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Summary
This study investigated the profile of cacao beans from the local 
Cameroonian Trinitario (SNK) and Forastero (TIKO) in terms of 
aroma precursors (amino acids and reducing sugars) through fermen-
tation-like incubations. Treatments consisted of incubating beans in 
acetic acid, 100 mmol/L for two days followed by 200 mmol/L of 
acetic acid for three days (Treatment T1) and in 100 mmol/L of lactic 
acid for two days followed by 200 mmol/L of acetic acid for three 
days (Treatment T2). Both treatments resulted in an increase of free 
amino acids content by 1.5 - 2.5 times in SNK and TIKO varieties. 
The ratio of the hydrophobic amino acids over the rest of amino acids 
showed the preponderance of T1 on the hydrophobic amino acids 
released in TIKO while in the SNK, some varieties displayed the 
highest ratio in T2. Glucose and fructose content in TIKO and SNK 
beans increased 2 to 3 times during incubation. Galactose and raf-
finose were found in unfermented beans. After incubation, raffinose 
was missing while at the same time a raise of galactose content could 
be seen. These results highlighted that acidification remains the  
factor inducing the releasing of free hydrophobic amino acids, the 
genotype being less involved.

Key words: Theobroma cacao; SNK and TIKO varieties; amino  
acids; sugars; cacao beans.

Introduction
The unique taste of chocolate attributed to fermented cacao beans 
after roasting is due to aroma compounds generated during Maillard 
reaction. These non-enzymatic reactions involve oligopeptides, free 
amino acids and reducing sugars which constitute the main ingredi-
ents of aroma compounds (Voigt et al., 2016; Adedeye et al., 2010). 
Therefore, free amino acids and reducing sugars are usually called 
cacao aroma precursors or flavor precursors (Biehl et al., 1985; Amin 
et al., 1997; Santander et al., 2019). They are released from storage 
proteins and sucrose respectively during the fermentation process 
which remains the key step to obtain high-quality cacao beans.
Cacao fermentation consists of two main steps: external and internal 
fermentation. External fermentation consists of microbial degrada-
tion of mucilaginous pulp rich in sugar. A succession of yeasts, lactic 
acid and acetic acid bacteria on mucilaginous pulp results in ethanol, 
lactic and acetic acids along with pulp depectinization and liquefac-

tion. Firstly, the alcoholic fermentation takes place and slowly in-
creases the pH (initially below 4 due to the presence of citric acid) 
and quickly creates ideal conditions for the growth of lactic acid bac-
teria (LAB). The LABs consume glucose for lactic acid biosynthe-
sis and also enhance the temperature to a range of 35-40 °C. After 
two or three days, the manual fermentation medium stirring and the 
disappearance of mucilage create aeration allowing acetic acid bac-
teria (AAB) to grow. Through AAB activity, the ethanol previously 
released is oxidized (or converted) into acetic acid. This high exo-
thermic reaction increases both the temperature up to 45 °C or more 
and the pH to a range of 5-5.5. Simultaneous to external fermenta-
tion, the second phase of fermentation is also running. The lactic 
and acetic acids released, penetrate the cotyledons at a first stage 
through hilum, later, the testa also is getting permeable (Rohsius, 
2007). The migration of these two organic acids gradually lowers the 
internal pH of the cacao beans from 6.5 to 4.5 approximately, causes 
the death of the embryo, disintegrates the cell compartments, releas-
es endogenous enzymes and finally induces degradation of phenolic 
compounds, sucrose into reducing sugars and storage proteins into 
oligopeptides and amino acids (Hansen et al., 1988; Thompson  
et al., 2001; Schwan and Wheals, 2004; Jespersen et al., 2005; 
Camu et al., 2007; Nielsen, 2007; Afoakwa et al., 2013).
It is well established that among storage proteins found in cacao beans, 
only from globulin namely Vicilin-class (7S) and from albumin, oli-
gopeptides and free amino acids are generated through the enzyma- 
tic process (Voigt et al., 1994; Voigt and Biehl, 1995; Caligiani  
et al., 2016; Marseglia et al., 2014; Kumari et al., 2016). This bio-
chemical reaction involves two specific endogenous enzymes, aspar-
tic endoprotease and carboxypeptidase, and requires favourable and 
specific conditions for each one. Though more research remains to be 
done for a deep understanding of the mechanism of albumin degra-
dation, nevertheless Biehl and Ziegleder (2003) and D’Souza et al. 
(2008) argued that albumin is essentially a source of oligopeptides. 
However, some authors proved that in Criollo genotypes albumin is 
the source of   free amino acids (Marseglia et al., 2014). Regarding 
globulin, it has been demonstrated that aspartic endoprotease and 
carboxypeptidase induce proteolysis of vicilin-class globulin (7S) of 
all cacao beans varieties tested (Voigt et al., 1994; Voigt and Biehl, 
1995). Finding from Voigt et al. (1994) highlighted the mechanism 
and revealed the necessary cooperation between both enzymes for 
the release of cacao-specific aroma precursors. Firstly, through as-
partic endoprotease activity, few amino acids and hydrophobic pep-
tides are generated. Thanks to carboxypeptidase, hydrophobic pep-
tides are degraded into hydrophobic amino acids and hydrophilic 
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peptides. The mixture of these two compounds displayed the typical 
flavor of cacao during roasting in the presence of reducing sugars 
(Spencer and Hoge, 1992; Voigt et al., 1993; Voigt et al., 1994a; 
Kratzer et al., 2008). Reducing sugars are also an essential ingre- 
dient of cacao aroma (Cerbulis et al., 1955; Barisic et al., 2019). 
The main reducing sugars found in fermented cacao beans are glu-
cose and fructose. They are issued from the enzymatic hydrolysis of 
sucrose, which involves invertase (Caligiani et al., 2016; Mayorga-
Gross et al., 2016).
Considering the specific conditions required by each endogenous en-
zyme involved in the production of amino acids and reducing sugars 
for their optimal activity, it seems obvious that obtaining a specific 
cacao flavour lay on the physico-chemical parameters observed dur-
ing the fermentation process and on the genotype. These two aspects 
determine not only the variability of the amino acids and reducing 
sugars produced but also their amount.
Three main cacao genetic groups (Forastero, Criollo and Trinitario) 
have been defined to classified cacao based on morphological traits 
and geographical origins. Criollo was first domesticated in Central 
America more than 2000 years ago, while Lower Amazon Forastero 
variety (Amelonado type) was domesticated in Brazil. Forastero group 
also includes many other populations from all the Amazonian (Upper 
Amazon Forastero, UPA) and Orinoco regions and presents a high  
diversity, as revealed by many genetic studies (Loor Solorzano  
et al., 2012). Trinitario group is hybrid between Criollo and Forastero. 
In Cameroon, the 5th largest cacao producer (ICCO, 2019), cacao va-
rieties from the three major group are cultivated. However, Trini-
tario variety is largely constituted by local genotypes developed 
since the 1950s commonly called SNK: “Selection of Nkoemvone” 
(Efombagn et al., 2006; Nyasse et al., 2007; Efombagn et al., 2013). 
This variety was widely spread in Cameroonian cacao farms and to-
day with German cacao constitutes the main varieties (Efombagn 
et al., 2006). The term “German cacao” was given by farmer for 
traditional cacao, known for their resistance to black pod disease 
and because cacao was partly introduced in Cameroon during the 
German colonization period. The German cacao presents a high level 
of admixture of diverse genes (Stoll et al., 2017). Genes of Lower 
Amazon cacao (54%) are predominant followed by Upper Amazon 
cacao (33%) and Criollo (7%). Only a low content of Trinitario is 
found (Efombagn et al., 2008). Contrary to SNK varieties, Forastero 
varieties named TIKO’s are less known by farmers. There are no data 
concerning their behaviour during fermentation, biochemical profile 
and agronomic traits. Yet, these varieties are present in cacao farms. 
To enhance Cameroonian cacao, the characterization of these two 
subgroups in terms of their aroma precursor release is required.
Ngouambe et al. (2019) showed that the purple and brown beans 
in Cameroon raw cacao contain a high level of amino acids. Inte-
restingly, the group of hydrophobic and acidic amino acids accounted 
for 61.70% and 30.17% in brown cacao beans and 60.70% and 37.51% 
in the purple. 
As natural fermentation is hard to control, lab-scale fermentation 
also known as fermentation-like incubation have been optimized 
to appreciate the changes occurring inside the cacao beans through 
degradation of different storage compounds induced by the penetra-
tion of lactic acid and acetic acid (Rohsius et al., 2006; Kadow et al., 
2015; Eyamo et al., 2016; John et al., 2016). In view of the interesting 
results obtained through this technique, it could also be used to col-
lect information on the profile of cacao beans subjected to optimal 
fermentation conditions. The present work aimed to assess the profile 
of free amino acids and reducing sugars of cacao beans from the lo-
cal varieties (SNK and TIKO) of Cameroon using fermentation-like 
incubation. The impact of the successive or simultaneous presence of 
lactic acid and acetic acid at the start of the incubation process on the 
cacao beans aroma precursors released from the local Cameroonian 
varieties is highlighted.

Materials and methods
Materials 
Cacao beans collection
The fruits analysed were harvested in September-October 2016 from 
field grown plants of each genotype conserved in cacao germplasm 
collection at Nkoemvone (SNK collection) Research Station of the 
Institute for Agricultural Research for Development (IRAD) in the 
South Region of Cameroon. The collection was established in the 
1950s, after random selection by farmers and the breeders in the 
field, based on yield and assigned accession numbers prior to their 
transfer and their vegetative propagation in the nurseries on-station 
(Efombagn et al., 2009ab).
Pods are from seven local Trinitario varieties: SNK10, SNK15, 
SNK16, SNK48, SNK64, SNK377, SNK450; two F1 Hybrid local 
varieties: SNK620 and SNK624 resulting from introduced Trinitario 
variety crossed with Upper Amazonian variety ICS84 × UPA 337 
(Nyasse et al., 2006 ; Efombagn et al., 2013); two Upper Amazo- 
nian varieties which are the introduced Forastero regularly found 
in Cameroonian cacao farm: IMC67 and T60/877 and two local 
Forastero: TIKO31 and TIKO32. The name ‘‘TIKO’’ is referred to 
the locality (in South West Region of Cameroon) were these varie- 
ties were selected and recognised for their tolerance to Phytophthora 
megakarya and their productivity. For each variety, about twenty full 
ripe (based on their characteristic color change) undamaged pods 
were harvested, transported to the laboratory and fermentation-like 
incubation was directly applied. Germinated seeds were not encoun-
tered in the pods.

Reagents and standards
Unless otherwise specified, all the chemicals and solvents used were 
analytical grade purchased from Merck (Darmstadt, Germany). 
Water was purified in a Milli-Q water purification system (Millipore, 
Bedford, MA, USA).

Methods
Fermentation-like incubation
As presented in Tab. 1, two different treatments were applied to 
thirteen cacao varieties, according to Bahmann (2013) and Eyamo  
et al. (2016) with slight modifications. Six to seven intact fruits were 
harvested at the Institute for Agriculture Research for Development 
at Nkoemvone station (South Cameroon) and transported to the 
laboratory. Three independent repetitions were made (not at the 
same day) for each treatment and five (05) fruits were used for each 
fermentation-like incubation repetition. Then, at the end of the ex-
perimentation, about 20 intact fruits were managed for each variety. 
For fermentation-like incubation, cacao pods were washed twice for  
15 minutes in sodium hypochlorite solution (3 mL/L; 0.3%) and then 
rinsed three times with sterilized water. After natural drying under 
a laminar flow hood, pods were sprayed with ethanol, flamed, and 
opened. Each cacao pod contained ca. 30-50 beans depending on the 

Tab. 1: 	Experimental design of fermentation-like incubations. 

			   Days of incubation
Treatments	 Day 1	 Day 2	 Day 3	 Day 4	 Day 5
	 30 ºC	 40 ºC	 45 ºC	 50 ºC	 50 ºC

T1	 Acetic acid 100 mM; pH 4	 Acetic acid 200 mM; pH 5
	 3 repetitions of 5 fruits 	 3 repetitions of 5 fruits 	
	 (25 seeds), n=3	 (25 seeds), n=3

T2	 Lactic acid 100 mM; pH 4	 Acetic acid 200 mM; pH 5
	 3 repetitions of 5 fruits	 3 repetitions of 5 fruits	
	 (25 seeds), n=3	 (25 seeds), n=3
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variety. Twenty-five beans randomly selected from the five opened 
cacao pods were put into a sterilized glass bottle containing 150 mL 
incubation medium (100 mmol/L acetic acid or 100 mmol/L lactic 
acid, and adjusted to pH 4 with 1 mmol/L NaOH; (Tab. 1). After 
two days of incubation, the beans were transferred under the hood 
to a second sterilized glass bottle containing the same volume of  
200 mmol/L acetic acid pH 5 and incubated for three more days. 
During this second phase, glass bottles were constantly shaken under 
laminar flow hood to increase oxygen in the media. The tempera-
ture was controlled throughout the experiments by incubation the 
bottles in a 30-50 °C water bath (Tab. 1). After incubation, the cacao 
beans were sun-dried between 8 a.m. and 5 p.m. for 7 days with stirr- 
ing every three hours (final water content: 6.9%). The dried beans 
were stored in black plastic bags and transported to the University of 
Hamburg for biochemical analysis.

Biochemical analysis
Seventy five dried beans from the three incubations, resulting from 
each treatment and variety, were mixed and cut lengthwise with a 
cacao Guillotine (Type MAGRA, Swiss company TESERBA). The 
shells and radicles were removed. Cotyledons were coarsely crushed 
with a blender and the particles were stored at - 20 °C. For defatting, 
two grams of crushed cotyledon were milled with 10 mL n-hexane 
in a ball mill (Typ MM200 from Retsch, Germany) by shaking for  
10 minutes at a frequency of 25/s. The homogenate was rinsed out of 
the ball mill with about 75 mL of petroleum ether (bp 40-60 °C), then 
filtered and dried in a vacuum drying oven. Defatted fine cotyledon 
powder was stored in -20 °C for free amino acids and sugar analysis.

Free amino acids analysis 
Free amino acid contents were analysed according to Rohsius et al.  
(2006) with slight modifications. 0.5 g of defatted ground cacao  
powder was stirred at < 4 °C for 1 hour with 1.4 g of polyvinyl-poly-
pyrrolidone (PVPP) and 50 mL of distilled (or deionized) water. The 
pH was adjusted to 2.5 with 50% of aqueous solution of trifluoroace-
tic acid (1/1; v/v). The solution was centrifuged at 2,800 g (Centrifuge 
Heraeus ThermoScientific Megafuge 11R, Hanau, Germany) for  
10 minutes at 5000 rpm. The clear supernatant solution was filtered 
through a 0.45 μm filter (Multoclear, CS-Chromatography). 30 μL of 
each sample was lyophilized (1h; -20 °C; 0.05 mbar, Christ Alpha 1-2 
LDplus, Martin Christ Gefriertrocknungsanlagen GmbH, Osterode 
am Harz, Germany) directly in the vial and stored at -20 °C until 
analysis. Free amino acids extraction was repeated twice (technical 
repetition for extraction).
Free amino acids were separated with Reverse-Phase HPLC appara-
tus (HPLC pump 64 from Knauer; Degaser, Degassex DG-4400 from 
Phenomenex) after they had been converted to O-phthalaldehyde 
(OPA) derivatives. The chromatographic system consists of precol-
umn (LicChroCART 250-4 (Merck, Darmstadt, Germany)); separat-
ing column (Lichrospher 100 RP-18; 5 μm); an autosampler (Merck-
Hitachi AS-4000) and a fluorescence photometer detector (Hitachi 
F-1050). Eluents were: A; containing 1.6 L sodium acetate solution/
glacial acetic acid (50 mmol/L; pH 6.2), 50 mL MeOH (Lichrosolv R, 
gradient grade), 20 mL tetra hydrofuran (Lichrosolv R; gradient grade) 
and B; containing 200 mL sodium acetate solution/glacial acetic acid 
(50 mmol/L; pH 6.2), 800 mL MeOH (Lichrosolv R, gradient grade). 
The column was equilibrated with eluent A and elution gradient was 
(A+B=100%; v/v): (1) 2 min 100-95% A, (2) 10 min, 95-85% A, (3)  
8 min, 85-60% A, (4) 5 min, 60-50% A, (5) 15 min, 50-0% A, (6) 10 min, 
constant 0% A, (7) 5 min, 0-100% A, (8) 20 min, constant 100% A. The 
conditions of elution were as follows: temperature 30 °C; flow rate.  
1.3 mL/min. For the measurement by HPLC, 800 μL of borate buf-
fer (200 mmol/L of boric acid; adjusted to pH 9.5 with concentrated 

KOH, boiled for 5 min) was added to each lyophilized sample. Before 
injection of 400 μL of OPA-reagent was added to convert the amino 
acids into O-phthalaldehyde derivatives. 20 μL of this mixture was 
finally injected into the column. After injection, the derivatization 
was stopped 2 min later by passing the eluent through the column. 
For each amino acid extraction, two injections were done (technical 
repetition for HPLC).
The OPA reagent was prepared 24 hours before being used. The 
preparation of the OPA-reagent consisted of a mixture of 100 mg of 
Ophtaldialdehyde (Merck, No. 11452) previously dissolved in 2.5 mL  
of MeOH (Lichrosolv R, gradient grade) with 22.4 mL of borate  
buffer (pH 9.5) and 100 μL of 2-mercaptoethanol (Merck, N° 15433). 
The amino acids of each sample were identified based on the reten-
tion time of commercial standards derivatized amino acids while, 
they were quantitated via a peak surface of chromatogram using the 
calibration curve from standard mixtures containing 1-10 pmol/μl 
of each amino acid. The standard deviation of reference substances 
was equal to ± 2.0% excepted for glutamic acid, glutamine, alanine, 
tryptophan (± 2.9-3.8%); arginine, asparagine, threonine and serine 
(± 5.7-7.3%); glycine (± 9.2%) and lysine (± 9.6%).

Reducing sugar analysis
Sugars were extracted and quantitated in duplicate (two technical 
replicates) according to Rohsius (2007) with some modifications. 
100 mg of defatted powder was mixed with 1 mL of ultrapure water  
(type I, ELGA purelab, High Wycombe, United Kingdom) for the 
extraction of sugars. The solution was homogenized on a laboratory 
vortex for 20 s and incubated on a Thermomixer comfort (Eppen- 
dorf, Hamburg, Germany) for 1 hour at 1300 rpm and 80 °C fol-
lowed by centrifugation for 10 minutes at 16060 g (Biofuge pico, 
Heraeus, Hanau, Germany). 300 μL of the supernatant was collected 
and diluted with 900 μL of ultrapure water. The solution was fil-
tered through a 0.2 μm syringe membrane filter (PES Perfect Flow, 
Wicom, Heppenheim, Germany) and subjected to HPLC analysis.
The sugars were separated by ligand exchange chromatography in 
an isocratic mode. 10 μL of each sample was injected onto the col-
umn Rezex RCM-Monosaccharide Ca2+ column with 8% crosslink-
ing (Phenomenex, Torrance, USA) established at 85 °C using a flow 
rate of 0.6 mL/min of ultrapure water. The chromatographic system 
consisted of AS-2000A autosampler; L-6200 smart pump; L-7350D 
column oven; L-7490 refractive index detector (all Merck Hitachi, 
Darmstadt, Germany) and ERC 3512 degasser (Erma, Tokyo). 
D-7000 HPLC-System-Management HSM version 4.1 software was 
used to record the data. The identification of each sugar was based on 
retention times of commercial standards used. The retention times of 
the various sugars were determined by recording the refractive index 
(RI). Sugars were quantitated with the peak area of each sugar in 
samples and calibration curve of standard solutions. Extract injection 
was repeated twice (technical replicate for HPLC).

Statistical analysis
All data were analysed and graphics drawn using R-studio version 
0.96.122. Statistical significance was assessed by analysis of vari-
ance (ANOVA). The least significant difference (LSD) was used to 
separate and compare the means and significance was accepted at 
5% level (P < 0.05).

Results and discussion
Amino acid contents
In unfermented beans (Treatment 0; T0), the total contents of free 
amino acids varied among varieties (Fig. 1). They ranged between 
4684.98 mg/kg fat free dry material (ffdm) (SNK 10) and 7234.08 
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mg/kg ffdm (TIKO31). At this stage, it was interesting to note that 
no significant difference was observed between SNK and TIKO as 
well as IMC67 and T60/877 varieties (Fig. 1). It is well known that 
unfermented cacao beans contain free amino acids (Kirchhoff  
et al., 1989), their content varies between 2000 to 4000 mg/kg ffdm 
(Rohsius et al., 2006). However, our results showed that the quanti-
ties found in all the varieties used were relatively high. Nevertheless, 
it cannot be used to determine their potential for future operations 
because it is well established that unfermented cacao beans do not 
present any aromatic compound during roasting and do not generate  
any cacao flavor (Lopez, 1986; Puziah et al., 1998; Hurst et al., 
2011). In addition, the percentage of the hydrophobic amino acid 
group was relativity lower than the acidic group (Fig. 2). According 
to Kirchoff’s classification, the average ratio of hydrophobic/acidic/ 
other amino acids is 31% / 59% / 10%. The ratio obtained showed the 
predominance of free acidic amino acids group unlike those reported 
by Puziah et al. (1998) where the third group (other amino acids) 
exhibited the highest content (30% / 18% / 52%); or those reported 
by Rohan (1964) in Malaysian unfermented cacao beans where the 
hydrophobic are predominant (41% / 26% / 33%). Our results showed 
that TIKO varieties displayed highest acidic amino acids percentage 
62% against 58% and 60% in SNK and IMC67 + T60/877 respec-
tively (Fig. 2). In some particular varieties; IMC67, SNK10, SNK16, 
SNK40, SNK48 and TIKO31, the percentage of the acidic amino  
acids was 2 times higher than hydrophobic amino acids (Fig. 2).  
This difference could be attributed to the genetic background of  
each variety since analysis was done in unfermented beans. Glutamic 
acid was the most represented amino acid. Its content represents at 
least 60% of the total content of acidic amino acids in all the varieties. 
For hydrophobic amino acids, alanine was the most abundant amino 
acid. In SNK450 for example, its content represents about 50% of 
the total hydrophobic group (1205.41 mg/kg ffdm over 2495.19 mg/
kg ffdm) (Fig. 2).
After five days of incubation in acetic acid only (Treatment 1; T1), 
the content of free amino acids considerably increased compared to 
the contents recorded in unfermented beans (T0). The total amino 
acid concentration doubled in all the Forastero and TIKO varieties; 

by 2.84; 2.94; 2.26; 2.78 for IMC67, T60/887, TIKO31 and TIKO32 
respectively (Fig. 1). According to the total concentration, the SNK  
varieties can be divided into two groups: the varieties which dou-
bled their total concentration namely SNK15 (10324.30 versus 
4438.92 mg/kg ffdm), SNK48 (13080.60 versus 6502.49 mg/kg 
ffdm), SNK624 (10776.26 versus 5198.05 mg/kg ffdm) and SNK64 
(15122.72 versus 5415.46 mg/kg ffdm); and those which registered 
a simple increase namely SNK10 (+ 5%), SNK16 (+ 30%), SNK377 
(+ 48%) and SNK450 (+ 8%) (Fig. 2). The abundance of free amino 
acids observed is mainly due to the content of the hydrophobic amino 
acids which considerably increased during incubation (Fig. 2). The 
average ratio of hydrophobic / acidic / other was 43% / 21% / 36%. 
In addition, the varieties showing an exponential increase also dis-
played a three to four times higher content of hydrophobic amino 
acids. Their concentrations in Leu and Phe particularly increased in 
all the treatments compared to those of unfermented beans (T0). Leu 
was almost 10-fold higher in SNK10 (1338.15 against 137.48 mg/kg 
ffdm), SNK48 (1778 against 164.92 mg/kg ffdm), SNK64 (2087.51 
against 217.01 mg/kg ffdm); SNK624 (1382.02 against 125.86 mg/kg 
ffdm) and SNK16 (1068.03 against 182.86 mg/kg ffdm). Phe was 4- 
8-fold higher in SNK15 (999.52 versus 194.83 mg/kg ffdm); SNK450 
(953.07 versus 165.89 mg/kg ffdm); SNK48 (1335.51 versus 323.25 
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Fig. 2: 	 Distribution of hydrophobic amino acids, acidic amino acids and 
other amino acids in unfermented (T0) and incubated (T1 and T2) 
cacao beans from different cacao varieties. T1 treatment consisted 
of sterile incubation of 25 cacao beans of five individual fruits in  
100 mmol/L acetic acid pH 4 for two days following their trans-
fer in 200 mmol/L acetic acid pH 5 for three days and subsequent 
sun drying. T2 treatment consisted of sterile incubation of 25 cacao  
beans of five individual fruits in 100 mmol/L lactic acid pH 4 for 
two days following their transfer in 200 mmol/L acetic acid pH 5 
for three days and subsequent sun drying. Values are means of n = 3 
(three biological replicates based on two technical replicates of ex-
traction). Means with different letters were significantly different by 
Tukey (p < 0.05). γ-amino butyric acid (GABA) was detected in all 
cacao samples but was excluded in the analysis.

Fig. 1: 	 Total free amino acids content in unfermented (T0) and incubated 
(T1 and T2) cacao beans from different cacao varieties. T1 treat-
ment consisted of sterile incubation of 25 cacao beans of five indi-
vidual fruits in 100 mmol/L acetic acid pH 4 for two days following 
their transfer in 200 mmol/L acetic acid pH 5 for three days and 
subsequent sun drying. T2 treatment consisted of sterile incubation 
of 25 cacao beans of five individual fruits in 100 mmol/L lactic acid 
pH 4 for two days following their transfer in 200 mmol/L acetic acid 
pH 5 for three days and subsequent sun drying. Values are means of  
n = 3 (three biological replicates based on two technical replicates of 
extraction). Means with different letters were significantly different 
by Tukey (p < 0.05). γ-amino butyric acid (GABA) was detected in 
all cacao samples but was excluded in the analysis.
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mg/kg ffdm); SNK624 (1116.31 versus 255.01 mg/kg ffdm) and 
SNK64 (1691.42 versus 208.22 mg/kg ffdm). The same trends was 
observed between the TIKO varieties where the hydrophobic amino 
acids were three and four times more abundant; 7267.80 in T1 versus 
1651.21 mg/kg ffdm in T0 and 6251.20 in T1 versus 1585.24 mg/kg 
ffdm in T0 for TIKO31 and TIKO32 respectively. Leu and Phe were 
also particularly abundant; 17 and 13 times for Leu; 7 and 6 times for 
Phe in TIKO31 and TIKO32 respectively (Supplement 2).
As observed in the hydrophobic amino acids, incubation in acetic 
acid (T1) resulted in an exponential increase in the total content of 
the third group of amino acids (named other amino acids). In SNK15 
and IMC67 particularly, this increase was 18-fold greater than (T0); 
5979.29 mg/kg ffdm versus 318.73 mg/kg ffdm and 3941.47 versus  
215.69 mg/kg ffdm respectively. TIKO32 and TIKO31 showed 
a similar evolution with an increase of 13 and 5-fold respectively 
(Supplement 1 and 2). Interestingly, the relative abundance of other 
amino acids increased compared to T0: 38% versus 4% (SNK15); 
35% versus 7% (TIKO32); and 33% versus 7% (SNK16); 32% versus 
7% (SNK620). Although this quantitative leap was induced by all 
the amino acids belonging to this group, Trp, Arg and Lys amino 
acids have a significant contribution. The latter represent approxi-
mately 63%, 79%, 75% and 78% of the total amount recorded in this 
third group in SNK15, SNK16, SNK620 and TIKO32 respectively. In  
addition, it should be noted that Trp, Thr and Lys which were not  
detected in unfermented cacao beans (T0) in IMC67, SNK10,  
SNK15, SNK16, SNK450, SNK620, SNK64 and TIKO32 were  
present after incubation (Supplement 2).
After beans incubation in lactic acid for two days followed by three 
days in acetic acid (treatment 2; T2), half of the varieties showed a 
lower amount of total free amino acids compared to unfermented 
cacao (Fig. 1). These latter varieties belong exclusively to SNK sub-
group (SNK15, SNK16, SNK377, SNK450, SNK620, and SNK624). 
For the rest of the varieties, the increase recorded ranged between 
1.08-fold (TIKO 31; 7883.85 versus 7234.08 mg/kg ffdm) – 2.16-
fold (SNK10; 4684.98 versus 10129.96 mg/kg ffdm) higher than T0. 
The average ratio hydrophobic/ Acidic/ other was 42% / 28% / 30%  
(Fig. 2). The concentration of hydrophobic amino acids increased 
in all varieties excepted in some SNK varieties: SNK16 (-12.55%), 
SNK377 (-13%) and SNK624 (-10%) compared to T0. This reduction
is mostly due to a lower content of Leu and Phe in these varieties. 
The amount of the other free amino acid group increased during in-
cubation compared to T0; +20% (30% in T2 versus 10% in T0) and 
slightly decreased compared to T1 -6% (30% in T2 versus 36% in 
T1). As in T1, the content of all the amino acids belonging to this 
third group increased. The appearance of Lys, Trp and Thr most-
ly contributed to this increase. Arg also contributed significantly, 
its concentration was approximately 11 times higher in SNK10 in 
treatment 2 after incubation (1364.96 versus 124.23 mg/kg ffdm) 
(Supplement 3). Compared to T0, the percentage of the acidic amino 
acid decreased by half (28% in T2 versus 59% in T0). However, this 
residual rate remains relatively high compared to T1 (28% versus 
21%). It is important to note that the respective contents of all the 
amino acids in this group dropped during this incubation. Moreover, 
as found in unfermented cacao beans, glutamine does not appear in 
IMC67, SNK15, SNK16, SNK377, SNK620 and SNK624 varieties 
(Supplement 3).
The changes in relative concentration of free amino acids were ob-
served in both incubations. The free amino acids found originated 
from those initially present in unfermented cacao beans and mostly 
from proteolysis during incubation. Thus, the increase observed in 
incubated beans compared to unfermented beans is exclusively due 
to the penetration of the acids. Biehl and Passern (1982) demon-
strated that only the acidification (with acetic acid) can promote pro-
teolysis in cotyledons of cacao beans. Moreover, more studies have 
well demonstrated that the acidification of the cotyledons creates 

adequate conditions for the endoprotease activities of cacao beans. 
The amount of free amino acids depends on the pH within the coty-
ledons and therefore on the flow of acid entering (Voigt et al., 2018). 
Thus, the variations in total amounts of free amino acids observed 
between the two treatments in the same variety may be entirely due 
to the type and the flow of the organic acid in the cacao beans during 
incubation. We can assume that the two types of chronology of the 
acids used (treatment 1 and treatment 2) do not allow the same flow 
and consequently the acidification results in each case does not lead 
to the same pattern of proteolysis. Andersson et al. (2006) inves-
tigated the transport characteristics of the seed coat of Theobroma 
cacao and found that certain structures strongly influence the course 
of transport processes in the mature seed. These authors suggested 
that flavour precursor development in seeds is dependent to transport 
kinetics of water and solutes into the seeds during fermentation pro-
cess. Our results showed that, incubation with acetic acid from the 
two first days (T1) would promote better proteolysis with a net in-
crease of +67% compared to the average content of free amino acids 
released in T2. However, only the hydrophobic ratio on the rest of the 
amino acids is decisive.
The total amounts of amino acids recorded in incubated beans were 
close to those reported by Puziah et al. (1998) through natural fer-
mentation and Kirchhoff et al. (1989) using fermentation-like in-
cubation. These similarities highlight the fact that the experimental 
design well-mimicked natural fermentation and remains a useful tool 
of deep-understanding for the main role of lactic and/or acetic acid 
on biochemical reactions occurring inside the beans during fermen-
tation process.
The ratio of hydrophobic on the rest of the amino acids (acidic 
and other amino acids) recorded ranged between 0.29 (TIKO31; 
Treatment 0) and 0.96 (SNK15; Treatment 2). Excepted SNK337, and 
T60/887 with 0.66 and 0.54 respectively, all the unfermented cacao 
beans (treatment 0) exhibited a ratio below 0.5. For T1 and T2, the  
ratio ranged between 0.5-1. However, the varieties used do not 
show a similar hierarchy between ratio in T1 (RT1) and T2 (RT2). 
Excepted for SNK624, the rest of SNK varieties showed higher ratio 
value in T2 than T1. On the other hand, TIKO, IMC67 and T60/877 
varieties recorded highest value in T1 (Fig. 3). The difference ob-
served between RT0 and RT1 and between RT0 and RT2 inside the 
varieties clearly revealed the impact of the fermentation process on 
hydrophobic free amino acids released and the acidic amino acids 
decreasing. Moreover, it highlighted the crucial role of acidification 
on aroma precursor’s behavior during incubation or fermentation. 
The accumulation of hydrophobic free amino acids is explained by 
the cleavage characteristics of two proteases of cacao beans. The as-
partic endoprotease (E.C. 3.4.23) attacks the storage proteins pre- 
ferentially at sites of hydrophobic amino acids and the carboxypep-
tidase (E.C. 3.4.16) releases single hydrophobic amino acids (Biehl  
et al., 1993; Voigt et al., 1994). As a result of the different pH and 
temperature optima of these enzymes, proteolysis primarily depends 
on the fermentation conditions: duration and intensity of acidification,  
temperature and aeration (Ziegleder and Biehl, 1988). Thus, the 
total amount of free amino acids and oligopeptides liberated during 
hydrolysis varies considerably (De Witt, 1957; Biehl and Passern, 
1982; Biehl et al., 1985; Rohsius et al., 2006). The fact that RT1 is 
relatively lower than RT2 in some SNK varieties is mostly due to the 
low rate of acidic amino acids disappearance observed in T1. The 
data collected revealed that T1 released more hydrophobic amino  
acids but few acidic amino acids are lost. The hydrophobic amino  
acids are the only free amino acids that contribute to chocolate 
flavours during roasting (Mulono et al., 2016). Thus, the ratio ex-
pressed may indicate the useful free amino acids fraction of market-
ed cacao samples. According to the latter results, it is obvious that for 
SNK and TIKO varieties, the early production of acetic acid during 
fermentation process is necessary for a better yielding of amino acids 
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especially free hydrophobic amino acids. Therefore, acidification of 
cacao beans cells by acetic acid and its driving force in lowering the 
cell pH impact strongly the protease activity, the free amino acid and 
oligopeptides release during the fermentation process.

Sugars content
In unfermented cacao beans, the concentration of sucrose ranged 
between 53.20 mg/g ffdm (TIKO31) – 35.56 mg/g ffdm (T60/887). 
These initial concentrations showed a high variability among SNK 
varieties. SNK620, SNK624 and SNK450 displayed higher values 
with 49.23 mg/g ffdm, 52.34 mg/g ffdm and 49.26 mg/g ffdm respec-
tively. After incubation, the concentration of sucrose dropped drasti-
cally. According to the residual concentration of sucrose, the varie- 
ties studied can be divided into three groups. The first group, consti-
tuted by IMC67, TIKO31, T60/887 and SNK377 where the sucrose 
was completely degraded during incubation in both treatments. The 
second group which includes SNK64 and TIKO32, only incubation 

in T1 allowed 100% of degradation. It is important to note that in 
this group the degradation of sucrose induced by T2 was above 90%. 
The last group was exclusively constituted by SNK varieties (SNK10, 
SNK16 SNK620, SNK624, SNK450 and SNK15), where the residual 
content of sucrose was found in both treatments. Nevertheless, the 
value recorded was below 10 mg/g ffdm in both treatments (Fig. 4). 
It is well established that sucrose is the main disaccharide found in 
unfermented cacao beans. Data from SNK and TIKO varieties com- 
pared to those reported by Reccenius et al. (1972) were two to three 
times higher (53.20 mg/g ffdm against 18.50 mg/g ffdm). The differ-
ence displayed among varieties could be attributed to their genetic 
background. Since all the varieties were subjected to the same treat-
ments, the percentage of degradation reflected the impact of treat-
ments applied. Unlike the TIKO, IMC67 and T60/877 varieties, in 
the SNK varieties, the degradation of sucrose was not completed with 
regards to the treatment. Thus, this latter required proper fermenta-
tion practice to release more reducing sugars from sucrose. Limiting 
factor for the production of aroma relevant Maillard reactions being 
reducing sugars (Rohsius, 2007).
Before subjected to incubation, a small content of glucose was exclu-
sively found in TIKO32 (1.93 mg/g ffdm), SNK16 (3.30 mg/g ffdm) 
and SNK15 (2.49 mg/g ffdm). After incubation, the concentration of 
glucose exponentially increased in all the varieties. In T1, it ranged 
between 8.16 mg/g ffdm (SNK624) – 5.40 mg/g ffdm (SNK10) and 
between 3.09 mg/g ffdm (SNK624) – 11.39 mg/g ffdm (SNK48) in 
T2. Excepted in SNK620 and SNK624, the rest of the varieties re-
corded their highest concentration in T2 (Fig. 5A). 
In contrast to glucose, fructose was found in unfermented cacao beans 
in all the varieties. Its initial content ranged between 0.90 mg/g ffdm 
(IMC67) to 6.64 mg/g ffdm (SNK16). After incubation, as observed 
with the glucose released, the concentration of fructose exponential-
ly increased in both treatments. In T1, it ranged between 6.93 mg/g 
ffdm (SNK377) – 9.85 mg/g ffdm (SNK64) and between 1.74 mg/g 
ffdm (SNK24) – 12.46 mg/g ffdm (SNK48) in T2. In TIKO varie- 
ties (TIKO31 and TIKO32), T2 displayed higher value than T1. After 
T2 treatment, the concentrations found were 8 times higher than 
those reported in unfermented cacao beans, while those recorded in 
T1 were only 5 times higher. As in glucose, T2 released more fruc-
tose than T1 in TIKO varieties and in some SNK varieties (SNK16, 
SNK620, SNK624, SNK337 and SNK15) (Fig. 5B).
Glucose and fructose are the main reducing sugars found in fer-
mented cacao beans. In fermented traded cacao beans, Rohsius et al. 
(2010) reported a distribution of 0.45 mg/g ffdm : 0.67 mg/g ffdm : 
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Fig. 3: 	 Ratio of hydrophobic amino acids / acidic amino acids + other amino acids in unfermented (T0) and incubated (T1 and T2) cacao beans from different 
cacao varieties. T1 treatment consisted of sterile incubation of 25 cacao beans of five individual fruits in 100 mmol/L acetic acid pH 4 for two days 
following their transfer in 200 mmol/L acetic acid pH 5 for three days and subsequent sun drying. T2 treatment consisted of sterile incubation of 
25 cacao beans in 100 mmol/L lactic acid pH 4 for two days following their transfer in 200 mmol/L acetic acid pH 5 for three days and subsequent 
sun drying. Values are means of n = 3 (three biological replicates based on two technical replicates of extraction). Means with different letters were 
significantly different by Tukey (p < 0.05). γ-amino butyric acid (GABA) was detected in all cacao samples but was excluded in the analysis.

  

  

  

  

0

10

20

30

40

50

60

Sa
cc

ha
ro

se
 (m

g/
g 

ff
dm

)

Varieties T0 T1 T2

a 

b 
b b b b 

b 
b 

b b 
b 

b 

b 
b 

a a a a 
a 

a 
a a 

a a a 
a 

a a 

Fig. 4: 	 Sucrose content in unfermented (T0) and incubated (T1 and T2) 
cacao beans from different cacao varieties. T1 treatment consist- 
ed of sterile incubation of 25 cacao beans of five individual fruits 
in 100 mmol/L acetic acid pH 4 for two days following their trans-
fer in 200 mmol/L acetic acid pH 5 for three days and subsequent 
sun drying. T2 treatment consisted of sterile incubation of 25 cacao 
beans in 100 mmol/L lactic acid pH 4 for two days following their 
transfer in 200 mmol/L acetic acid pH 5 for three days and subse-
quent sun drying. Values are means of n = 3 (three biological repli-
cates based on two technical replicates of extraction). Means with 
different letters were significantly different by Tukey (p < 0.05). 
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0.04 mg/g ffdm for sucrose : glucose : fructose. They are indispens-
able aroma precursors. Their carbonyl group is involved in Strecker-
type reaction in Maillard reaction during the roasting process. Our 
results showed the preponderance of T1 over T2 in TIKO, IMC67 
and T60/877 varieties. However, all the SNK varieties did not show 
the same trends. Surprisingly, the trend was the same as observed 
in the amount of amino acids released. SNK16, SNK620, SNK624, 
SNK377, SNK15 released more reducing sugars in T1 while SNK64, 
SNK10, SNK450 and SNK48 released more in T2. However, the 
content recorded did not correspond to those expected coming from  
sucrose degradation. This was due to exudation into the medium 
which occurs during incubation or fermentation.
Galactose and raffinose were also found in unfermented cacao beans. 
The concentration of raffinose was higher than galactose in all the 
varieties. It ranged between 12.31 mg/g ffdm (TIKO31) – 9.66 mg/g 
ffdm (IMC67) while galactose ranged between 4.72 mg/g ffdm 
(SNK624) – 1.68 mg/g ffdm (T60/887) (Fig. 6A). Contrary to the 
monosaccharides regularly found in cacao (glucose and fructose), the 
concentration of galactose did not exponentially increase after the 
incubation. In both treatments, the concentration recorded in each 
variety was barely two times higher than those obtained in unfer-
mented cacao beans (against eight times higher in fructose). With the 
exception in SNK16, SNK620 and SNK624, raffinose disappeared 
entirely during incubation in the rest of varieties (Fig. 6B).
Raffinose is a trisaccharide containing galactose linked by α-(1-

6) bond to the glucose unit of sucrose (Švejstil et al., 2013). This 
non-reducing sugar is found in many fruits and cereals (Jovanovic-
Malinovska et al., 2013; Svejstil et al., 2015). Cerubulis (1955) 
is the first author who reported the presence of raffinose in the cacao 
beans followed by Reccenius et al. (1972). In the varieties used for 
this study, the content of raffinose was two to three times lower than 
sucrose. Their entire disappearance after incubation was due to enzy-
matic and/or non-enzymatic degradation into sucrose and galactose. 
This may justify not only the slight increase of galactose observed 
in some varieties after incubation but also the lower residual sucrose 
content found in SNK varieties. 

Conclusion
The fermentation-like incubation which well-mimicked the fermen-
tation process allows predicting the behavior of local Cameroonian 
cacao varieties (SNK and TIKO). The high content of free hydropho-
bic amino acids and reducing sugars generated in both treatments 
carried out demonstrated that these varieties have an irrecusable 
potential of aroma precursors. Thus, our data provide additional 
knowledge to be considered in the promotion of Cameroonian cacao. 
Therefore, it will be interesting to set up appropriate natural fermen-
tations according to specific agro-ecological conditions. Otherwise, 
the results obtained from both treatments showed that the beginning 
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Fig. 5: 	 Fructose (A) and glucose (B) contents in unfermented (T0) and 
incubated (T1 and T2) cacao beans from different cacao varieties.  
T1 treatment consisted of sterile incubation of 25 cacao beans of  
five individual fruits in 100 mmol/L acetic acid pH 4 for two days  
following their transfer in 200 mmol/L acetic acid pH 5 for three 
days and subsequent sun drying. T2 treatment consisted of sterile 
incubation of 25 cacao beans in 100 mmol/L lactic acid pH 4 for  
two days following their transfer in 200 mmol/L acetic acid pH 5  
for three days and subsequent sun drying. Values are means of n = 3 
(three biological replicates based on two technical replicates of ex- 
traction). Means with different letters were significantly different by 
Tukey (p < 0.05). 
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Fig. 6: 	 Galactose (A) and raffinose (B) contents in unfermented (T0) and 
incubated (T1 and T2) cacao beans from different cacao varieties. 
T1 treatment consisted of sterile incubation of 25 cacao beans of 
five individual fruits in 100 mmol/L acetic acid pH 4 for two days 
following their transfer in 200 mmol/L acetic acid pH 5 for three 
days and subsequent sun drying. T2 treatment consisted of sterile 
incubation of 25 cacao beans in 100 mmol/L lactic acid pH 4 for 
two days following their transfer in 200 mmol/L acetic acid pH 5 
for three days and subsequent sun drying. Values are means of n = 3  
(three biological replicates based on two technical replicates of ex-
traction). Means with different letters were significantly different by 
Tukey (p < 0.05). 
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of fermentation (presence or absence of acetic acid, treatment 1 and 
treatment 2 respectively) slightly influences the result in SNK and 
TIKO varieties. Therefore, fermentation process allowing acidifica-
tion of beans with acetic acid at the early stage is necessary for free 
amino acid release. Moreover, investigation on the special flavors 
generated from these varieties during the roasting process and also 
on the dynamics of the accumulation of these aroma precursors dur-
ing the fermentation process will be helpful to valorize these widely 
spread varieties in Cameroonian cacao farms.
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