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Abstract

Cocoa fermentation generates significant residues, offering a valuable opportunity for sustainable utilization. In this study, these
residues were evaluated as a support medium for freeze-drying Candida tropicalis, a yeast strain known to enhance the cocoa
fermentation process. By integrating Candida tropicalis into fermentation, the degradation of cocoa pulp can be accelerated,
improving aeration and reducing cotyledon acidity—factors that contribute to better cocoa quality. To explore this potential,
cocoa pulp juice (1: 2) and cocoa pod flour were tested as support media for the freeze-drying of Candida tropicalis. The viability
of the yeast post freeze-drying was assessed, with saccharose used as a control for comparison. Additionally, enzyme activity was
evaluated to confirm the functional preservation of the yeast. The results showed survival rates of 72.70 +0.56% when cocoa
pulp juice was combined with cocoa pod flour and 69.64 £0.52% when cocoa pulp juice was used alone. These survival rates are
comparable to those achieved with saccharose, a conventional support material, indicating that cocoa residues can effectively
support the freeze-drying process of Candida tropicalis. Cocoa residues thus present a cost-effective and environmentally
friendly option for the freeze-drying of Candida tropicalis, with potential to enhance the overall quality of chocolate. Future
research could focus on scaling up this method and optimizing conditions for larger-scale applications in the cocoa industry,
further contributing to sustainable agricultural practices.
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1. Introduction

Cocoa fermentation is a critical step in chocolate produc-
tion, relying on the spontaneous activity of indigenous mi-
croorganisms, including yeasts, to convert the pulp into the
final product [1]. However, this process generates large
quantities of by-products, such as cocoa pod shells, cocoa
liquor, and cocoa bean shells, which often accumulate as

waste, contributing to environmental pollution [2, 3]. Despite
being discarded, these residues are rich in fiber, carbohydrates,
lignin, proteins, and minerals, highlighting their potential for
repurposing in various applications [4]. Therefore, finding
sustainable and innovative uses for cocoa residues is impera-
tive to reduce waste and environmental impact within the

“Corresponding author: obouvictoria@gmail.com (Victoria Kadet)

Received: 9 July 2024; Accepted: 2 September 2024; Published: 26 September 2024

@ Copyright: © The Author(s), 2024. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/jfns
http://www.sciencepg.com/journal/154/archive/1541205
http://www.sciencepg.com/
https://orcid.org/0009-0004-7428-3856
https://orcid.org/0009-0004-0801-0366
https://orcid.org/0009-0004-7428-3856
https://orcid.org/0009-0004-0801-0366
https://orcid.org/0009-0004-7428-3856
https://orcid.org/0009-0004-0801-0366
https://orcid.org/0009-0004-7428-3856
https://orcid.org/0009-0004-0801-0366

Journal of Food and Nutrition Sciences

http://www.sciencepg.com/journal/jfns

cocoa industry.

One approach to improving the cocoa fermentation process
is the use of lyophilized (freeze-dried) starter cultures, par-
ticularly yeasts, to control fermentation. Controlled fermen-
tation with specific yeast strains like Candida tropicalis has
been shown to enhance the quality and consistency of cocoa
by optimizing pulp degradation and reducing acidity, leading
to improved chocolate flavor profiles [5]. Freeze-drying is
widely recognized for its ability to preserve microbial cells for
extended periods while maintaining high cell viability [6].
However, the freeze-drying process can also cause damage to
cells due to freezing and dehydration stresses, necessitating
the use of protective substances, such as carbohydrates and
proteins, to enhance cell survival [7, 8].

While various additives like sugars, polyols, proteins, and
antioxidants have been tested as protective agents during
freeze-drying, the potential of cocoa residues as a support me-
dium for preserving starter cultures remains unexplored. This
presents an opportunity to investigate whether cocoa residues,
which are naturally abundant in the fermentation process, could
serve as an effective and eco-friendly alternative to conven-
tional protective agents used during freeze-drying.

The aim of this study is to evaluate the potential of cocoa
residues, specifically cocoa pod shells and cocoa pulp juice,
as support media for the lyophilization of Candida tropicalis
starter strains.

2. Material and Methods

2.1. Material

The starter yeast isolate (D5P12) used in this study was
isolated from fermenting cocoa from Cote d’Ivoire [9]. The
isolate was stored at -60<C in YPG broth (1% yeast, 1%
peptone, 1% glucose) with added glycerol in the Laboratory.

2.2. Methods

2.2.1. Molecular ldentification of the Yeast Isolate
(D5P12)

The method consisted of amplifying by PCR and se-
quencing D1/D2 domain of 5.8 S rDNA.

(i). Extraction of Yeast Genomic DNA

The extraction of the yeast genomic DNA was done using
the phenol/chloroform method by Hoffman [10] with modi-
fications. An isolated yeast colony was used to inoculate 2 mL
of YPG culture medium (1% peptone, 1% yeast extract, and 2%
glucose). The cell culture was incubated at 30 <C for 48 h with
shaking at 180 rpm. The cultures were then transferred into
screw-cap Eppendorf tubes, and the cell culture was subse-
quently centrifuged at 13,000 rpm for 1 min. The cell pellet
was resuspended in 500 pi of distilled water, and the cell
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suspension was centrifuged for 1 minute at 13,000 rpm. A
quantity of 0.3 g of glass microbeads was added to the cell
pellet with 200 L of lysis buffer (2% triton X-100, 1% SDS,
100 mM NaCl, 10 mM Tris-HCI (pH 8), 1 mM EDTA (pH 8))
and 200 pL of phenol/chloroform/isoamyl alcohol pH 6.7 - 8
(25/24/1) mixture under a fume hood. The mixture was then
vortexed (Vortex Genie-2, USA) for 5 minutes at maximum
agitation. Then, 200 pL of 1X TE (10 mM Tris HCI pH 8; 1
mM EDTA (pH 8)) was added, and the mixture was vortexed
as previously described. The resulting suspension was cen-
trifuged for 5 min at 13,000 rpm, and the supernatant was
collected in an Eppendorf tube. To this supernatant, 400 L of
chloroform was added. The resulting mixture was vortexed
for 1 minute and then centrifuged for 3 minutes at 13,000 rpm.
The supernatant from the mixture was collected in an Ep-
pendorf tube and treated with RNase A (Eurodemex) to
eliminate any RNAs that might contaminate the extracted
DNA. For this, the reaction medium was made up of 400 L
of the supernatant and 4 L of RNase A. This medium was
incubated for 10 minutes at 37 <C. After incubation, the DNA
was precipitated by adding 40 L of 3 M sodium acetate pH
5.2 (to reduce the DNA’s polarity) and 1 mL of absolute
ethanol to the mixture. The mixture was homogenized by
inversion (5 to 15 min) and then centrifuged for 1 minute at
13,000 rpm. The resulting DNA pellet was washed by adding
500 L of 70% (v/v) ethanol to the DNA pellet and then
centrifuged for 2 minutes at 13,000 rpm. The washed DNA
pellet was dried in a speedvac at 37 <C for 1 hour and sub-
sequently dissolved in 100 L of DNA-free miliQ water.

(if). Analysis of the D1/D2 Domain Sequence of the
26 S rDNA Gene and Genetic Characterization
of D5P12 Isolate

The domain was amplified with primers NL1
(5’CGCCCGCCGCGECGECGEGECEGEGLEGGGLCGGGAEAELC
ATATCAATAAGCGGAGGAAAAG3?’) and LS2
(5’ATTCCCAAACAACTCGACTC 3°, Sigma) by the
method of Hamdouche et al. [11]. The reaction mixture for
PCR extraction was constituted of 0,25 L of each primer (0,
2 V), 8,5 L of milliQ water and 10 pL of master mix
(ozone) and the following PCR amplification program was
used starting with an initial denaturation at 94C for 2
minutes; 30 cycles of: denaturation at 94°C for 20 seconds,
primer annealing at 50<€ for 20 seconds, and extension at
72<€ for 30 seconds for DNA strand elongation; a final ex-
tension at 72<€ for 2 minutes. The obtained PCR amplifica-
tion products were purified using QIAGEN Kit and sequenced
by MICROSYNTH FRANCE SAS of Claude Bernard Uni-
versity, Lyon.

The sequences obtained were used to probe the NCBI da-
tabase to determine the identity of the yeast isolate.
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2.2.2. Preparation of Different Support Material for
Lyophilization

(i). Preparation of Cocoa Pod Flour

The cocoa pods were obtained from the District of Agbo-
ville located in the southern part of Cote d’Ivoire, 79 km from
the capital city, Abidjan. Once obtained the seeds were re-
moved from the pod and cut into pieces. The cut pods were
then dried in the oven at 50<C for 48 h and mixed using a
blender. The powder was stored in a flask for further studies.

(ii). Preparation of Cocoa Pulp Juice Extract

The cocoa pulp juice extract was prepared in two propor-
tions 1:1 and 1:2. The different proportions were prepared by
diluting 1 kg of fresh cocoa seeds in 1 litre and 500 mL of
distilled water respectively. The cocoa pulp juice extracts
were sterilized and stored in flasks for further studies.

(iii). Culture of the Yeast Isolate

The yeast isolate was revived in YPG broth (1% yeast, 1%
peptone, 1% glucose) for 24h. They were then replicated on

YEPG agar plates. The starter isolate was incubated at 30<C
for 48h. A pure colony was used to prepare a dense suspension
with 120ml of YPG broth. The cultures were incubated at
30<C for 3 days in an oven.

2.2.3. Lyophilisation of the Yeast Isolate

The yeast culture prepared above was centrifuged at 12000
x g for 5 min at 4<C in a refrigerated centrifuge (Laboao,
China). The pellets were rinsed two times with 0.9% of so-
dium chloride (NaCl) and collected. Cocoa pod flour was
prepared to obtain a final concentration of 4%. For that an
amount of 2 g of cocoa pod flour were dissolved in 50 ml of
distilled water. The mixture was heated to obtain a final
temperature of 70-80<C for a period of 20-30 min while stir-
ring. The mixture was allowed to cool to reach a temperature
of 30-40<C [12]. Different combinations of the isolate with
the pulp juice/ cocoa pod flour were used. All the composi-
tions prepared were listed in the table 1 bellow. Finally, the
mixtures were kept in the freezer at -60<C for 6-24 hours and
lyophilized for 36 hours at atmospheric pressure of 1 Pa and a
temperature of -45<C wusing a benchtop Normal Lab
freeze-dryer (Laboao, China).

Table 1. Index of the different formulation compositions of support material.

Essay Cocoa pod flour (ml) Pulp juice 1:1 (ml)

1 25 0 0
2 0 25 0
3 0 0 25
4 25 225 0
5 25 0 22.
6 0 0 0

2.2.4. Determination of Survival Rate of the Yeast
Isolate After Lyophilization

Serial dilutions’ method described by [13] was used to de-
termine the survival rate of the yeast isolate onto YPG agar
plates in microbial culture made in 2.2.1. After the lyophi-
lization process, 0.1 g of freeze-dried bacterial powder was
diluted in a volume of 4 ml of physiological saline for each
composition of mixture. The samples were incubated at 30<C
for 2 h. Then, serial dilutions of each sample incubated were
prepared and a volume of the cell suspension was inoculated
onto the YPG agar plate uniformly. The plates were kept at
30<C for 48 h. Cell viability was determined using a standard
count method on YPG agar medium. The dilution times and
the corresponding number of yeasts were recorded. The av-
erage of the three plates was used for the number of yeasts per

Pulp juice 1:2 (ml)

5
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Physiological saline (ml)  Saccharose (ml)

22.5
0

0

0

0

20

g O O o o o

dilution, in which the plate with a yeast count of 30—-300 CFU
and no spreading colony growth was selected. The survival
rate of the yeast isolate after freeze-drying process was ex-
pressed according to the method of Mendoza et al. [14]. Cell
viability obtained for each (essay) was expressed as Survival
Factor (SF) in percentage, calculated using the following
equation:

1-(logCFUbefore—logCFUafter)
X100
logCFUbefore

SF =

Where:

CFUpetore = CFUMI™ X total volume culture (ml) before the
freeze — drying process

CFU,er = CFUY! X total weight of the dry bacterial sample (g)
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2.2.5. Determination of Pectinolytic Activity of the
Yeast Isolate

The pectinolytic activity of the yeast isolate was assessed be-
fore and after freeze-drying using a modified version of the
method described by Ouattara et al. [15]. The medium used,
YNB-PGA, consisted of 7 g/L of yeast nitrogen base (YNB), 5
g/L of polygalacturonic acid (PGA), and 20 g/L of agar, adjusted
to pH 5. Sterile holes with a diameter of 0.5 cm and a depth of 2
mm were created on the agar surface using the sleeve of a Pasteur
pipette. A cell suspension of the isolates to be tested was pre-
pared in tryptone salt, and the cell concentration was adjusted to
10° cell/mL using Thomas cell and methylene blue method. The
appropriate volume of the cell suspension was used to inoculate
the wells created in the agar. The cultures were then incubated at
30<C for 48 hours. After incubation, the pectinolytic enzyme
production was visualized by flooding the agar surface with an
iodine and potassium iodide solution (5 g potassium iodide + 1 g
iodine + 330 mL distilled water). The clear zones around the
colonies were measured using a ruler, and the relative enzyme
production (%) was calculated.

2.2.6. Evaluation of the Conservation of
Candida tropicalis Lyophilizate at Ambient
Temperature

After lyophilization of the Candida tropicalis lyophilizate
in the presence of a 1:2 mixture of cocoa pulp juice and cocoa
pod flour, the samples that showed the highest survival rate
were stored in a room at ambient temperature. Every week,
the viable cell count, and relative survival rate were calculated,
as described in section 2.2.4.

2.2.7. Statistical Analysis

All experiments were done in triplicates and the raw data
generated were presented as mean = standard deviation. A
one-factor analysis of variance (ANOVA) was used to com-
pare the means. Means were separated by Tukey's error rate
multiple comparison test using XLSTAT. The differences in
means were considered statistically significant at p < 0.05.

3. Results

3.1. Molecular Identification of Yeast Isolate
(D5P12)

The blast analysis of domain D1/D2 of 5,8 S rDNA of yeast
D5P12 revealed that the yeast isolate D2P12 was Candida
tropicalis with 100 % homologous with those of the data base.

3.2. Determination of Survival Rate of Candida
tropicalis After Freeze Drying

Table 2 shows the survival rate of Candida tropicalis in
presence of different support material (saccharose, cocoa pod
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flour, cocoa pod flour and cocoa pulp juice in proportions 1:2
or 1:1). The survival rates obtained were comprised between
44.45 £0.22 and 73.73 £4.55%. The combination of support
containing cocoa pulp juice in ¥ proportion and cocoa pod
powder gave the highest levels 72.70 +0.56 close to that of
the saccharose (73.73 =+ 4.55). While with cocoa powder,
cocoa pulp juice in ¥ proportion and cocoa powder added to
cocoa pulp juice in 1/1 proportion, the survival rates of the
strains were lower than those obtained with saccharose but all
higher and close to 60%.

Table 2. Survival rate of Candida tropicalis in different support
material and cryoprotectant after freeze-drying.

Support material / cryoprotectant Survival rate (%)

Cocoa pulp juice 1:1 44.45 +0.22a
Cocoa pod flour 61.16 +0.31b
Cocoa pulp juice 1:1/cocoa pod flour 64.74 £0.54c
Cocoa pulp juice 1:2 69.64 +0.52d
Cocoa pulp juice 1:2/Cocoa pod flour 72.70 £0.56de
Saccharose 73.73 £4.55e

Values presented in the table are expressed as mean2SD.
a, b, ¢, d, e = significantly different (p<0.05)

3.3. Determination of Enzyme Production of
Candida tropicalis After Freeze Drying

Pectinolytic enzyme plays an important role during cocoa
fermentation. After freeze drying of cocoa starter, their
ability to produce this enzyme must be evaluated. These
results are presented in Table 3. Indeed, in the absence of a
support material, the strain of Candida tropicalis loses more
than 52% of its pectinolytic enzyme production capacity.
However, in the presence of cocoa pulp juice 1:2 proportion
and cocoa pod flour, the Candida tropicalis strain retains
more than 85% of its pectinolytic enzyme production ca-
pacity, unlike saccharose, which has a rate of 70%.

Table 3. Enzyme production of Candida tropicalis after freeze drying
in solid media.

Relative enzyme

Support material production (%)

Candida tropicalis 48.76 £3.85a
Cocoa pulp juice 1:1/cocoa pod flour 64.81 +3.20b
Cocoa pod flour 66.66 +0.00b
Saccharose 70.37 £6.41b
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Relative enzyme

Support material production (96)

Cocoa pulp juice 1:1 79.63 +£3.20c

Cocoa pulp juice 1:2/cocoa pod flour 85.18 +6.41cd

Cocoa pulp juice 1:2 88.88 +5.55d

Values are presented as mean £SD.
a, b, ¢, d = significantly different (p<0.05)

3.4. Conservation of the Candida tropicalis
Lyophilizate Obtained with Cocoa Pulp
Juice ¥2 and Cocoa Pod Flour

The strain of Candida tropicalis maintains its survival level
after a week of conservation at room temperature in the
presence of saccharose as a cryoprotectant. On the other hand,
during this same period in the presence of cocoa pulp juice
extract and cocoa pod flour, the strain loses 30% of its sur-
vival rate. However, during conservation, the cocoa pulp juice
and cocoa pod flour maintain their survival rate even more
after two weeks of conservation, with rates ranging around
60%, as opposed to 40% for the saccharose control.

S1 s2 S3 54

Time (weeks)

Relative survival rate (%)

m Cocoa pulp juice 1:2/ ® Saccharose

cocoa pod flour

Figure 1. Relative survival rate of Candida tropicalis lyophilizate at
ambient temperature over time.

4. Discussion

The primary objective of the study was to identify alterna-
tive support materials for freeze-drying Candida tropicalis.
Freeze-drying is a widely used method for the long-term
preservation of microorganisms, combining freezing and
drying to produce a high-quality final dried product [16].
However, during the freezing step, ice crystals can form,
causing mechanical damage and cell death [17]. Microbial
survival depends on various factors such as initial microor-
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ganism concentration, strain resistance traits, drying medium,
and growth conditions [18, 19]. Protective agents typically
contain amino or hydroxyl groups that can replace water on
macromolecules, protecting proteins and lipid membranes
during storage and enhancing cell recovery [20]. Therefore,
support materials play a crucial role in freeze-drying [21]. The
study found that cocoa pod husk and cocoa pulp juice were
effective in maintaining Candida tropicalis viability after
freeze-drying, with a survival rate of 72.70% for the combi-
nation of cocoa pod husk and 1:2 cocoa pulp juice, similar to
saccharose control. The results obtained are in accordance
with those of Liming et al. [22] who obtained rate of 73%
when 15% sucrose was used as cryoprotectants for Candida
tropicalis.

The chemical composition of cocoa pod husk is mainly
fiber, carbohydrates, lignin, proteins, and minerals [4, 23].
While cocoa pulp juice is rich in sugars such as glucose,
fructose, and saccharose [24]. Commonly used support ma-
terials are compounds like disaccharides, monosaccharides,
polyols, amino acids, and other organic molecules [25, 26].
Which may explain why cocoa pod husk or cocoa pulp juice
were effective in freeze-drying.

Combining support materials can enhance their protective
effect, as seen in this study where the survival rates were
higher with the combination of cocoa pod husk and cocoa
pulp juice 1:2 compared to when they were used alone. This is
in line with previous research showing that using a combina-
tion of protectant agents can overcome the drawbacks of
individual support materials, hence improving overall per-
formance [27].

Yeasts are also known for producing pectinolytic enzymes,
especially polygalacturonase-producing strains like Candida
tropicalis, which play an important role in the cocoa fer-
mentation process. Consequently, the starters intended for
controlling the fermentation process need to have a high level
of this enzyme's production after freeze-drying. Therefore, we
also evaluated the enzyme production levels of the lyophi-
lizates after freeze-drying. In this study, the method used for
detecting enzyme activity indicated clear halos around colo-
nies in all the holes, indicating pectin or polygalacturonic acid
degradation according to [15, 28]. The results obtained show
that relative enzyme production differs depending on the type
of support material used. Indeed, the relative pectinolytic
enzyme production with the lyophilized strain without sup-
port material was less than 50%. This suggests that lyophi-
lization could impact the genetic mechanism of pectinolytic
enzyme production in the yeast Candida tropicalis. Addi-
tionally, while some authors like Kandil et al. [29] have shown
that lyophilization reduces the production of aminopeptidase
and esterase activity in lactic acid bacteria strains, certain spe-
cies are insensitive to lyophilization in terms of enzyme pro-
duction [30-33]. On the other hand, the lyophilization the
support material composed of a 1:2 mixture of cocoa pulp juice
and cocoa pod flour, with a relative enzyme production level of
more than 80%, considerably reduces the negative effect of
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freeze-drying on pectinolytic enzyme production compared to
the cryoprotectant saccharose that is generally used for the
lyophilization of yeasts. This could be linked to the presence of
various protective molecules contained in cocoa pulp juice and
cocoa pod flour, such as glucose, fructose, and saccharose.

Furthermore, our results show that the support material
consisting of a 1:2 mixture of cocoa pulp juice and cocoa pod
flour maintains the Candida tropicalis starter was viable with
a survival rate of over 60% after 1 month of conservation
compared to the saccharose control. Such a result is interest-
ing because starters produced with cocoa residues would be
much cheaper, and the storage conditions for these starters
would be much less constraining for farmers.

5. Conclusions

In this study, we conducted freeze drying using cocoa res-
idues (cocoa pulp juice and cocoa pod flour) and observed that
Candida tropicalis behaves differently depending on the type
of support material used. The combination of cocoa pulp juice
1:2 with cocoa pod flour yielded the best results in terms of
survival rate and enzyme production after freeze drying.
Cocoa residues could serve as a potential alternative for freeze
drying Candida tropicalis. This will hep solve pollution
concerns and hence contribute to circular economy of the
industry. In the future, the freeze-dried powder could be uti-
lized in fermentation trials.
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