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Use of Gas Chromatography–Olfactometry in combination with 
Solid Phase Micro Extraction for cocoa liquor aroma analysis

Abstract: Aroma of cocoa liquor extracted by using Solid Phase Micro Extraction with polydimethylsyloxane–
divinylbenzene polymer was analyzed in Gas Chromatography-Olfactometry.  Headspace extraction of cocoa 
odour-active compounds for 30 min at temperature of 60°C followed by GC separation elaborated with column 
oven initial temperature at 60°C and ramped at  5°C/min to reach 220°C identified most of the odour-active 
compounds including wide range of alcohols, carboxylic acids, aldehydes, ketons, esters, pyrazines, and amines.  
Cocoa specific aroma attributed in terms of sweet, nutty, caramel and chocolate-like notes were associated 
with trimethylpyrazine, tetramethylpyrazine, 2,3-butanediol, dodecanoic acid, phenylethyl alcohol, ethanone, 
benzeneacetaldehyde and 1,4-bis(morpholinoacetyl)piperazine. Meanwhile defective cocoa aroma such as 
smoky and rancid were generated by benzeneacetaldehyde, alphaethylidene; trimethylpyrazine, and trans-2,3-
dimethyloxirane. 
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Introduction

Flavour is one of the most important properties 
of cocoa products and its precursors are developed 
during fermentation and drying of cocoa beans. Aroma 
precursors in cocoa beans, which include the free 
amino acids, peptides and reducing sugars, develop 
into cocoa specific aroma through Maillard reactions 
during roasting process (Barel et al., 1985; Granvogl 
et al., 2006). Through the Maillard reactions, all of 
the cocoa aroma precursors interact to produce cocoa 
flavor components, such as alcohols, ethers, furans, 
thiazoles, pyrones, acids, esters, aldehydes, imines, 
amines, oxazoles, pyrazines and pyrroles (Hoskin 
and Dimick,1994; Jinap et al., 1998; Puziah et al., 
1998).

Sensory evaluation method has been extensively 
used in cocoa flavour analysis (Luna et al., 2002; 
Jinap et al., 1995; Baker et al., 1994). According to 
ADM Cocoa (2005) sensory analysis is an applicable 
and reliable tool for cocoa flavor characterization in 
industrial uses. Sensory analysis examines overall 
flavour impression of the cocoa sample, although 
it could not determine a specific component that 
contributes to the perceived sense accordingly. 

Gas chromatography (GC) has been employed to 
improve consistency and sensibility of aroma analysis 
and to obtain specific components contributing to an 
aroma character.  Modification of GC conditions such 
as extraction method, column, separation condition 
and detector have been applied to improve the GC 
performance for aroma identification (Fraundorfer 

and Schieberle, 2008; Kratzer, et al., 2008; Krings 
et al., 2006; Ohashi, et al., 2006; and Perego et al., 
2004). GC-Mass Spectrophotometry (MS) detector 
has been developed to detect components with further 
interpretation (Afoakwa, 2008). By development of 
recent MS-library, GC-MS analysis gets more reliable 
to be applied for cocoa quality determination. 

Combination of GC and MS detector has been 
used widely in detection of varied vapour component 
(Choi, 2003; Goodner et al., 2000, Weenen et al., 
1996). However, their combination with olfactory 
instrument as well as with aroma extraction method 
for cocoa aroma detection is still limited, Misnawi 
et al. (2009) developed  combination of GC-MS and 
SPME for pyrazines analysis in cocoa liquor.

Extraction method of volatile compounds  
contributes to the validity of flavor analysis by using 
GC. The conventional extraction method is by using 
solvent extraction (Fraundorfer and Schieberle, 
2008; Fraundorfer and Schieberle, 2006; Didzbalis 
et al., 2004), however headspace extraction may 
improve volatile component selection (Counet et 
al., 2004; Bucking and Steinhart, 2002). SPME 
is a method developed to elaborate entrapment of 
volatile compounds presence in the atmosphere 
around materials (Akiyama, et al., 2005; Vazques-
Landaverde et al., 2005, Bonvehi & Coll,1998). 
Fibers used in SPME have different ability to trap 
certain components, based on their polarity (Shirey 
and Sidisky, 1999). 

This research aimed to study the use of GC-
MS combined with olfactory instrument in cocoa 
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liquor aroma analysis in combination of SPME 
Polydimethylsyloxane–Divinylbenzene (PDMS-
DVB) polymer. The compounds that contribute to 
cocoa-recognized odour were investigated as well 
those that contribute to cocoa defect odour.

Materials and Methods

Extraction of cocoa liquor aroma and GC-MS 
condition

Cocoa beans used in this study were fermented 
bulk cocoa beans from three different production 
areas of Indonesia and further labeled as Cocoa 
Bean 1, 2 and 3 respectively. Cocoa beans were 
deshelled and roasted at temperature of 140oC for 
45 min. Roasted beans then were ground to obtain 
cocoa liquor and subsequently poured into capped 
glass vial. SPME fiber used in this study was made 
of Polydimethylsyloxane–Divinylbenzene (PDMS-
DVB) polymer (Supelco, USA). The extraction was 
held for 30 min at temperature of 60°C.

Separation and detection of cocoa liquor odour 
compounds were conducted by using GC system 
consisted of Agilent 7890A equipped with Mass 
Spectrometer Detector (MS Agilent 5975 C Triple 
Axis, USA). GC operation was obtained from several 
preliminary experiments which recommended the 
condition of splitless injection at 260°C, column oven 
at initial temperature of 60°C and ramped at 5°C/min 
to reach 220°C then hold for 5 minutes and carrier 
gas of helium flowed at 1 ml/min. Nitroterphthalic 
acid modified polyethylene glycol column with ID of 
0.25 mm, length of 30 m and film thickness of 0.25 
µm (J&W Scientific DB-FFAP) was used for the 
separation. 

Odour identification by using Olfactometry
Odour identification was conducted by two 

panelists of Indonesian Coffee and Cocoa Research 
Institute (ICCRI) with at more than two years 
experience. Selection of the panelists was based on 
their sensitivity in distinguishing individual basic 
tastes including sweet, salty, sour, bitter, and alkali, 
followed by combination of the two or three basic 
tastes. Succeeded panelist continued to training on 
cocoa aroma and taste terminology prior to cocoa 
aroma analysis. 

The two trained panelists sniffed the outflowing 
gas from Olfactometry Detection Port (ODP) of 
the GC apparatus. The Sniffing was carried out 
simultaneously during the GC analysis. Panelists 
described their perception of the sniffed odour and 
scored their intensity with 3, 5, and 7 representing 
weak, moderate and strong, respectively.

Results and Discussion

Detection and identification in GC-MS
Complete separation of cocoa aroma (Figure 

1) was obtained during running time for total 36 
minutes, while shorter running time resulted in less 
peaks. Identification by using GC-MS library showed 
that the major peaks were acetic acid, tetramethyl 
pyrazine, 3-methyl pentanoic acid and 2,3-dimethyl 
oxirane exposed at retention time (RT) of 17.54, 
18.26, 22.52 and 25.99 min, respectively. Other 
volatile compound such as dodecanoic acid (RT 
26.12 min), benzeneacetaldehyde (RT 28.59 min) 
and 1,4-bis(morpholinoacetyl)piperazine (RT 32.70 
min) were detected in small peak areas. 

There are nine compounds that consistently 
appeared in all samples including acetic acid, 
tetramethylpyrazine, phenyl ethyl alcohol, 
2-phenylethyl ester acetic acid, propanol methoxy-
acetate, trimethylpyrazine, benzaldehyde and 
1-(H-pyrrol-2-yl)-ethanone. Those compounds are 
suggested as key compounds of cocoa aroma as they 
persist in further cocoa bean processing (Counet et 
al., 2002). Two of those compounds i.e. acetic acid 
and pyrazine have been investigated to affect overall 
cocoa taste and aroma. Study by Krings et al. (2006) 
showed that acetic acid and pyrazine were found in 
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Figure 1. 	 Gas chromatography separation of cocoa volatile compounds 
originated from three different cocoa liquors extracted by using solid 

phase micro extraction
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cocoa powder where acetic acid brought significant 
aroma. 

Acetic acid is a product of microbiological 
activity during fermentation, where the concentration 
is increasing as the day of fermentation. Acetic acid 
concentrates in bean more than 20 times higher after 
fermentation (Ardhana and Fleet, 2003). Jinap et al. 
(1995) reported that acetic acid in cocoa bean ranged 
from 0.38 to 0.92% and affects noticeable acid taste 
in final product. Ghanaian cocoa bean that renowned 
as high quality cocoa bean has lower in acid taste.

Tetramethyl pyrazine and other pyrazines 
mainly appeared during Maillard reaction, involving 
sugar and protein under heat treatment (Ferretti 
and Flanagan, 1971). Pyrazines are also formed in 
fermentation of cocoa bean (Jinap et al., 1994) and  
contribute to a pleasant aroma of chocolate. Pyrazines 
are ultimate components in cocoa flavour (Bonvehi 
and Coll, 2002; Barel et al., 1985; Chaveron et al., 
1989; Hashim and Chaveron, 1994; Maga, 1992).

Successful pyrazine extraction by SPME also 
supported research by Pini et al. (1994) suggested that 
Head Space SPME is an appropriate tool for pyrazine 
analysis, comparable to other method employing 
solvent and distillation. In addition, SPME extraction 
that requires lower temperature could prevent 
further pyrazine formation through heating during 
distillation. 

Compounds such as 3,7-dimethyl-1,6-Octadien-
3-ol, 2,3-dimethyl-oxirane, ethyl ester benzeneacetic 
acid, alpha ethylidene benzeneacetaldehyde and 
n-hexadecanoic acid were found occasionally in 
two of three cocoa bean samples. 3,7-dimethyl-1,6-
Octadien-3-ol (linalool), ethyl ester benzeneacetic 
acid and alpha ethylidene benzeneacetaldehyde 
which contribute to pleasant aroma are already exist 
in unroasted cocoa bean (Fraundorfer and Schieberle, 
2008).

On the other hand, there are compounds found 
in particular cocoa bean sampel. Compounds of 
1,4-Bis(morpholinoacetyl)piperazine, Dodecanoic 
acid, ethyl ester, Pentanoic acid, 3-methyl-, 2,3-
Butanediol, and 2,3-Butanedioldiacetate detected 
particularly in Cocoa Bean 1, while Cocoa Bean 2 
had compounds of Cyclobutanol, Octanoic acid, ethyl 
ester, 2,3-Dimethyl-5-ethylpyrazine, 2,3,5-Trimethyl-
6-ethylpyrazine, Propanoic acid, 2-methyl-, 7H-
Pyrrolo[2,3-d]pyrimidin-4-amine, Decanoic acid, 
ethyl ester, Hydrazine, 1,1-dimethyl-, n-Propyl 
benzoate, Octanoic Acid and 5-Methyl-2-phenyl-2-
hexenal. Cocoa Bean 3 also had compounds consisted 
of 1,2-Propanediamine, Propane, 2-(ethenyloxy)-, 
Cyclobutanone, 2-ethyl-, 2-Butanone, 3-hydroxy-, 
2-Heptanol, 2-Nonanone, 2-Nonanol and 3-methyl-

Butanoic acid. The discovery of specific compounds 
which differs one bean sample to another, indicated 
the adequacy of SPME extraction for identification 
of cocoa aroma.

Sensory atributes identification
Cocoa aroma is complex compounds produced 

from its precursors and developed during roasting. 
Aroma precursors in cocoa bean, which include 
the free amino acids, peptides and reducing sugars, 
develop into cocoa specific aroma through Maillard 
reactions during roasting (Barel et al., 1985; 
Frauendorfer and Schieberle, 2006). These precursors 
are known to be produced through proteolysis of 
protein and hydrolysis of sucrose in cocoa bean 
during fermentation (Ziegleder and Biehl, 1988; 
Rohan and Stewart, 1966; Rohan, 1963).  Proteolysis 
gives rise to amino acids and oligopeptides (Biehl 
et al., 1982a, 1982b) which depends on death of 
bean, pH and temperature raised (Biehl et al., 1993).  
The process of roasting understandably deserves 
considerable attentions (Hoskin and Dimick, 1994). 
The Maillard or non-enzymatic browning reactions is 
a very important process for the development of cocoa 
flavor, which occurs primarily during the roasting 
process (Maga, 1992; Bonvehi and Coll, 2002).  

Results of the identification showed that cocoa 
aroma is mixture of varied odourants. Not all 
odourant produced specific smell, some of them 
were even odourless. Corresponding odourants with 
the cocoa volatile compounds identification (Table 
1) showed that various compounds perform similar 
odourants as well certain compound could produce 
various odourants. For instance, we found that the 
term of sweet was presented by pyrazines, butanediol 
and ethyl ester compounds, meanwhile nutty odour 
presented in pyrazines, benzeneacetaldeyde and 
ethanone compounds. In contrast, certain compounds 
were also produced two odours at the same time i,e. 
trimethylpyrazine was perceived as either sweet or 
nutty. However, an odourant typically corresponds 
to other odourants. Sweet odour often comes with 
caramel-like, nutty and creamy or in exceptional term 
it comes with rancid as produced by the 3-methyl-
pentanoic acid. 

Frauendorfer and Schieberle (2006) identified 
35 most active compounds from cocoa powder 
extract. Data presented in Table 2 shows that 36 
compounds were detected in fermented cocoa 
liquor volatile compounds. They are representing 
alcohols, carboxylic acids, aldehydes, ketons, esters, 
pyrazines, amines and other volatile compounds. 
They were most volatile compounds associated in 
fermented cocoa aroma. The analysis covers main 
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chocolate aroma compounds suggested by Jinap et al. 
(1998) including pyrazine, carbonyl, ester, alcohol, 
hydrocarbon and phenol. 

In a series of intensive studies, Voigt et al. (1994) 
have successfully generated cocoa aroma in-vitro 
from its precursors in the presence of cocoa butter, 
although the real chocolate flavor remained obscured. 
The result also implies that cocoa bean aroma is 
characterized by presence of sweet, caramel-like, nutty 
and bean-like odour. This study revealed that those 
odours are expressed by pyrazines, ethyl ester and 
alcoholic compounds, particularly trimethylpyrazine, 
tetramethylpyrazine, 2,3-butanediol, dodecanoic acid, 
phenylethyl alcohol, ethanone, benzeneacetaldehyde 

and 1,4-bis(morpholinoacetyl)piperazine. 
Corresponding odour identification showed that 

related cocoa specific odour in terms of caramel-
like, roasted cocoa, chocolate and smoky was 
detected in all samples. Caramel-like was associated 
with phenylethyl alcohol; benzaldehyde; 1-(1H-
pyrrol-2-yl)ethanone;1,4-bis(morpholinoacetyl)
piperazine;7H-pyrrolo[2,3-d]pyrimidin-4-amine 
and 2-(ethenyloxy)-propane. Roasted cocoa note 
was associated with cyclobutanol; 5-Methyl-2-
phenyl-2-hexenal; acetic acid, 2-phenylethyl ester; 
2,3-dimethyl-5-ethylpyrazine and 1,1-dimethyl-
hydrazine. Chocolate note was associated with 
octanoic acid and  tetramethylpyrazine. Fruity notes 

Table 1.	 Cocoa volatile compounds detected and identified in GC-MS resulted from solid phase 
micro extraction

Cocoa Bean 1 Cocoa Bean 2 Cocoa Bean 3

RT Area % Components RT Area % Components RT Area % Components

7.74 4.6255 Cyclobutanol 7.06 6.6079 1,2-Propanediamine

8.22 unknown 7.7 20.061 Propane, 
2-(ethenyloxy)-

9.49 unknown 10.27 2.767 1-Butanol, 3-methyl-, 
acetate

10.29 3.9134 1-Butanol, 3-methyl-, 
acetate 10.27 3.0639 1-Butanol, 3-methyl-, 

acetate 11.71 3.5234 Cyclobutanone, 2-ethyl-

10.65 unknown 13.32 unknown 13.96 1.2923 2-Butanone, 3-hydroxy-

16.65 2.3446 Pyrazine, trimethyl- 16.63 2.0672 Pyrazine, trimethyl- 14.14 2.6213 2-Heptanol

16.89 unknown 17.02 1.4191 Octanoic acid, ethyl 
ester 16.12 2.5966 2-Nonanone

17.39 unknown 17.54 32.8967 Acetic acid 16.63 1.617 Pyrazine, trimethyl-

17.54 35.6461 Acetic acid 17.95 1.4591 2,3-Dimethyl-5-
ethylpyrazine 17.54 32.5032 Acetic acid

18.26 21.7023 Pyrazine, tetramethyl- 18.24 9.088 Pyrazine, tetramethyl- 18.24 5.1245 Pyrazine, tetramethyl-

18.61 unknown 19.06 1.3422 2,3,5-Trimethyl-6-
ethylpyrazine 18.83 1.0741 2-Nonanol

18.96 unknown 19.51 1.7345 1,6-Octadien-3-ol, 3,7-
dimethyl- 19.51 0.9721 1,6-Octadien-3-ol, 3,7-

dimethyl-
19.14 1.1668 2,3-

Butanedioldiacetate 19.76 1.8494 Benzaldehyde 19.76 0.9374 Benzaldehyde

19.59 1.6399 2,3-Butanediol 20.01 1.6761 Propanol, methoxy-, 
acetate 20.01 2.2024 Propanol, methoxy-, 

acetate
19.78 1.2361 Benzaldehyde 20.21 4.4555 Propanoic acid, 

2-methyl- 20.27 4.7529 Oxirane, 2,3-dimethyl-, 
trans-

20.01 3.5215 Propanol, methoxy-, 
acetate 20.6 1.0655 7H-Pyrrolo[2,3-d]

pyrimidin-4-amine 22.52 2.1938 Butanoic acid, 
3-methyl-

20.27 6.9748 Oxirane, 2,3-
dimethyl-, trans- 21.69 0.6903 Decanoic acid, ethyl 

ester 25.31 0.5333 Benzeneacetic acid, 
ethyl ester

22.52 8.1037 Pentanoic acid, 
3-methyl- 22.5 7.734 Hydrazine, 1,1-

dimethyl- 25.99 2.9526 Acetic acid, 
2-phenylethyl ester

25.99 3.9217 Acetic acid, 
2-phenylethyl ester 22.6 unknown 27.99 3.4658 Phenylethyl Alcohol

26.12 0.3484 Dodecanoic acid, ethyl 
ester 25.29 1.1633 Benzeneacetic acid, 

ethyl ester 29.29 0.6264 Ethanone, 1-(1H-pyrrol-
2-yl)-

27.99 3.1267 Phenylethyl Alcohol 25.97 3.8683 Acetic acid, 
2-phenylethyl ester 32.12 1.575 n-Hexadecanoic acid

 28.59 0.7474 Benzeneacetaldehyde, 
.alpha.-ethylidene- 26.43 1.0822 n-Propyl benzoate

 29.31 2.5007 Ethanone, 1-(1H-
pyrrol-2-yl)- 27.97 3.97 Phenylethyl Alcohol

 32.7 0.468
1,4-
Bis(morpholinoacetyl)
piperazine

28.56 2.3611 Benzeneacetaldehyde, 
.alpha.-ethylidene-

29.29 0.9754 Ethanone, 1-(1H-pyrrol-
2-yl)-

30.48 1.4964 Octanoic Acid

31.2 1.0168 5-Methyl-2-phenyl-2-
hexenal

31.7 unknown

32.12 1.4873 n-Hexadecanoic acid

35.54 unknown
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in cocoa bean which typically perceived as lemon-
like were brought by 1-butanol-3-methylacetate.

Taints or defective attribute of cocoa and cocoa 
products include smoky, sour and rancid odour. 
Smoky odour was obtained to be associated with 
benzeneacetaldehyde, alphaethylidene; trimethyl 
pyrazine, and 2,3-dimethyl-transoxirane. This odour 
was generated during drying and storage (Bohvehi 
and Coll, 1998). Meanwhile, rancid odour as product 
of fat oxidation was expressed by alkyl-pentanoic 
acid.

Pyrazine (1,4 diazines) are heterocyclic nitrogen-
containing compounds that contribute to the unique 
aroma and cocoa flavor.  A large number of pyrazines 
have been identified in cocoa and are considered 
extremely important for cocoa flavor (Bonvehi 
and Coll, 2002; Barel et al., 1985; Chaveron et al., 
1989; Hashim and Chaveron, 1994; Maga, 1992).  
Approximately 95 pyrazines have been identified in 
cocoa aroma and their concentrations varied depending 
on time and temperature of thermal treatment (Jinap 

et al., 1998; Hashim and Chaveron, 1994). Bonvehi 
and Coll (2002) identified eight pyrazine compounds 
significantly presence in roasted fermented cocoa 
beans, namely Pyrazine, 2-Methylpyrazine; 
2,5-Dimethylpyrazine;2,6-Dimethylpyrazine; 
2-Ethylpyrazine;2,3-Dimethylpyrazine;2,3,5-
Trimethylpyrazine and 2,3,5,6-tetramethyl-pyrazine. 
Their sensory attributes were varied from pungent, 
sweet, nutty, chocolate, cocoa, roasted nuts, green, 
peanut butter, musty, caramel and coffee. This study 
presented sensory attributes for pyrazines as sweet, 
nutty, bean-like, bean-like, chocolate, rancid, roasted 
chocolate, caramel-like and smoky.

Various research groups have reported the 
thermal processing i.e. cocoa bean roasting is a 
vital step for the formation of pyrazines and other 
volatile compounds via the Maillard reactions. The 
reactions are involving amino acids and reducing 
sugars (Hofmann and Schieberle, 2000; Hofmann et 
al., 2000; Hofmann, 1998; Davies et al., 1997). By 
using a model system, it was found reaction between 

Table 2. Identified odour of cocoa volatile compounds obtained from SPME 
extraction and GC separation

Volatile compounds Coresponding odour Volatile compounds Coresponding odour

Alcohol Ester

2,3-Butanediol sweet, creamy 1-Butanol, 3-methyl-, acetate lemon-like, flowery, sweet, fruity

Phenylethyl Alcohol
caramel-like, alcohol-like, 
sweet Acetic acid, 2-phenylethyl ester cereal-like, roasted cocoa

Cyclobutanol roasted cocoa Propanol, methoxy-, acetate flowery, green

2-Nonanol no smell Benzeneacetic acid, ethyl ester nutty, bean-like

2-Heptanol no smell Decanoic acid, ethyl ester nutty

1,6-Octadien-3-ol, 3,7-dimethyl- bean-like Dodecanoic acid, ethyl ester sweet, creamy

Propanol, methoxy-, acetate no smell

Carboxylic acid Octanoic acid, ethyl ester alcohol-like

Acetic acid sour, nutty

Pentanoic acid, 3-methyl- sweet, rancid Pyrazines

Octanoic Acid sweet, chocolate-like Pyrazine, trimethyl- sweet,nutty, bean-like, smoky

n-Hexadecanoic acid no smell Pyrazine, tetramethyl- bean-like, chocolate, rancid

Butanoic acid, 3-methyl- sour 2,3-Dimethyl-5-ethylpyrazine roasted cocoa

2,3,5-Trimethyl-6-ethylpyrazine no smell

Aldehyde

Benzaldehyde bean-like Amines

Benzeneacetaldehyde, alpha.-ethylidene- caramel-like, smooky, nutty 1,4-Bis(morpholinoacetyl)piperazine caramel-like, sweet

5-Methyl-2-phenyl-2-hexenal roasted cocoa 7H-Pyrrolo[2,3-d]pyrimidin-4-amine caramel-like

1,2-Propanediamine citrus-like

Keton

Ethanone, 1-(1H-pyrrol-2-yl)-
sweet, caramel-like, honey-
like, nutty Other volatiles

Cyclobutanone, 2-ethyl- no smell Oxirane, 2,3-dimethyl-, trans- smoky

2-Butanone, 3-hydroxy- no smell Propane, 2-(ethenyloxy)- caramel-like

2-Nonanone no smell Hydrazine, 1,1-dimethyl- roasted cocoa
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ammonia and reducing sugar under heat treatment 
was able to produce pyrazine compounds (Maga, 
1992; Rizzi, 1972, 1988; Weenen et al., 1994).  It has 
also been demonstrated that time, temperature, pH, 
reactant concentration and water activity are important 
variables in determining the nature and quantity 
of the products from the reactions (Shibamoto and 
Bernhard, 1977). These results inferred that extraction 
of cocoa volatile compounds by using SPME with 
Polydimethylsyloxane–Divinylbenzene (PDMS-
DVB) polymer, followed by GC-MS separation and 
identification covered most odour-active compound 
in cocoa liquor. 

Conclusion

Gas Chromatography-Olfactometry in 
combination with Solid Phase Micro Extraction 
usingpolydimethylsyloxane–divinylbenzene 
polymer was able to identify most of the odour-
active compounds from cocoa liquor. The identified 
cocoa odourants were originated from wide range 
of alcohols, carboxylic acids, aldehydes, ketons, 
esters, pyrazines, and amines. These compounds 
were generating cocoa aroma attributed in terms of 
sweet, nutty, caramel and chocolate-like notes as well 
as defective cocoa aroma such as smoky and rancid.
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