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Abstract

The physical characteristics of the cocoa bean, such as the percentage of testa and cotyledon, are directly
influenced by the post-harvest and fermentation conditions, which is essential for the evolution of its
organoleptic profile, since it directly influences the sensory and commercial quality. The objective was
to analyze the effect of a microbial consortium, enzymatic extract of grape and apple, together with
yeasts, on the physical and sensory characteristics of the grain during fermentation. For the statistical
analysis, a Trifactorial Completely Randomized Design (ABI) plus a control with two replications was
used. During the process, parameters such as temperature (26 °C — 48 °C), pH (3,78 to 5,55) and total
soluble solids (22 °Brix to 5 °Brix), indicators of active and efficient fermentation, were monitored. The
sensory analysis according to the INEN 176/2018 standard showed a 90% good fermentation and a
reduction of violet grains to 0 % — 1 %. The final humidity remained between 7 %and 8 %. In addition,
heavy metal residues were evaluated according to European regulation 1323/2021, with favorable results:
the sample of cocoa paste in the control presented 0,45 mg/kg and the T12 treatment, 0,35 mg/kg,
showing a reduction of 0,10 mg/kg. From an agroecological approach, the use of beneficial
microorganisms and natural extracts not only enhances the sensory quality of cocoa, but also promotes

sustainability, reduces synthetic inputs and strengthens the microbial biodiversity of the cocoa system.
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Introduction

Cocoa (Theobroma cacao L.) is one of the most emblematic and valued crops worldwide, both for its
economic impact and for its cultural and historical importance in various civilizations . It is grown
mainly in tropical regions of Africa, Asia and Latin America, where it is a key source of income for
millions of smallholder farmers 2. The growing global demand for quality chocolate has driven interest
in techniques that optimize the cultivation, post-harvest and transformation of the cocoa bean,

particularly in varieties with high added value.

In this context, Ecuador is positioned as one of the main exporting countries of fine aroma cocoa,
appreciated for its flavor and unique sensory characteristics. The province of Los Rios stands out as one
of the areas with the highest national production, thanks to its favorable agro-climatic conditions and the

adoption of high-yielding varieties such as Trinitario cocoa 3. This variety is the result of the
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hybridization between the Criollo and Forastero types, which gives it an ideal balance between

productivity, resistance and sensory quality.

Within the province, the Quevedo canton represents an important nucleus of Trinitario cocoa production.
Its strategic location, fertile soils and humid climate favor the development of this crop. However, despite
the production potential, the artisanal fermentation systems used in the area often fail to fully develop
the organoleptic profile of the grain, affecting the quality of the final product and its competitiveness in

specialized markets.

Fermentation is a critical stage in cocoa processing, as it directly affects the physical-chemical and
sensory properties of almonds. During this process, microbial activity transforms the compounds in the
cocoa pulp, generating aroma and flavor precursors that determine the quality of the chocolate 4. Poor
fermentation can result in beans with flat, bitter, or astringent flavors, while controlled fermentation can

significantly improve the sensory appreciation of the product.

In this sense, the addition of specific microorganisms during fermentation, such as yeasts of the genus
Saccharomyces, lactic acid bacteria (Lactobacillus), acetic bacteria (Acetobacter) and sporulated bacteria
(Bacillus), has proven to be an effective strategy to obtain almonds of higher sensory quality °. These
strains contribute to the uniform development of flavor and aroma, and allow a better regulation of the
fermentation process °. Likewise, the use of commercial yeasts, both dry and fresh, favors a more active
transformation of the sugars present in the cocoa pulp into ethanol and carbon dioxide, which generates
heat, accelerates the decomposition of the pulp and improves the action of acetic bacteria in the aerobic

phase.’

In addition, the incorporation of fruit extracts high in polyphenol oxidase such as apple or grape can
complement the process by enriching the fermentation medium with enzymes that promote the
breakdown of phenolic compounds. This not only intensifies the sensory profile of the bean, but also
reduces the time required to complete fermentation, which represents a technical and economic advantage

for producers. &°

In this context, it is essential to evaluate innovative strategies to optimize the cocoa fermentation process
and improve the final quality of almonds destined for the chocolate industry. Therefore, the present study
aimed to investigate the effect of the use of a microbial consortium, grape and apple extracts, and yeasts
on the fermentation process and on the physical and sensory properties of Trinitario cocoa almonds, in

order to optimize their quality and organoleptic profile.



Vol. 11 No. 2, 2026

B | O n atu ra https://revistabionatura.org/

International Journal of Biotechnology and Life Sciences

Materials and methods

Location

This research was carried out in the Province of Los Rios, Finca Don Amando Ganchozo Morales and
Dofia Hernestina Alvear Tigrero "La Carmelita”, which has an agroecological transition management
located in Rcto. Montoya of the rural parish of San Carlos in the canton of Quevedo, whose coordinates
are 1°0424.5" S and its 79°25'56.6" W, is located at 79 meters above sea level with an average

temperature of 26 °C, and 74 m above sea level.

Regarding the measurement of the physical variables, they were carried out with instruments belonging
to the Technical University of Manabi. Faculty of Zootechnical Sciences extension Chone, located in the
Province of Manabi of the city of Chone, its geographical coordinates 0°41'17.6" S 80°07'27.2" W with
Lat: - 0,0688273 and Long: - 80,124218 an altitude of 17 m a.s.l., with a temperature of 25,8 °C.

For the variable of heavy metals, the analysis was carried out at the AGRORUM Laboratory located in
the city of Guayaquil, CDLA. Kennedy, Av. San Jorge # 205 and 2nd West Street. Its geographical

coordinates are 2°10'37.9" S and 79°53'52.3" W, 6 meters above sea level with a temperature of 29 °C.
Research Design

In this research, a Trifactorial Completely Randomized Design (DCA) was used plus a control and 2
replications with a total of 24 objects of study, as the first factor is the bacterial consortium where two
levels were evaluated: 1,5 % and 3,0 %, that is, 30 ml and 60 ml of the solution per 2 000 g of fresh cocoa
almonds as a second factor, enzymatic fruit extract was added, in this case we used grapes and apples for
their Polyphenol oxidase content, the following percentage of 6,0 % grapes and 6,0 % apples was
evaluated, that is, 120 ml per 2 000 g of fresh cocoa almonds, and as a third factor, 4,0 % dry yeast was
added, 6,0 %, and 8,0 % i.e. 80 ml, 120 ml and 160 ml per 2 000 g of fresh cocoa almonds.

Factors and levels of study

For the processing of the experimental data, an analysis of variance, ANDEAVA, was used in order to
compare the means of the treatments, the statistical differentiation between treatments was determined
by Tukey's multiple range test with a significance level of 5 % (p < 0.05) the analysis was carried out

using the freely licensed statistical software InfoStat.
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The experimental factors considered and the levels established for each are detailed below, as shown in
Table 1.

Table 1. Factors and levels under study.

Factor Bacterial consortium Factor Enzymatic fruit extract Factor Yeast
Bacteria 1,5% Grape 6,0 % 4,0 %
Dry 6,0 %
3,0% Apple 6,0 % 8,0 %

Post-harvest process
Harvesting cocoa pods

The selected cocoa pods were harvested directly from the tree by hand, ensuring that they were healthy
and free of mechanical damage or visible diseases to ensure the homogeneity of the experimental
material. Only cobs that had maturity degrees 5 were selected, according to the technical criteria
established for the optimal harvest. This grade is characterized by a uniform change in external
coloration, easy opening of the fruit and natural separation of the almonds from the placenta, indicating

an ideal physiological state for fermentation processes.
Fermentation stage

Fermentation represents a fundamental stage in cocoa processing, as it allows fresh almonds to be
transformed into beans with the potential for the development of desirable organoleptic properties, such
as aroma, flavor and color characteristic of chocolate. During this phase, key biochemical reactions are
initiated that directly affect the final quality of the product. 1°

For the execution of this study, wooden microfermenter boxes were used, built with dimensions of 1,25
meters long, 75 cm wide and 10 cm high, with a total capacity of 48 kg of fermentative mass. These
boxes offer a controlled environment that simulates on a smaller scale the artisanal fermentation

conditions used by producers, but more accurately for experimental purposes. !

In each treatment, 2 kg of fresh cocoa beans with pulp were placed, which were evenly distributed inside
the corresponding box. It was ensured that the ears used were at the same degree of maturity (grade 5) to

guarantee the homogeneity of the enzymatic and microbial activity that occurs during the process. 2

Fermentation took place over a period of 4 days, during which time the beans were exposed to natural

biological processes and assisted according to the treatments defined in the experimental design. In this
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environment, yeasts, bacteria and other microorganisms began the degradation of the sugars present in
the cocoa pulp, generating metabolic compounds that penetrate the interior of the bean, modifying its

internal composition. 3

During this process, daily manual turning was carried out in order to guarantee a uniform oxygenation
of the fermentation mass, promote the development of aerobic microorganisms, avoid excessive heat
accumulation and allow a more homogeneous fermentation. The duration and conditions of the process
were determined based on previous studies that establish that in controlled fermentations. A period of 96

hours is sufficient to initiate the desirable changes in the almonds without the risk of over-fermentation.
13

Addition of application dose of microorganisms

In the initial stage of the fermentation process, a microbial consortium marketed under the name EM-1
(Effective Microorganisms) was applied, containing selected strains of beneficial microorganisms with
specific functions in fermentation and biotransformation processes. This product was applied on fresh
cocoa almonds, the doses used were 0 % (control), 1,5 % (30 ml) and 3 % (60 ml) diluted in sterile
distilled water. The EM-1 consortium is composed of viable microorganisms with probiotic and
enzymatic capacity, including Lactobacillus acidophilus, Azospirillum brasilense, Azotobacter

chroococcum, Saccharomyces cerevisiae, Rhizobium japonicum; its content contains Bacteria: [1.3x10

] A7 CFU/ml and Yeasts: [4,0x10] ~6 UPC/ml for yeasts.
Application of enzyme extract

For the elaboration of the enzymatic extract used during fermentation, solutions based on grapes (Vitis
vinifera) and apple (Malus domestica) were prepared separately, fruits selected for their high content of
natural enzymatic extract. In both cases, 4 pounds of fresh fruit were weighed, which were previously
washed and disinfected to ensure the hygiene of the process. Subsequently, each type of fruit was blended
independently with distilled water until a total volume of 4 liters per extract was reached, thus obtaining

homogeneous solutions of grapes and apples ready for application.

These solutions were incorporated into the experimental treatments at 3 levels, 0 %, control without
application 3 % equivalent to 60 ml and 6 % equivalent to 120 ml for every 2 kg of cocoa almonds. This

formulation allowed to evaluate the effect of fruit extracts as natural enzymatic agents during
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fermentation, especially in the degradation of the pulp and the generation of aroma and flavor precursors

in the cocoa bean. 1

Addition yeast application dose

During the initial stage of fermentation, commercial yeasts were incorporated as part of the experimental
treatments in order to evaluate their effect on the fermentation process of fresh cocoa, the doses used
were 0 %, control 4 % equivalent to 80 ml and 8 % equivalent to 160 ml. For its preparation, yeasts were
used in dry and wet presentations, which were previously diluted in distilled water to facilitate their
activation and homogenize their application on the almonds. In both cases, a total volume of 2 liters of
distilled water per type of yeast was used, within which the corresponding amounts were dissolved,

according to the treatment assigned.

This solution was applied directly to 2 kg of fresh almonds per treatment, ensuring an even distribution
of the preparation. The controlled addition of yeasts sought to reinforce the natural microbial activity of
cocoa during fermentation. Promoting the production of essential metabolites for the development of
aroma and flavor, as well as greater uniformity of the transformation of the mucilage attached to the

grain.
pH

During the fermentation process, the pH variable was evaluated, for which 5 grams of cocoa almond
sample were taken, crushed and 10 ml of distilled water was added. This preparation was used for the

measurement of the variable with the help of a potentiometer. 3

Total Soluble Solids (TSS)

The total soluble solids (°Brix) were taken during the five days of fermentation process, for the
determination 5 grams of cocoa almonds were used randomly, and to dilute 5 ml of distilled water at 40
°C was used, 2 drops were applied in the refractometer, to take a reading it was left to rest for a minute

and then the data was written down . 4

Temperature

A punch thermometer was used to record the data of the temperature variable, during the days of

fermentation, with the aim of keeping it in a range that does not exceed 50 °C. °
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Drying

Within the post-harvest process, the drying of cocoa almonds is a critical step to preserve the quality of
the bean and consolidate the development of the compounds responsible for the characteristic aroma and
flavor of fermented cocoa. In this research, drying was carried out under conditions of direct sun

exposure, using wooden trays with mesh bottoms that allowed adequate air circulation around the grains.

The almonds were spread in a single layer to avoid moisture retention and were kept dry for a period of
7 continuous days, during the day with average ambient temperatures of 32 °C. During this time, the
almonds were manually turned every 2 hours from 8:00 am to 16:00 pm in order to ensure homogeneous
drying, prevent unwanted residual fermentations and avoid the appearance of fungi or defects on the
surface of the grain. These controlled conditions allowed the moisture content to be progressively

reduced to levels below 7 % considered optimal for grain conservation and subsequent storage.

Percentage of head and cotyledon

To determine this variable, 30 grams of dried and fermented cocoa almonds were randomly selected,

using the following formula. *°
Equation 1. Determination of the test and cotyledon

% de testq = (Peso de la testa) 100
ocetesta= Peso de 30 gramos de cacao X

Grain storage

The almonds were stored in paper bags in a cool space whose internal moisture of the kernels exiled in a 7-8 %,

to preserve the physical quality of the cocoa beans (3).
Variables studied
Corn Index

This variable refers to the number of ears needed (20 ears) to obtain 1 kg of dried cocoa, the harvest according to

the treatments and the stages of maturity was determined by the following formula (7).
Equation 2. Corn Index

Numero de mazorcas

IM = x 1000

peso en gramos de las almendras secas
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Physical quality of cocoa almonds
Seed Index

100 fermented and dried cocoa beans were taken at random, which also had to be weighed on an analytical scale
to calculate the percentage in grams. This procedure was performed prior to the cut-off test, using the following

formula for this calculation: 16

Equation 3. Seed Index

G Peso(g)100 semillas
B 100

Cut Test

100 cocoa beans were randomly selected, weighed on a precision analytical scale, and a cross-section was made
to visually check their classification, either as well fermented, moderately fermented, violet, slate, total well
fermented and medium fermented. In this way, the effect of fermentation was evaluated through the application of

a microbial consortium, fruit extract and yeasts, following the guidelines of the INEN 176 Standard. %/
Volume of cocoa almonds in 100 grams

Random samples were taken from the respective samples of cocoa almonds, which were weighed on a scale until

100 grams were obtained, then the number of cocoa almonds that had completed the 100 grams was recorded (7).
Humidity

After drying, the humidity percentage, which varies between 7 % and 8 %, was measured using a portable
hygrometer (AGRATRONIX). To perform the measurement, the electrode must be connected to the socket and
placed in contact with the cocoa almonds, using approximately 8 almonds needed for the sample. Press the white
measuring button and read the value on the scale; at the end, the white button of the hygrometer must be released

and the procedure repeated according to the treatments and repetitions, in accordance with the INEN 173 standard.

18,19

Sensory analysis

To carry out the sensory analysis, he did make cocoa paste from each of the 12 treatments carried out. The samples
were carefully melted in a water bath to preserve their aromatic compounds and 5 g portions were served in coded

glasses.

The evaluation was carried out by a panel of 10 semi-trained judges previously familiar with the sensory profile

of cocoa, each of them evaluated the samples following a structured tasting guide that included parameters such



Vol. 11 No. 2, 2026

B | O n atu ra https://revistabionatura.org/

International Journal of Biotechnology and Life Sciences

as aroma, flavor, acidity, bitterness, astringency, persistence and general balance. This procedure allowed reliable

and consistent results to be obtained, accurately reflecting the sensory differences between treatments.
Heavy Metal (Cadmium) Analysis

This analysis was performed exclusively in the control treatment and in the treatment that presented the best
microbial induction according to the physical parameters of grain quality was treatment 12. These analyses were
performed on the paste as well as on the cocoa husk, in order to compare the distribution of the metal in both
reactions of the bean European Commission 2. To this end, a representative sample was sent to the AGRORUM

certified laboratory.

Results
Temperature variation in cocoa fermentation

The temperature values recorded during cocoa fermentation showed significant differences according to the

application of microorganisms, enzymatic extract and yeasts, recorded in Table 2.

The increase in temperature during fermentation is a key factor for the degradation of precursor compounds of the
aroma and flavor of cocoa. According to Greengreen (2021), the microbial activity in cocoa fermentation generates
heat as a result of aerobic and anaerobic metabolism, which favors the development of desirable sensory
characteristics. The results obtained in this study coincide with their findings, since treatments with a greater

presence of enzymatic extract and yeasts reached higher temperatures, suggesting greater biological activity.

In addition, the studies of Roser et al., 22 highlight that the thermal increase during fermentation is related to the
proliferation of yeasts and lactic acid bacteria, which transform the mucilage compounds and generate ethanol,
acids and heat. In this sense, the treatments with high concentrations of yeasts in the present study could have

stimulated this activity, favoring a more efficient fermentation process.

According to NUfiez et al., 2 point out that an optimal temperature during fermentation ranges from 40 °C to 45
°C, as lower temperatures can slow down the degradation of sugars and the generation of aromatic compounds,
while excessive temperatures can affect the viability of beneficial microorganisms. In this study, treatments with
3,0% enzyme extract and 6,0 % - 8,0 % yeasts reached these ranges, suggesting that their application may optimize

the development of desirable sensory profiles in fermented cacao.

10
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Table 2. Temperature during the cocoa fermentation process (Theobroma cacao L.)

Factor Variable Temperature

Treat Description 24 hours 48 hours 72 hours 96 hours
1 15%CB +6.0% EEUv + 4.0 % LEVS 32 e 36 e 37 e 39 e
2 15%CB +6.0% EEUv + 6.0 % LEVS 35 d 36 d 38 d 39 d
3 15%CB +6.0% EEUv + 8.0 % LEVS 35 d 3% d 37 d 39 d
4 15%CB +6.0% EEUv + 4.0 % LEVS 35 d 38 ¢ 40 c 41 c
5 15%CB +6.0% EEUv + 6.0 % LEVS 38 c 39 ¢ 41 b 41 c
6 15%CB +6.0% EEUv + 8.0 % LEVS 39 b 41 b 41 b 44 a
7 3.0% CB + 6.0 % EEMz + 4.0 % LEVS 32 e 36 e 38 e 40 e
8 3.0% CB + 6.0 % EEMz + 6.0 % LEVS 36 d 36 d 37 e 39 e
9 3.0% CB + 6.0% EEMz +8.0% LEVS 36 d 39 ¢ 41 b 39 d
10 3.0%CB +6.0% EEMz + 4.0 % LEVS 37 c 39 ¢ 41 b 41 c
11 3.0% CB + 6.0 % EEMz + 6.0 % LEVS 39 b 42 a 44 a 48 a
12 3.0% CB + 6.0% EEMz + 8.0% LEVS 39 b 43 a 44 a 48 a

EEM + 0,17 0,11 0,42 0,41

CV (%) 0,21 0,12 0,02 0,11

* Means with different letters show statistically significant differences from each other, according to Tukey's test
(P<0.05).

*EEM- Standard error of the mean, CV= Coefficient of variation, CB= Bacterial Consortium, EEUv= Enzymatic
Grape Extract, EEMz = Enzymatic Apple Extract, LEVS= Dry Yeast

Influence of cocoa fermentation on total soluble solids

During the fermentation process, a progressive decrease in total soluble solids (TSS) values was observed in all

treatments, indicated in Table 3.

In the initial phase, the values were similar, with an average of 22,00 °Brix in what are total soluble solids. As
fermentation progressed, treatments with higher concentrations of yeasts and enzymatic extract showed a more

accelerated reduction in soluble solids, reaching the lowest values at the end of the process.

The reduction in total soluble solids (°Brix) during fermentation is a key indicator of sugar consumption by
microorganisms. According to Intriago et al.,?* the activity of yeasts such as Saccharomyces cerevisiae is
responsible for the conversion of simple sugars into ethanol and organic acids, which significantly reduces the
values of soluble solids in the cocoa pulp. In this study, treatments with higher concentrations of yeast and enzyme

extract showed a faster decrease in total soluble solids, indicating a more active metabolism.

In addition, the findings coincide with the results obtained by Rodriguez et al., ® who state that the enzymatic

activity of yeasts and lactic acid bacteria is essential for the breakdown of carbohydrates present in cocoa pulp.

11



Vol. 11 No. 2, 2026

B | O n atu ra https://revistabionatura.org/

International Journal of Biotechnology and Life Sciences

The more accelerated reduction in enzymatic extract and yeast treatments suggests that these compounds facilitated

the conversion of sugars into fermentative products, accelerating mucilage degradation.

Likewise, Alvarado et al., & highlighted that the decrease in total soluble solids values is associated with the
efficiency of the fermentation process and the quality of cocoa. In their study, high temperatures and controlled
fermentation with the addition of yeasts and enzymatic extract favored the rapid reduction of sugars, improving
the development of aroma and flavor precursors. In the present study, treatments with a greater reduction in total
soluble solids were also those that reached higher temperatures, suggesting a relationship between these two factors

in fermentation dynamics.

Table 3. Total Soluble Solids during the cocoa fermentation process (Theobroma cacao L.)

Factor Variable SST (°Brix)
Trat. Description 0 Hours 24 Hours 48 Hours 72 Hours 96Hours
1 1.5% CB + 6.0 % EEUv + 4.0 % LEVS 22,00 aa 18,00 a 16,00 a 15,00 a 12,00 a
2 1.5% CB + 6.0 % EEUv + 6.0 % LEVS 21,00 a 18,00 a 15,00 b 14,00 b 10,00 b
3 1.5% CB + 6.0 % EEUv + 8.0 % LEVS 22,00 a 17,00 b 14,00 c 1300 b 10,00 b
4 1.5% CB + 6.0 % EEUv + 4.0 % LEVS 22,00 a 18,00 a 14,00 c 13,00 b 10,00 b
5 1.5% CB + 6.0 % EEUv + 6.0 % LEVS 22,00 a 15,00 e 12,00 e 11,00 c¢ 9,00 b
6 1.5% CB + 6.0 % EEUv + 8.0 % LEVS 22,00 a 14,00 f 13,00 d 10,00 c¢ 7,00 d
7 3.0% CB + 6.0 % EEMz + 4.0 % LEVS 22,00 a 18,00 a 15,00 b 14,00 b 11,00 a
8 3.0% CB + 6.0 % EEMz + 6.0 % LEVS 21,00 a 17,00 b 15,00 b 13,00 b 11,00 a
9 3.0% CB + 6.0% EEMz +8.0% LEVS 22,00 a 17,00 b 12,00 e 13,00 b 11,00 a
10 3.0% CB + 6.0 % EEMz + 4.0 % LEVS 22,00 a 16,00 c 12,00 e 10,00 c 8,00 c
11 3.0% CB + 6.0 % EEMz + 6.0 % LEVS 22,00 a 14,00 f 11,00 f 9,00 c 7,00 d
12 3.0% CB + 6.0% EEMz + 8.0% LEVS 22,00 a 14,00 f 10,00 g 8,00 d 5,00 d
EEM + 0,33 0,16 0,28 0,41 0,27
CV (%) 4,29 0,21 0,12 0,02 0,11

* Averages with different letters show statistically significant differences from each other, according to Tukey's
test P<0.05).

EEM- Standard error of the mean, CV= Coefficient of variation, CB= Bacterial Consortium,
EEUv = Enzymatic Grape Extract, EEMz = Enzymatic Apple Extract, LEVS= Dried Yeast
pH variation on cocoa fermentation

Initially, the values ranged between 3,78 and 3,90, with little marked differences between treatments. However,
as the process progressed, a significant increase in pH values was evidenced, especially in those treatments that

included higher concentrations of bacterial consortium, enzyme extract and yeast.

During the process, a progressive increase in pH values was observed in all treatments, as can be seen in Table 4.

12
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The progressive increase in pH is an expected phenomenon in these processes, since microorganisms generate
basic compounds that neutralize the acids initially present. According to Portillo et al. 25, the activity of yeasts and
lactic acid bacteria plays a fundamental role in pH variation, as they convert organic acids into less acidic
compounds as the process progresses Vera et al.?6. This behavior is consistent with the values observed in

treatments with higher concentrations of yeasts, where the final pH reached levels above 5,50.

Additionally, Abreu et al.® pointed out that the increase in pH is associated with the intensity of the process,
highlighting that higher levels of this parameter may be related to greater microbial activity and better conditions
for the transformation of the compounds present . In this context, the results obtained show that the treatments
with the highest content of yeast and enzymatic extract were the ones that reached the highest pH values, which
agrees with the literature and confirms that these variables influence the dynamics of the process, the use of the
bacterial consortium and enzymatic extract can significantly modify this parameter, with possible implications for

the quality and final characteristics of the process.

Table 4. pH during the cocoa fermentation process (Theobroma cacao L)

Factor Variable pH

Tratt Description 0 Hours 24 Hours 48 Hours 72 Hours 96Hours
1 1.5% CB + 6.0 % EEUv + 4.0 % LEVS 3,88 a 4,00 b 425 b 435 b 4,54 b
2 1.5% CB +6.0 % EEUv + 6.0 % LEVS 3,85 a 4,00 b 441 b 455 b 4,61 b
3 1.5%CB +6.0 % EEUv + 8.0 % LEVS 3,78 a 4,00 b 4,44 b 452 b 4,61 b
4 1.5%CB +6.0 % EEUv + 4.0 % LEVS 3,88 a 437 b 4,45 b 455 b 4,62 b
5 1.5%CB +6.0 % EEUv + 6.0 % LEVS 3,90 a 476 c 4,54 b 4,63 bc 5,52 c
6 1.5%CB +6.0 % EEUv + 8.0 % LEVS 3,90 a 4,00 b 4,55 b 4,65 bc 5,55 c
7 3.0%CB+6.0% EEMz +4.0% LEVS 3,88 a 4,00 b 4,31 b 434 b 4,42 b
8 3.0% CB + 6.0 % EEMz + 6.0 % LEVS 3,87 a 4,00 b 4,46 b 451 b 4,67 bc
9 3.0% CB + 6.0% EEMz +8.0% LEVS 3,87 a 4,25 b 4,44 b 452 b 4,60 b
10 3.0% CB + 6.0 % EEMz + 4.0 % LEVS 3,80 a 454 b 4,55 b 456 bc 5,01 c
11 3.0% CB + 6.0 % EEMz + 6.0 % LEVS 3,80 a 4,79 c 4,94 c 512 c 5,52 c
12 3.0% CB + 6.0% EEMz + 8.0% LEVS 3,82 a 490 c 5,17 c 522 c 5,60 ¢

EEM x 1,21 0,76 1,14 0,81 0,77

CV (%) 2,49 0,41 0,03 0,19 0,17

*Averages with different letters show statistically significant differences from each other, according to Tukey's
test P < 0.05).

EEM- Standard error of the mean, CV= Coefficient of variation, CB= Bacterial Consortium,

EEUv = Enzymatic Grape Extract, EEMz = Enzymatic Apple Extract, LEVS= Dried Yeast
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Physical characteristics in cocoa almonds with induction of fermentation

The results show significant variations in the cut-off test depending on the proposed treatments, shown in Table
5.

The shear test is a fundamental method for evaluating the quality of the process, as it allows the degree of
transformation of the product to be identified. According to Sanchez et al 15, the variation in the shear test is
influenced by microbial activity, temperature, and fermentation time, factors that directly affect the degradation
of compounds and the conversion of flavor and aroma precursors Teneda et al 7 In this sense, treatments with
higher concentrations of yeasts and enzymatic extract showed a higher proportion of good fermentation and a

significant reduction of violet grains, suggesting that these factors optimize the transformation of the product.

Finally, according to Pargon 28, humidity is a determining factor in the final quality of the product, as it affects
stability and conservation. In this study, the humidity values were kept within an adequate range, suggesting that
the applied process allowed efficient control of this parameter. These findings show the importance of the

combination of factors in the optimization of the process, showing that the addition of microorganisms and

enzymatic extract can significantly improve the quality of the final product.

Table 5. Physical characteristics in cocoa almonds (Theobroma cacao L.)

Factor Cut Test

o %Cotyle Good ) Medium . ) Humidi
Treat. Description %Testa don Fermentati Fermentati Violets ty

on on

1 15%CB +6.0% EEUv +4.0 % LEVS 20,00 b 80,00 b 5,00 c 70,00 d 25,00 a 787 a
2 1.5% CB +6.0 % EEUv + 6.0 % LEVS 10,00 d 90,00 a 0,00 ¢ 70,00 d 30,00 b 791 b
3 1.5% CB +6.0 % EEUv + 8.0 % LEVS 10,00 d 90,00 a 25,00 b 75,00 d 0,00 c713 b
4 1.5% CB +6.0 % EEUv + 4.0 % LEVS 16,67 ¢ 8333 b 500 ¢ 70,00 d 25,00 a725 b
5 1.5% CB +6.0 % EEUv + 6.0 % LEVS 13,33 ¢ 86,67 b 77,00 d 16,00 a 7,00 c 705 b
6 1.5% CB + 6.0 % EEUv + 8.0 % LEVS 13,33 ¢ 86,67 b 82,00 d 14,00 a 4,00 c 700 b
7 3.0% CB + 6.0 % EEMz + 4.0 % LEVS 2333 a 76,67 ¢ 10,00 a 60,00 d 30,00 b 800 a
8 3.0% CB + 6.0 % EEMz + 6.0 % LEVS 10,00 d 90,00 a 25,00 b 70,00 d 20,00 b 7,77 b
9 3.0% CB + 6.0% EEMz +8.0% LEVS 10,00 d 90,00 a 25,00 b 50,00 c 25,00 b 710 b
10 3.0% CB + 6.0 % EEMz + 4.0 % LEVS 16,67 c 83,33 b 25,00 b 55,00 c 20,00 b 707 b
11 3.0% CB + 6.0 % EEMz + 6.0 % LEVS 13,33 c 86,67 b 90,00 a 9,00 c 1,00 d 703 b
12 3.0% CB + 6.0% EEMz + 8.0% LEVS 13,33 c 86,67 b 89,00 a 11,00 c 0,00 d 700 b

EEM + 0,13 0,30 0,32 0,76 0,17 0,19

CV (%) 4,16 1,03 0,85 0,75 0,58 2,81

* Averages with different letters show statistically significant differences from each other, according to Tukey's
test P < 0,05).
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EEM- Standard error of the mean, CV= Coefficient of variation, CB= Bacterial Consortium,
EEUv = Enzymatic Grape Extract, EEMz = Enzymatic Apple Extract, LEVS= Dried Yeast
Fermentative influence on the sensory characteristics of cocoa paste

The results of the sensory analysis of the cocoa paste show significant differences between the treatments

evaluated, as can be seen in Table 6.

Regarding aroma, the highest values were found in the T6 treatments with 1,5 % microbial consortium, 6,0 %
enzymatic grape extract and 8,0 % dry yeast and the T11 and T12 treatments with 3,0 % microbial consortium,
6,0 % apple enzymatic extract and 6,0 and 8,0 % dry yeast reaching scores of up to 5,00 while the treatments

without the addition of these factors presented lower values, around 3,00.

Sensory analysis is a key tool for assessing the quality of fermented and processed cocoa. According to Intriago
et al 2%, fermentation influences the formation of volatile compounds and flavor precursors, which explains the
differences in aroma, intensity, and bitterness between treatments. The results obtained confirm this relationship,
since treatments with higher concentrations of microorganisms and enzymatic extract showed improved sensory

profiles.

In addition, Reynerl and Loor %, they note that the microbial composition during fermentation modulates the color
profile and the formation of key metabolites in the sensory quality of cocoa. In this study, treatments with greater
addition of yeasts and enzymatic extract presented more intense colors and greater acceptability in terms of
attributes such as aroma intensity and flavor, which supports the influence of these factors on the final quality of
the product. The importance of fermentation control and the addition of microorganisms to improve the sensory

properties of the cocoa paste, allowing for more pleasing and consistent profiles in the final product.

Table 6. Sensory analysis of cocoa paste (Theobroma cacao L.)

Factor Sensory analysis

Treat. Description Aroma Acidity Bitterness Cocoa  Nuts Floral Int. of taste Color

1 1.5% CB + 6.0 % EEUv + 4.0 % LEVS 300 ¢ 300 a 456 b 250 b 100 ¢ 300 b 3,00 b 360 b
2 1.5% CB + 6.0 % EEUv + 6.0 % LEVS 328 ¢ 200 a 300 b 300 a 300 b 450 b 5,00 a 420 b
3 1.5% CB + 6.0 % EEUv + 8.0 % LEVS 392 ¢ 200 b 400 b 300 a 440 b 300 b 4,00 b 400 b
4 1.5% CB + 6.0 % EEUv + 4.0 % LEVS 328 ¢ 075 a 400 a 300 a 200 c¢ 250 c 272 c 340 b
5 1.5% CB + 6.0 % EEUv + 6.0 % LEVS 420 b 100 b 500 a 480 a 500 a 500 a 5,00 a 500 a
6 1.5%CB + 6.0 % EEUv + 8.0 % LEVS 500 a 1,00 c 500 a 492 a 475 b 480 b 450 a 500 a
7 3.0% CB + 6.0 % EEMz + 4.0 % LEVS 328 ¢ 200 b 300 b 300 a 300 b 300 b 200 c 450 a
8 3.0% CB + 6.0 % EEMz + 6.0 % LEVS 380 ¢ 200 b 400 b 300 b 440 b 3,00 b 4,00 b 400 b
9 3.0% CB + 6.0% EEMz +8.0% LEVS 350 ¢ 0,75 a 400 a 300 a 200 ¢ 250 c 250 c 340 b
10 3.0%CB +6.0% EEMz + 4.0 % LEVS 420 b 050 b 500 a 480 a 500 a 500 a 5,00 a 500 a
11 3.0% CB + 6.0 % EEMz + 6.0 % LEVS 500 a 050 c 500 a 492 a 400 b 480 b 4,50 a 500 a
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12 3.0% CB + 6.0% EEMz + 8.0% LEVS 500 a 050 c 500 a 500 a 500 a 450 b 450 a 500 a
EEM 0,04 0,02 0,02 0,04 0,05 0,04 0,04 0,05
CV (%) 5,67 4,33 3,50 7,72 10,57 6,37 5,66 9,09

* Means with different letters show statistically significant differences from each other, according to Tukey's test
(P <0,05).

EEM- Standard error of the mean, CV= Coefficient of variation, CB= Bacterial Consortium,
Int. Intensity, EEUv= Enzymatic Grape Extract, EEMz = Enzymatic Apple Extract, LEVS= Dried Yeast
Cadmium content under the effect of fermentation on the testa and cocoa paste

According to the control treatment (T1), the cadmium content in the cocoa paste was 0,45 mg/kg, while in the
treatment with bacterial consortium induction, enzyme extract, and yeast (T12), this concentration decreased to
0,35 mg/kg, reflecting a significant improvement in cadmium reduction. Regarding the almond shell, a slight
decrease in cadmium content was also observed, going from 0,71 mg/kg in the control (T1) to 0,69 mg/kg in the
treatment with microorganisms and enzyme extract (T12). These values were compared with the limits established
in Regulation (EC) No 1323/2021 of the European Union, which regulates the maximum levels of cadmium in
cocoa products, ensuring that the concentration of this heavy metal is within safe parameters for human

consumption, as can be seen in Figure 1.

The reduction of cadmium content in cocoa paste after the application of the bacterial consortium and enzymatic
extract may be related to the ability of certain microorganisms to bioadsorb heavy metals or alter their mobility in
the bean during fermentation. According to Santander et al 3, various microorganisms have the ability to
immobilize heavy metals through biosorption or bioaccumulation processes, which reduces their availability in

fermented products.

In addition, Chancay et al 2 they reported that fermentation with specific yeasts and enzyme extracts can modify
the chemical composition of the bean, promoting the formation of cadmium complexes and facilitating their
elimination in the mucilage or in the head of cocoa almonds, Batallas et al 2. This is consistent with the results

obtained, where a greater reduction of cadmium in the paste was observed compared to the testa.

On the other hand, Furcal and Torres 3 they indicated that the reduction of cadmium in cocoa products may be
due to the interaction between the acidity generated during fermentation and the solubility of the metal, promoting

its leaching or precipitation in less bioavailable forms. 27

16



Vol. 11 No. 2, 2026

B | O n atu ra https://revistabionatura.org/

International Journal of Biotechnology and Life Sciences

Cadmium analysis
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Figure 1. Cadmium heavy metal analysis.

Conclusions

Treatments with high concentrations of bacterial consortia, yeasts and fruit extracts significantly
improved the physical characteristics of cocoa during fermentation, optimizing bean quality, reducing

violets and controlling humidity.

The treatment with a higher concentration of bacterial consortium and dry yeast improved attributes such
as aroma, bitter taste and color. Another treatment with lower concentrations achieved balanced sensory

development.

In addition, a slight reduction of cadmium was observed in the cocoa paste and testa, indicating that the
additives contribute to the improvement of product safety.
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