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Abstract. Indonesia as the world third largest cacao producer is also well known for its fine 

cacao from Trinitario group.  Fine cacao breeding will support the sustainability of Indonesian 

specialty cocoa products. However, information on the distinction between metabolite profile of 

Indonesian fine and bulk cacao are still limited. The objective of this study was to compare the 

metabolite profile of Indonesian fine and bulk cacaos using Gas Chromatography-Mass 

Spectrometry (GC-MS) method with methanol-formic acid-water extraction.  Four Indonesian 

fine cacaos (i.e. DR 2, DRC 16, PNT 16, PNT 17) and bulk cacaos (i.e. MCC 02, KW 516, KW 

617, SUL 01) were used.  Measurements were conducted on untargeted metabolite profile, 

theobromine (T), caffeine (C), T/C and total fat content.  Forty-nine peaks were detected and 23 

putative metabolites with high reliability were identified. Principal component analysis separated 

fine and bulk cacaos into two different groups.  Hierarchical cluster analysis showed fine cacaos 

contained higher caffeine while bulk cacaos contained higher fatty acids (palmitic acid, stearic 

acid and oleic acid) content than the opposite.  However only fatty acids, which represented in 

total fat content, showed stable result under targeted analysis. Therefore, these metabolites could 

be further analysed as biomarker for fine cacao selection. 

1. Introduction 

Cacao (Theobroma cacao L.) is one of valuable Indonesian estate crops.  As the third largest cacao 

producer in the world [1] and the third top estate crops in Indonesia [2], cacao breeding program become 

an important issue. Information on genetic background is crucial in this program.  There are three main 

cacao population in the world namely Criollo, Forastero and Trinitario [3].  Trinitario is a hybrid product 

of Criollo and Forastero.  Based on their quality, Criollo or Trinitario genotypes generally produced the 

high-quality fine cacao while Forastero clones usually produce bulk cacao with some exception [4].  

Fine cacaos contribute higher price than bulk cacaos because of its specialty and Indonesia is well-

known for its “Java A” fine-flavour cacao since 1900s.   

 Indonesian cacao breeding was started in 1912 by CJJ van Hall at Djati Roenggo, Central Java.  

The main purpose of that program was to select high yielding, cacao stem borer resistant and white bean 

cacao [5]. Indonesian fine cacaos were Trinitarios, selected from hybrid of “Java Criollo” which 

originated from Venezuela and unknown parent [6].  Some commonly used clones until now are DR 1, 

DR 2, DR 38 and DRC 16. 
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 Fine cacaos produced lower yield, less disease resistant and less vigorous than fine cacaos [7] 

thereby despite its higher price, plantation area of fine cacao in Indonesia is decreasing because of some 

limitations, especially the pest and disease problem [6].  Interdisciplinary crop improvement strategies 

will be able to identify traits leading to plant varieties that use fewer inputs, less land and less energy, 

thereby resulting in a more sustainable agricultural landscape [8].Therefore, effort on developing 

tolerant fine cacao was conducted by Indonesian Coffee and Cocoa Research Institute (ICCRI) as the 

new era of fine cacao breeding [9].  The program will support the sustainability of Indonesian Java fine-

flavour cacao as the national heritage. 

 Specialty products such as fine cacao is linked to their quality.  The quality is often associated 

with metabolite characteristics of the crop.  However, information on metabolite profile for the 

distinction of Indonesian fine and bulk cacao are still limited.  This information could be assigned by 

metabolomics, a relatively new emerging technology.  Metabolomics is considered as the connector 

between genotype and phenotype because metabolites are the final product from a cellular regulation 

process.  It is also considered as basic respond of biological system to environment and genetic changes 

[10].  Therefore, metabolomics is assumed will be able to describe the phenotype of the observed 

character.  

 To date, untargeted cacao metabolomics analysis performed on several issues such as detection 

of primary and secondary metabolism on polyphenol accumulation and respond to stress [11] and 

metabolite changes identification during fermentation [12].  However, none of them specifically 

differentiate fine and bulk cacaos.  The information on those metabolites will be the basic of genetic 

diversity analysis as a crucial factor in breeding program.  This study reported the difference of 

Indonesian fine and bulk cacao by Gas Chromatography-Mass Spectrometry.  The quantitative analysis 

of identified metabolites was also investigated to validate the GC-MS result.   

2. Materials and Methods 

2.1. Genetic Materials 

Eight Indonesian cacaos were used in this experiment.  Those are four fine cacaos (DR 2, DRC 16, PNT 

16, PNT 17) and four bulk cacaos (SUL 01, MCC 02, KW 617, KW 516) with three biological 

replications.  Harvesting time conducted at mature stage.  These clones were the collection of Indonesian 

Coffee and Cocoa Research Institute (ICCRI), Jember, East Java, Indonesia.  

2.2. Chemicals 

Methanol, formic acid, petroleum ether, acetone, acetonitrile and hexane were purchased from Merck 

KGaA (Darmstadt, Germany).  Standard of theobromine and caffeine were from Sigma-Aldrich (St. 

Louis, USA). 

2.3. GC-MS 

2.3.1. Extraction. 

Cacao seeds were de-pulping, quenched in liquid nitrogen and kept in -80 oC for further use. Extraction 

referred to [11] with modification. Seeds were grinded using mortar and pestle with liquid nitrogen. 

Fifty to one hundred mg powder was used. Extraction solution consisted of 750 uL 

methanol:water:formic acid (70:28:2).  Powder were diluted in 1.5 mL microtube extraction solution, 

vortexed, incubated 30 min on ice, vortexed every 6 min and centrifugated 10 min in 14.000 rpm.  

Supernatant were placed in a new microtube.  This process was repeated once and the new supernatant 

were collected with the first one.  This mixture was dried in a fume hood for 2 h, in a vacuum pump for 

2 h and overnight lyophilization in a freeze drier.  

2.3.2. GC-MS Analysis. 

The dried methanol phases were re-dissolved in 500 µl methanol, sonicated for 10 min, vortexed and 

centrifugated 1 min in 14.000 rpm [11].  Supernatant were used for GC-MS analysis.  Gas 

chromatography Mass Spectrometry (GC-MS) analysis was performed on Agilent 7890 Gas 



6th International Conference on Sustainable Agriculture, Food and Energy

IOP Conf. Series: Earth and Environmental Science 347 (2019) 012071

IOP Publishing

doi:10.1088/1755-1315/347/1/012071

3

 
 
 
 
 
 

Chromatograph with autosampler and coupled to Agilent 5975 mass selective detector (Agilent 

Technologies) with Agilent HP Ultra 2 capillary column (30 m length, 0.20 mm diameter, 0.11 µm film) 

and operating in EI mode at 70 eV.  Five microlitres sample was injected in split mode 8:1 (v/v). 

Injection temperature was 250 oC, carrier gas flow (He) was held at constant flow 1.2 mL/min. The 

initial oven temperature was 80 oC hold for 0 min, ramped at 3 oC/min to 150 oC hold for 1 min and 

finally ramped 20 oC/min to 280 oC hold for 26 min.  

2.4. Theobromine and Caffeine Content 

Cacao seeds were milled (IKA) to obtain cocoa liquor.  Three grams of cocoa liquor was defatted with 

petroleum ether (60-80 oC) in a Soxhlet for 4 h.  The cocoa powder was air-dried and stored in -20 oC 

[13].  Before injected, 1 g defatted cocoa powder was extracted with 80 mL mixture of aceton:water 

(80:20), sonicated, centrifugated and supernatant was kept for further use. This extraction was conducted 

twice [14].  Supernatant was filtered using PVDF before injected to LC-MS.   

 Determination of theobromine and caffeine concentration determined using LC-MS 2020 

(Shimadzu)[15].  Five microlitres samples were injected on Waters C-18 column, temperature 40 oC.  A 

mobile phase of water/acetonitrile (85:15, v/v) at a flow rate of 0.8 mL min−1 and UV detection at 254 

nm were applied.  Total run time 5 min.  Quantification was performed by external calibration with 

standard solutions of theobromine (50, 100, 120, 150, 200 and 250 ppm) and caffeine (20, 40, 80, 120 

and 160 ppm). 

2.5. Total Fat Content 

Analysis of total fat content conducted with SNI 01-2891-1992 method[16].  Two grams of samples 

were grounded, dried and placed in the thimble. Thimble placed in the soxhlet extractor and extracted 

for 6 hours with 150 mL of hexane.  The extracted fat dried in an oven (105 oC) for 1 hour.  The 

resultingresidue, or crude fat, is determined by weight after drying. 

2.6. Data Analysis 

2.6.1. GC-MS.  

Metabolite identification was analyzed using MS-Chemstation G1701-DA with WILEY spectral 

libraries. Data analysis were conducted by Principal Component Analysis (PCA) and Hierarchical 

Clustering Analysis (HCA) using R Studio ver. 1.1.442 [17].  The HCA analysis was based on Euclidean 

distances with Ward clustering algorithm. Data were transformed to log base 2 prior to analysis. 

2.6.2. Theobromine, Caffeine and Total Fat Content.  

Analysis were conducted using analysis of variance and post-hoc test by Duncan’s multiple range test 

[18] using SAS ver. 9.4. 

3. Result and Discussion 

3.1. Identification of metabolites 

Total of 49 peaks were identified in GC-MS metabolite analysis but only 23 putative metabolites (table 

1) were further analysed because of their high-quality chromatogram.  The identified metabolites are 

mostly fatty acid (palmitic acid, stearic acid, oleic acid, margaric acid, cis-vaccenic acid, elaidic acid) 

and alkaloid (theobromine, caffeine, paraxanthine and xanthine).  Reference [19] mentioned that cacao 

powder contained high level of fatty acid.  Palmitic acid, stearic acid, oleic acid were the most important 

fatty acids in unroasted cocoa beans [20].  Meanwhile major alkaloids found in cacao seeds (cotyledons 

and embryonic axis), was theobromine and caffeine [21]. 
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Table 1. List of metabolites assigned in cacao methanol-formic acid-water extract by GC-MS. 

Code Name Formula Class 

C01 13-Methyloxacyclo tetradecane-2,11-dione  C14H24O3 Ester amide 

C02 Margaric acid C17H32O2 Unsaturated fatty acid 

C03 Butylated hydroxytoluene C15H24O Phenol 

C04 Caffeine C8H10N4O2 Alkaloid 

C05 cis-Vaccenic acid C18H34O2 Unsaturated fatty acid 

C06 Cytidine C9H13N3O5 Glycosylamines 

C07 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-

pyran-4-one (DDMP) 

C14H24O3 Flavonoid 

C08 Elaidic acid  C18H34O2 Unsaturated fatty acid 

C09 Gibberellic acid C19H22O6 Pentacyclic diterpene 

C10 Hexamethylcyclotrisiloxane C6H1803Si3 Organosilicon 

C11 Hydroxymethylfurfural C6H6O3 Aldehydes (furans) 

C12 Melamine C3H6N6 Amines 

C13 Methylbutylpropylamine C8H19N Amines 

C14 N-Ethylformamide C3H7NO Formamides 

C15 Stearic acid CH3(CH2)16 COOH Saturated fatty acid 

C16 Octane-1-D, 4-(methyl-D) C9H20 Organophosporous 

compound 

C17 (9Z)-9-Octadecenal C18H34O Fatty aldehydes 

C18 Oleic acid C18H34O2 Unsaturated fatty acid 

C19 O-Propan-2-yl ethyl sulfanylmethanethioate C6H12OS2 - 

C20 Palmitic acid C16H32O2 Saturated fatty acid 

C21 Paraxanthine  C7H8N4O2 Alkaloid 

C22 Xanthine C5H4N4O2 Alkaloid 

C23 Theobromine C7H8N4O2 Alkaloid 

 

3.2. Principal Component Analysis and Hierarchical Cluster Analysis 

Principal Component Analysis (PCA) plot explained 82.8% of total variance where PC 1 contributed 

67.3% and PC 2 contributed 15.5% (Figure 1).  Fine cacaos (DR 2, DRC 16, PNT 16, PNT 17) were 

separated from bulk cacaos (KW 516, KW 617, MCC 02, SUL 01) based on metabolite percentage peak 

area of the GC-MS chromatogram.   

Metabolite marker for cacao types were further analysed in hierarchical clustering analysis (HCA) 

showed in heat map graphic (Figure 2).  Cacao clones were divided into two distinct cluster based on 

Euclidian distance.  The first cluster consisted of fine cacaos (DR 2, DRC 16, PNT 16, PNT 17) and the 

second consisted of bulk cacaos (KW 516, KW 617, MCC 02, SUL 01).   This grouping strengthened 

the PCA result. 

Metabolites were separated into two clusters.  Cluster 1 consisted of theobromine, caffeine and 

palmitic acid which were found in both bulk and fine cacaos meanwhile the second consisted of the rest 

of the metabolites (Figure 2).  These metabolites showed different correlation with certain clones.  

Metabolites found mostly in bulk cacaos are fatty acids (8-heptadecenoic acid, stearic acid, oleic acid), 

butylated hydroxytoluene, gibberellic acid and hydroxymethylfurfural), while cytidine was mostly 

found in fine cacaos.  In this experiment, only saturated fatty acid (palmitic acid) was detected in fine 

cacaos.  In Criollo cacao, which was a fine cacao type, saturated fatty acids performed higher value than 

the unsaturated, with palmitic and stearic acids as the main fractions [22].  Characterization of bulk 

cacao bean from 12 region of South Sulawesi, Indonesia showed their dominant fatty acids were stearic 

acid, oleic acid and palmitic acid [23]. 
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Figure 1. Distribution of 23 metabolites and eight cacao clones in principal component analysis bi-

plot showed the correlation between specific metabolites and cacao types. PC1, 67.3% explained 

variance. PC2, 15.5% explained variance. 

 

 

 

 

 

Figure 2. Several metabolites were able to differentiate bulk and fine cacao based on hierarchical 

cluster analysis using Euclidian distance (C04= caffeine, C15= stearic acid, C18= oleic acid, C20= 

palmitic acid, other codes were in Table 1) 

 

 Metabolites that could be used as marker should be ableto perform  distinct trend on different 

cacao types.  Therefore, only four putative metabolites were recommended as metabolite marker.  

Candidates for fine cacao metabolite marker was caffeine meanwhile fatty acid (palmitic acid, oleic acid 

F I N E  BULK 
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and stearic acid) were the candidate for bulk cacao metabolite marker.  However, these metabolites need 

further analysis in targeted metabolomics. 

3.3. Theobromine, Caffeine and Total Fat Content  

Metabolite marker candidates from GC-MS analysis were analysed to validate their correlation with 

cacao types.  In general, result of the GC-MS analysis was in accordance with targeted metabolite 

analysis.  Boxplot of caffeine content and theobromine/caffeine value showed no significant differences 

between fine and bulk cacaos (figure 3a, 3d).   Fine cacaos contained higher theobromine content than 

bulk cacaos (figure 3b).  Fine cacaos caffeine contents and theobromine/caffeine value were more 

variable than bulk cacaos. Opposite trend showed by theobromine content where fine cacaos performed 

smaller variability than bulk cacaos.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Boxplots showing different respond of fine and bulk cacao in their (a) caffeine, (b) theobro-

mine, (c) theobromine/caffeine, (d) total fat content. 

 

Boxplot of total fat content showed significant difference between fine and bulk cacaos where 

bulk cacaos contained higher total fat than fine cacaos (Figure 3c). This result is similar to [24] where 

Amazonian region cacaos contained higher fat levels than Trinitario-Criollo and Bahian genotypes. 

Amazonian region cacaos are Forastero cacao which categorized as bulk cacaos while Trinitario-Criollo 

categorized as fine cacaos.  

Total fat content of the bulk and fine cacao was around 30%.  Generally, the fat content of cacao 

bean was 40-50% [25].  However, some study reported the range of fresh cocoa bean total fat content 

was approximately 30%–32% [26] and 20-38.1% [23].  Total fat content variability in bulk cacaos was 

higher than in fine cacaos (figure 3c).  Khan et al. [27]reported that Upper Amazon Forastero group had 

higher butterfat content in cotyledons compared to Refractario and Trinitario groups. The variability 

pointed to different cacao clones in each cacao types were explained by analysis of variance and post-

hoc test result.   

Cacao clones performed different respond in caffeine, theobromine, total fat content and 

theobromine/caffeine value (table 2).  Highest total fat content showed by MCC 02 (bulk) and the lowest 

was by PNT 17 (fine).  Duncan Multiple Range Test of total fat content showed that all cacao clones 

segregated differently according to their types.  This trend was in accordance with the GC-MS result 

where fatty acids (stearic acid, oleic acid, palmitic acid) of the bulk cacaos were higher than the bulk 

cacaos (figure 2). 

Among cocoa compounds, caffeine and theobromine are involved in cocoa flavour development 

[28].  The highest caffeine and theobromine content in this study showed by DR 2 which was a fine 

cacao.  Caffeine content of each cacao clones in cacao type showed different trend. Not all bulk cacaos 

(a) (b) 

(c) (d) 
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contain low caffeine content, such as KW 617 which was not significantly different from DR 2. 

Otherwise, not all fine cacaos contain high caffeine content, such as PNT 17 which showed the lowest 

value.  However, in general fine cacaos contain higher caffeine content. 

 

Table 2. Bulk and fine cacao clones performed different trend on caffeine, theobromine, 

theobromine/caffeine and total fat contenta. 

Cacao 
Caffeine (ppm) Theobromine (ppm) Theobromine/Caffeine Total Fat (%) 

Type Clone 

Bulk 

KW516 
0.183 ± 

0.002 
d 

1.103 ± 

0.073 
cd 

6.018 ± 

0.267 
bc 

37.17 ± 

0.833 
b 

KW617 
0.238 ± 

0.004 
ab 

1.251 ± 

0.055 
bc 

5.038 ± 

0.009 
cd 

34.03 ± 

0.674 
c 

MCC02 
0.229 ± 

0.006 
bc 

1.095 ± 

0.060 
cd 

4.550 ± 

0.912 
d 

44.26 ± 

0.748 
a 

SUL01 
0.152 ± 

0.004 
e 

1.037 ± 

0.029 
d 

6.831 ± 

0.026 
b 

37.97 ± 

0.984 
b 

          

Fine 

DR2 
0.279 ± 

0.007 
a 

1.479 ± 

0.060 
a 

5.318 ± 

0.194 
cd 

29.38 ± 

1.627 
d 

DRC16 
0.209 ± 

0.011 
c 

1.394 ± 

0.015 
ab 

6.709 ± 

0.002 
b 

30.12 ± 

0.355 
d 

PNT16 
0.208 ± 

0.006 
c 

1.365 ± 

0.080 
ab 

6.579 ± 

0.034 
b 

30.08 ± 

1.046 
d 

PNT17 
0.147 ± 

0.002 
e 

1.232 ± 

0.003 
bc 

8.336 ± 

0.007 
a 

26.91 ± 

0.055 
e 

aData are expressed as the mean of triplicate ± SE. Means followed by the same letter at the same column 

are not significantly different (P = 0.05) as determined by Duncan’s Multiple Range Test. 

 

High variability of theobromine content in bulk cacaos was because of KW 617 value.  Its 

theobromine content even larger than fine cacao PNT 17.   The result of theobromine analysis (table 2) 

was not linear to those of GC-MS where no significant difference showed by bulk and fine cacaos (figure 

2).  This trend was also showed by caffeine content where there was no linear relationship between GC-

MS and caffeine analysis result. 

Study on the correlation between cocoa genotype and theobromine/caffeine mentioned that 

Criollo (fine) has lower theobromine concentration and the most caffeine content, opposite to the 

Forastero (bulk), which have more theobromine content and less caffeine concentration[29]. Trinitario 

which was the hybrid of Criollo and Forastero showed intermediate T/C levels. 

Theobromine content, caffeine content and T/C in this study which were not as distinct as total 

fat content were assumed connected to their ancestor.  Indonesian fine cacao is Trinitario types which 

were a hybrid between Criollo (fine cacao) and Forastero (bulk cacao) [6].   Fine cacao showing the 

lowest T/C level was DR2 which originated from the biparental cross of Venezuelan Cundeamor and 

local Java Criollo [30].  This clone was developed at Central Java, Indonesia in 1912 by van der Hall 

[31].  Meanwhile bulk cacao showing high T/C level was SUL 01. Study on parentage analysis of 

Sulawesi cacaos mentioned that parent of Sulawesi cacao clones mainly hybrids of Trinitario and two 

Upper Amazon Forastero groups[32].  Their Simple Sequence Repeat based parentage analysis revealed 

that the parent of SUL 01 was Nanay, which was bulk cacao of upper Amazon Forastero. 

4. Conclusions 

Twenty-three metabolites of eight cacao clones, extracted with methanol-formic acid-water by GC-MS 

analysis, were identified. These metabolites clustered the cacao clones into 2 different groups according 

to their types, i,e. bulk and fine, respectively. Three metabolites namely stearic acid, oleic acid and 

palmitic acid, which were fatty acid, related to bulk cacaos.  The trend of the fatty acids was in 
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accordance to the analysis result of total fat content.  Fine cacaos contained lower total fat content than 

bulk cacaos.  These metabolites could be further analyzed as selection criteria of cacao plant breeding 

program in order to support the sustainability of Indonesian Java fine flavor cocoa. 
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