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1 Introduction
Cacoa (Theobroma cacao L.) is cultivated in tropical regions 

around the world. Its fruit is the main ingredient in chocolate 
production and in its derivatives, becoming an important 
component in the economy of many countries including Brazil. 
Bahia stands out as one of the largest cocoa-producing state in 
Brazil (Ardhana & Fleet, 2003; Lopes et al., 2011).

The cocoa seeds and pulp are removed manually after 
opening the fruit and immediately contaminated by different 
microorganisms that predominate in the environment. 
The pulp is rich in carbohydrates, that serve as substrates for 
micro‑organisms during the fermentation process, and this key 
step, in the post-harvest processing, is generally performed in a 
traditional manner (Ardhana & Fleet, 2003; Camu et al., 2007, 
2008a, b; De Vuyst  et  al., 2010; Garcia-Armisen et  al., 2010; 
Jespersen et al., 2005; Nielsen et al., 2007; Papalexandratou et al., 
2011a, b, c.; Schwan & Wheals, 2004; Thompson et al., 2001; 
Wood & Lass, 2001).

This spontaneous phenomenon (fermentation) is carried 
out by the successive action of natural micro-organisms from 
the environment (Cruz et al., 2013). As a result of microbial 
action, the envelope pulp of cocoa beans is degraded, yielding 
metabolites as final products including alcohols and organic acids, 

which diffuse through the membrane and, in combination with 
increased temperature, promotes the death of the germ (embryo). 
These changes induce, in turn, a series of complex biochemical 
reactions inside and outside almonds, generating precursors 
(free amino acids, peptides and reducing sugars) flavor and 
cocoa flavor (Afoakwa et al., 2008; Beckett, 2009; Daniel et al., 
2009; De Vuyst et al., 2010; Fowler, 2009; Hansen et al., 1998; 
Schwan & Wheals, 2004; Thompson et al., 2013).

Currently, studies show that reactions which lead to the 
formation of cocoa flavor precursors are conducted by endogenous 
enzymes present in cocoa seeds (Afoakwa et al., 2008; Beckett, 
2009). However, at the same time, other researchers believe that 
enzymes derived from micro-organisms metabolism also have 
importance in the development of cocoa flavor precursors and 
therefore chocolate (Levanon & Rossetini, 2001).

Although the essential role of endogenous enzymes during 
fermentation has been evidenced many years ago, there is still a lack 
of systematic studies addressing the comparison between different 
cocoa cultivars (Hansen et al., 1998). It is known, however, that 
proteases, in order to carry out proteolysis, produces precursors 
(peptides and free amino acids) which together with reducing 
sugars, participate in Maillard reactions during roasting of the 
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beans, thereby contributing to the development of cocoa flavor 
and aroma (Huang & Barringer, 2010; Voigt et al., 1994a, b).

Studies have seeked to determine the influence of external 
factors on the cocoa fermentation process in order to reach better 
quality final products. (Camu et al., 2007, 2008a; Nielsen et al., 
2007; Schwan, 1998). However, one of the main difficulties in 
assessing differences between cocoa varieties comparatively is 
the lack of studies that used distinct materials subjected to the 
same fermentation protocols, drying and roasting (Bucheli et al., 
2000; Efraim et al., 2006).

Considering the above, this study aimed to determine the 
enzymatic activity of proteases (under predetermined conditions 
of temperature, pH and substrate concentration) and its 
isoenzymes in different fermentation times of two cocoa cultivars 
(PH-16 and TSH-1188) produced in the South of Bahia, Brazil, 
and to establish the microbial load related to mold and yeasts 
and aerobic mesophilic . It also has the purpose of expanding 
the scientific knowledge on proteolysis in cocoa fermentation 
so as to provide a basis for future technological interventions 
linked to enzymatic biotechnology, thereby contributing to the 
improvement of raw material quality in chocolate production.

2 Materials and methods
2.1 Material

Two cacoa cultivars were studied, PH 16 and TSH-1188, produced 
at Fazenda Lajedo do Ouro (S 14 ° 06 ‘15.2 “WO 39° 38’ 45.8”), 
in the south of the state of Bahia, Brazil. The material under 
study was donated by producers according to their availability 
in the period of the experiment.

2.2 Methods

Fermentation of cacoa cultivars (PH-16 and TSH-1188)

The fermentation was conducted in wooden troughs 
containing holes of 1.27 cm diameter to allow the flow of fluid 
produced during fermentation. The step of fermentation was 
monitored for seven days for the PH-16 cultivar and six days for 
the TSH-1188 .However, the revolvement of cocoa mass in the 
troughs was performed at different times for the two cultivars, 
the PH-16 was revolved every 48h and the TSH-1188 every 24h.

Sample collection

Samples were collected at different fermentation times until 
the end of the process for both cultivars (PH-16 and TSH-1188), 
a total of ten (10) samples for each cultivar.

Extraction of proteases from pulp and seeds

The proteases extraction was performed as described by 
Gomez et al. (1999) using 100 g cocoa beans, from which pulps 
were manually removed and then immersed in 0.1M Tris-HCl 
pH 7.5 buffer in the ratio 1:2 (w/v) and then triturated and 
homogenized at 4 °C. The homogenate was centrifuged at 4 °C 
for 10’ (Hitachi, model CR22GIII) at 20,000 × g. The supernatant 
(extract) was stored in a freezer at -18 °C until the completion of 
the partial purification. The seeds that were manually removed 
were lyophilized (Lyophilizer Liotop, Model L108) and then 

crushed and defatted with petroleum ether (Yusep et al., 2002), 
then treated with acetone as described by Hansen et al. (1998). 
After solvent evaporation, the powder of the treated seed was 
suspended in 0.2 M sodium phosphate buffer pH 7.5 at 4 °C in 
the ratio 1:5 (w/v) and homogenized with a magnetic stirrer 
at 4 °C for 30’. After mixing, the suspension was centrifuged at 
20,000 × g at 4 °C for 10’, and the supernatant reserved for the 
partial purification phase (Misnawi et al., 2002).

Partial purification of pulp and seeds proteases

Partial purification was performed according to Deuner et al. 
(2005) by adding ammonium sulfate [(NH4) 2SO4] (80% 
saturation) to the extracts slowly, with gentle stirring at 4 °C, 
followed by centrifugation at 20,000 x g 4 °C for 60’, reserving 
the precipitate. The pulp extracts were dialyzed for 24 h at 
4 °C against Tris-HCl buffer 0.01 M pH 7.5) and seed extracts 
were dialyzed for 48 h at 4 °C against sodium phosphate buffer 
0.2 M pH 7.5, cellulose membranes (43 mm) have been used 
for both, obtaining then, partially purified enzyme extracts 
(Silva et al., 2003).

Protease activity determination (Pulp and Seeds)

The proteases activity was determined by taking aliquots 
of 100 μL of the partially purified extract, by adding 100 μL of 
sodium phosphate buffer 0.1 M pH 5,7 (pulp) and sodium citrate 
buffer 0.1 M pH 3,1 (seed). To this mixture it was added 100 μL 
of substrate, then incubated at 50 °C (pulp) and 31 °C (seed) for 
the two cultivars for 30’. The reaction was stopped by adding 
500 μL of trichloroacetic acid (TCA) at 10%. Then centrifuged 
at 10,000 x g for 5’ and then added to the supernatant 200 μL 
of  NaOH 1.8 N. Reading was taken using a spectrophotometer 
(Biochrom, Model Libra S50) at 280nm. For quantification, an 
enzymatic unit was considered as the amount of enzyme required 
to increase the absorbance in 0,01. A control was used with the 
addition of TCA prior to sample incubation (Giongo, 2006).

Endoprotease activity determination (Pulp and Seeds)

To determine the endoprotease activity, aliquots of 500 μL 
of the partially purified extract were incubated at 45 °C for 30’ 
with a mixture containing 20mg of bovine albumin and 2.0 mL 
of phosphate buffer 0.2 M, pH 3.5. The reaction was stopped by 
adding 0.5 mL of TCA at 20%, then centrifuged at 10,000 × g 
for 15’ (Amin et al., 1998; Hansen et al., 1998). The amount of 
proteolytic products was determined by ninhydrin reaction, mixing 
400 μL of the supernatant with 400 μL of the ninhydrin reagent. 
The mixtures were incubated for 15’ (boiling water bath) and 
cooled in ice, then added 1 mL of ethanol (50%), quickly mixed, 
and the absorbance measured at 570 nm. An endoprotease unit 
was considered as the amount of enzyme required for releasing 
1 mmol of amino groups per minute. L-Leucine was used as the 
standard (Misnawi et al., 2002; Hansen et al., 1998).

Carboxipeptidase activity determination (Pulp and Seeds)

A solution of 1ml of the partially purified extract was 
incubated with Pepstatin A (10 μg/mL) solution for 1h in an ice 
bath for inhibiting endoprotease (Amin et al., 1998; Voigt et al., 
1994a). To an aliquot (0.5 mL) of this mixture, 0.5 mL of sodium 
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phosphate buffer was added, 0,2 M, pH 5,8 containing 5mM 
Z-Phe-Leu-OH as substrate. The mixture was incubated at 
45 °C for 30’, then the reaction was stopped by adding 0.5 mL 
of TCA solution at 20%, the tubes were kept for 15’ at room 
temperature and centrifuged at 10000 × g for 10’. The ninhydrin 
reaction was performed as described for the endoprotease 
and the activity calculated from a standard curve of leucine. 
One carboxypeptidase unit was considered as the amount of 
enzyme required to release one mmol of leucine per minute at 
pH 5.8 and 45 °C (Misnawi et al., 2002; Hansen et al., 1998).

Aminopeptidase activity determination (Pulp and Seeds)

Aminopeptidase was extracted by incubating 30mg of 
treated powder of seeds and pulp (lyophilized) with 60mg of 
polyvinylpolypyrrolidone, 1.8 mL of phosphate buffer, 0.1, M pH 
7.0 and 1% Triton X- 100 at 4 °C. The substrate was composed of 
200 mM leucine-p-nitroaniline (H-Leu-pNA) dissolved in dimethyl 
sulfoxide (DMS). The incubation mixture consisted of 890 μL 
phosphate buffer 0.1 M, pH 7.0, 1% Triton X-100, 100μl of the 
extract solution and 10 μL of 200 mM H-Leu-pNA. The reaction 
was performed for 30’ at 37 °C and the absorbance measured at 
405nm. The enzyme activity was measured in the supernatant 
after two ten-minute-centrifugation (10.000 to 20.000 × g). 
The enzymatic activity was calculated from a standard curve 
of leucine-p-nitroaniline (Hansen et al., 1998).

Protein content determination in the extracts (Pulp and 
Seeds)

Protein content was determined by the method of Lowry et al. 
(1951), and the values were used to calculate the specific 
enzymatic activity.

Molds, yeasts and aerobic mesophilic count determination

The methodology used was described by the American 
Public Health Association (Beuchat & Cousin, 2001).

Data analysis

All analyzes were performed with two replications in 
quadruplicates and the standard deviation of the data was 
obtained, except for the microbiological analyzes that were 
performed in duplicates.

3 Results and discussion
3.1 Extracts proteolytic determination (Pulp and Seeds)

The fermentation period for PH-16 cultivar was 7 days 
and 6 days for the TSH-1188 cultivar. Studies have shown that 
the time required for the seed fermentation varies according to 
the genetic material, but for the occurrence of major reactions 
that lead to the formation of the main precursors of flavor and 
cocoa flavor, seeds should be fermented for a period longer than 
five days, but not exceeding eight days (Beckett, 1994; Oetterer, 
2004). In Figure 1, protease activity behavior in pulp and seed 
of both cultivars can be seen.

The results show that protease activity in pulp and seeds from 
two cultivars kept increasing until 66h of fermentation, under 
controlled temperature conditions (50 °C/pulp and 31 °C/seed), 
amount of substrate (final solution containing 1.5 mg/mL bovine 
serum albumin for pulp and seeds) and pH (5.7 to 3.1 for pulp 
and seeds) previously determined (unpublished data), after 
which the activity decreased.

The increase in protease activity in the first days of 
fermentation is due to some factors, such as those described by 
Levanon & Rossetini (2001). The initial pulp conditions flavor 

Figure 1. Protease enzyme activity in pulp and cocoa beans. (A) Pulp cultivars PH-16 and TSH-1188; (B) Seed growing PH-16 and TSH-1188.
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the rapid establishment of yeasts to multiply rapidly in the first 
12 H persisting for a period of 24 to 36 h in cocoa fermentation 
(Ardhana & Fleet. 2003; Camu  et  al., 2007; Jespersen  et  al., 
2005; Nielsen et al., 2007, Thompson et al., 2001; Schwan & 
Wheals, 2004).

Studies demonstrate that yeasts convert pulp sugars into 
ethanol, and its presence inhibits the growth of yeasts, causing cell 
autolysis with consequent release of enzymes. Another important 
study that confirms the evidence of possible microbiotacelllysis 
present in cocoa beans was performed by Adeyeye et al. (2009).

In addition tomicrobial proteases, there are those which 
are inherent to cocoa beans (endogenous).These are activated 
after the cell disruption and acidification of the medium during 
fermentation. A minimum of 24 to 36h at temperatures below 
45 °C is required for proteolysis (Biehl & Passern, 1982).

In Figure  1A  and  1B, it is also possible to observe that 
proteases were more active in PH-16 cultivar with activity 
values ranging from 1.79 to 2.49 UE.mg protein-1 in the pulp 
and 1.37 1.73 UE.mg protein-1in the seed, while the TSH-1188 
cultivar ranged from 0.95 to 1.28 UE.mg protein-1 in the pulp 
and seeds from 0.57 to 0.81 UE.mg protein-1. This difference 
may arise from genotype variations and fermentation practices 
(Amin et al., 1997; Biehl et al., 1982; Luna et al, 2002; Taylor, 
2002; Taylor & Roberts, 2004).

The revolving for PH16 cultivar occurred every 48h and 
for the TSH-1188 cultivar every 24h, therefore, the anaerobic 
phase was higher in PH-16 cultivar, which possibly promoted a 
greater microorganisms (yeasts) multiplication and consequently, 
a higher production of enzymes. According to Varnam & 
Sutherland (1997), proteolytic enzymes are more active in 
anaerobic fermentation phase of cocoa beans. Protease microbial 
production follow specific conditions for each species, the 
medium used for fermentation, and it is subject to production 
differences (Abidi et al., 2008; Sandhya et al., 2005).

The maximum protease activity levels were achieved in 66h 
of fermentation (Figure 1A and 1B) for both cultivars, and the 

amounts at that time respectively 2.5 UE.mg protein-1 in the 
pulp and 1.7 UE.mg protein-1 in the seed for PH-16 cultivar 
and 1.3 UE.mg protein-1 in the pulp and 0.8 UE.mg protein-1 
in the seed for TSH-1188 cultivar.

The higher enzyme activity in PH-16cultivar will be possibly 
reflected in the proteases concentration and behavior due to 
numerous vital cellular processes in plants, such as protein 
maturation and proteolysis (Afoakwa et al., 2009; Guilloteau et al., 
2005; Sánchez-Mundo  et  al., 2010; Thompson  et  al., 2001; 
Voigt  et  al., 1994a, b). Further protein degradation in cocoa 
fermentation after 48h was found in a study conducted by 
Biehl et al. (1982).

The lowest protease activity in TSH-1188 cultivar in the 
pulp and seed, when compared to the PH-16 cultivar, can also 
be related to a smaller protein degradation and membrane 
characteristics, which affects the entry time of organic acids 
formed during fermentation, and as a result, delays enzymes 
activtion, occurring difference in the enzymatic activity in 
certain genotypes (Hansen et al., 2000).

In this study, results showed that protease activity potential in 
the pulp is greater than in the seed for the two cultivars, showing 
a marked presence of the enzyme in pulp. Aquarone et al. (2001) 
argue that fermentation in boxes is better because it allows certain 
physico-chemical changes (oxidation, activation of enzymes, etc.) 
in the pulp. The samples analyzed were fermented in wooden 
boxes in agreement with that described above. Therefore, the 
type of fermentation process contributes positively to a greater 
enzyme activity mainly in the pulp.

Despite similar proteases behavior of both cultivars in 
pulp and seed, the reduction of protease activity in the pulp of 
PH-16 cultivar after 156h of fermentation was, in percentage 
terms, 28.21%, (Figure 2A and 2B), when compared with the 
maximum activity recorded in 66h, whereas for the seed of same 
cultivar, the reduction was 20.47%. In relation to TSH-1188, 
an activity reduction of 25.78% in the pulp was found for 132h 
of fermentation, when compared with the maximum activity 

Figure 2. Percentage of reduction of enzymatic protease activity in pulp and cocoa seed. (A) PH-16 cultivar; (B) TSH-1188 cultivar.
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recorded, that was at 66h. As for the seed of the same cultivar, 
the reduction was 28.66%. In the case of exogenous proteases of 
microbial origin, the reduction of the activity potential is linked 
to a rapid deactivation process as well as to the biological and 
physico-chemical factors during fermentation (Janssen et al., 
1994; Maccheroni et al., 2004; Sanomiya & Nahas, 2003). Another 
very important study that explains the likely slowdown in the 
protease activity in this case of endogenous origin, was carried 
out by Hansen et al. (8:00 pm).

3.2 Molds, yeasts and aerobic mesophilic determination

The results shown in Table 1 demonstrate that there was 
an increase in molds and yeasts counting in the first 36h of 
fermentation for PH-16 cultivar, and in the first 24h for TSH‑1188, 
followed by a decrease in both cases.

With reference to aerobic mesophilic counting (Table 1), the 
results showed a counting increase beginning at 48h for PH-16 
cultivar, and at 36h for TSH-1188. The decrease in microbial 
load related to molds and yeasts followed by the increase of 
aerobic mesophilic counting for both cultivars coincides with 

the beginning of the revolving process (cocoa mass oxygenation 
in fermentation).

Studies have demonstrated the predominance of yeasts and 
molds in the early stages of fermentation (24-36h). However, with 
the production of alcohol by them and the aeration, death of the 
fungi occurs, allowing bacteria proliferation, which, in spite of 
being already present since the beginning of fermentation, only 
becomes dominant at that moment (Camu et al., 2007; Schwan 
& Wheals, 2004; De Vuyst et al., 2010).

3.3 Determination of isoenzyme extracts

The studied isoenzymes showed similar activity profiles in 
both cultivars (PH-16 and TSH-1188) both in pulp and seed, 
proving to be active throughout the entire cocoa fermentation 
process, despite showing a decrease in activity.

In regards to aminopeptidase (Figure  3A) the values of 
activity in PH-16 cultivarranged from 0.62 to 0.07 g-units 1 Dry 
degreased weight- PSD (pulp) and from 0.68 to 0.08 units g‑ 1PSD 
(seed) and in TSH-1188 cultivar from 0.64 to 0.07units g-1PSD 
(pulp) and from 0.68 to 0.068 g 1-PSD units (seed), a slight 

Figure 3. Isoenzymes activity in pulp and seed of two cocoa varieties. (A) Aminopeptidase; (B) Carboxypeptidase; (C) Endoprotease.
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difference in aminopeptidase activity and behavior in pulp and 
seeds of both cultivars. The activity values in this study decreased 
during the fermentation process, being in line with the report 
of Hansen et al. (1998) and Hansen et al. (2000).

Regarding carboxypeptidase activity (Figure  3B) for 
PH-16 cultivar, values between 0.68 and 0.07 g-1PSD units 
(pulp) between 0.64 and 0.07 g-1PSD units (seed) and for 
TSH-1188 cultivar 0.68 to 0.09 g-1PSD units (pulp) and 
0.62 to 0.06 g-1PSD units (seed) were shown, similar behavior 
for both cultivars and values differed little, despite a milder 
reduction in carboxypeptidase in relation to aminopeptidase. 
Hansen et al. (2000) also reports that carboxypeptidase is partially 
inactivated during fermentation. Another study by Hansen et al. 
(1998) demonstrates activity initial value below the value found 
in this study. However, enzyme inactivation was presented with 
final results closer to those found in this work.

As for endoprotease activity (Figure  3C), the results 
ranged from 1.94 to 0.51 g-1PSD units (pulp) and from 
2.46 to 0.59 g-1PSD units (seed) for cultivar PH-116 and from 
2.54 to 0.56 g-1PSD units (pulp) and from 2.96 to 0.61 g-1PSD 
units (seed) for the TSH-1188 cultivar. Therefore, higher activity 
values were obtained for TSH-1188 cultivar, thus demonstrating 
greater concentration of endoprotease enzyme in this cultivar. 
Hansen  et  al. (2000) report that endo glycosidases remain 
active throughout the cocoa fermentation process, displaying 
different stabilities, particularly with regards to inactivation, 
being therefore, more resistant to heat, to the presence of acids 
or action of polyphenols.

4 Conclusions
A difference was seen regarding proteases activity potential 

in both cultivars (PH-16 and TSH-1188) in pulp and seed, 
despite showing similar behavior with increasing activity up 
to 66 h of fermentation and subsequent decrease in enzyme 
activity. The activity increase y in the early days coincides with 
the period of microorganisms growth especially fungi and yeast 
(anaerobic stage).

Protease was more active in the pulp of PH-16 cultivar. 
Aminopeptidase and carboxypeptidase activity behavior 
was similar for both cultivars in the pulp and seed. However, 
endoprotease behavior was a bit different for TSH-1188 cultivar 
showing higher activity values for that cultivar, both in pulp 
and in seed. Results for molds, yeasts and aerobic mesophilic 
bacterium counting indicate that the period after the reduction 
of molds and yeast counting is consistent with the period of 
increased activity of proteases, thus enabling the production 
of these by those micro-organisms.
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