.foodchem.2008.07.088

Albertini, B., Schoubben, A., Guarnaccia, D., Pinelli, F., 
Della Vecchia, M., Ricci, M. & Blasi, P. (2015). Effect 
of fermentation and drying on cocoa polyphenols. 
J Agr Food Chem, 63(45), 9948-9953.  http://pubs.
acs.org/doi/abs/10.1021/acs.jafc.5b01062

Aprotosoaie, A. C., Luca, S. V., & Miron, A. (2016). 
Flavor chemistry of cocoa and cocoa products—
an overview. Compr Rev Food Sci F, 15(1), 73-91. 
https://doi.org/10.1111/1541-4337.12180

Caprioli, G., Fiorini, D., Maggi, F., Nicoletti, M., Ric-
ciutelli, M., Toniolo, C. & Sagratini, G. (2016). 
Nutritional composition, bioactive compounds 
and volatile profile of cocoa beans from different 
regions of Cameroon. Int J Food Sci Nutr, 67(4), 
422-430. http://dx.doi.org/10.3109/09637486.2
016.1170769.

Chetschik, I., Kneubu ̈hl, M., Chatelain, K., Schlüter, 
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