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Abstract 
Fruit by-products are generally discarded after use of the edible portion. This work aims to contribute to the 
valorization of the placenta (a by-product) of cocoa. The mature cocoa harvested from a village plantation in West-
Central Côte d'Ivoire has been used as a plant material. The biochemical tests performed on the placenta (fresh and 
fermented) extract cocoa pods with the rules of hygiene have shown significant levels of fiber, ash, minerals and 
antioxidant compounds. In particular, the fermented placenta contains more fibers (42.66%), ash (10.37%) and 
phenolic compounds including total phenols (37.5 mg EAG/100 g DW), flavonoids (3.05 mg EQ / 100 g DW) and 
tannins (10.86 mg EAT / 100 g DW). These fermented and fresh placentas also contain macroelements (K, Mg and P) 
and mineral microelements (Fe, Zn). The placenta from cocoa could be a good source of food for animal and human. 
The determination of the antioxidant activities by inhibition of ABTS and DPPH radicals showed interesting data (fresh 
placenta: ABTS 12.73 μMTE / g DW, DPPH 9.46 ± 0.53 μMTE / g DW, fermented placenta: ABTS 13 77 μMET / g MS, 
DPPH 13.05 μMTE / g DW). The antioxidant activity increases after fermentation of the cocoa placenta. As a result, 
cocoa placenta could be an ingredient in livestock feed formulation and even for humans. 
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INTRODUCTION 
 
Projections made in 2011 by the United 
Nations (UN) give for 2050 an increase of the 
world population of 36 % (Hamdouche, 2015). 
The growth of the world's population is leading 
to an increase in food needs (FAO, 2017). The 
satisfaction of the demand for agricultural 
production therefore passes either by the 
increase of the agricultural surfaces, or by the 
increase of the yields (Muzigwa et al., 1995, 
Ngambi, 2015). Thus, the world consumption 
of chocolate being strong and constant, cocoa 
cultivation cannot be outdone by this need for 
intensification of production. 
According to the International Cocoa 
Organization (ICCO), global cocoa production 
in 2017 was estimated at 4.7 million tonnes 
(ICCO, 2017). This production is made by 
farms of which 90% are less than 5 hectares. 
Cocoa production supports more than 5 million 
families (Hamdouche, 2015). 

However, it is important to specify that fresh 
beans account for only 20% of pod mass 
(Kokou & Ngo-Samnick, 2014), while cocoa 
waste (empty cacao pods, juice from mucilage 
and cocoa placenta) account for 80 % of the 
mass of the pod. Most of the time, these wastes 
are released into the wild and rot in fields or 
scavenging sites. The accumulation of these 
residues pollutes the environment (Manga, 
2013).  
Recently, attempts to use these vegetable 
wastes have been made with a view to serving 
as food supplements or substitutes for animal 
feed or even for humans (Erhart & Poulain, 
2014). Thus, the current valuation of by-
products such as empty pods is used to make 
fertilizers, feed for animals (pork, poultry and 
fish) and as a component of recipes for humans 
(Pitcholo 1990, Muzigwa et al., 1995; Iga-Iga, 
2008; CIRAD, 2015; Oqualim, 2016 and 
Bamba et al., 2017). As for the juice from the 
mucilage surrounding fresh cocoa beans, it is 
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used to make cocoa wine, cocoa liquor 
(Martens, 2011; CNRA, 2012). On the other 
hand, the cocoa placenta is little valued and 
rejected during the treatment of cocoa pods 
(Quimbita et al., 2013). Like empty pods and 
mucilage juice, can the placenta, which is also 
a by-product of cocoa, not be useful to humans 
or animals? Can the cocoa placenta not be 
subject to a valuation policy with a view to 
solving food security issues? This byproduct 
may have nutrients useful for the dietary 
formulation of livestock feed or even human. 
Thus, the aim of this study is to contribute to 
the valorization of the cocoa placenta in order 
to contribute to food security. 
Specifically, it will to determine the 
biochemical and nutritional composition of the 
cocoa placenta, then evaluate the mineral 
composition and finally to determine the 
phytochemical composition and antioxidant 
activity. 
 
MATERIALS AND METHODS 
Plant material 
The plant material comes from cocoa pods of 
the variety Forastero ripe freshly harvested in 
cocoa farms of Central West of Côte d'Ivoire 
during 2018 big season. From these pods is 
extracted the cocoa placenta which constitutes 
the plant material of this work. 
Harvest 
The harvest of cocoa pods was done by hand 
and with a perch. Harvested pods were packed 
in jute bags and transported from the picking 
place to Biocatalysis and Process Laboratory of 
Nangui Abrogoua University for analysis. The 
harvest was carried out in the month of 
September 2018. Three batches of samples of 
cocoa pods were necessary to carry out this 
work. The cocoa fruit was cut at the 
Biocatalysis and Process Laboratory and not in 
the harvest fields to prevent the beans from 
fermenting during the transport of the plant 
material. 
Treatment of cocoa pods 
Pod breaking 
Each batch of cocoa pods was sorted and 
cleared of the damaged fruit. 

The breaking was made with pieces of wood 
and pestles in the laboratory. The beans were 
removed from the pods with the placenta and 
all the mucilage surrounding them. They were 
stored in clean basins. Then, the placenta was 
removed from the bean mass under standard 
hygienic conditions fresh or after fermentation. 
Two batches of bean and cocoa placenta 
samples were made according to these 
objectives: 
- batch (A) which made it possible to carry out 
analyzes on the fermented cocoa placenta, 
- batch (B) which has not been fermented but 
analyzed, fresh. 
This batch (B) of cocoa beans and unfermented 
fresh placenta was subjected to the following 
operations. The placenta was separated from 
the cocoa beans. This fresh placenta was 
weighed and dried in an oven at 105 °C for 3 
days. Batch (A) was fermented according to a 
method and a device described below. 
Fermentation 
Lot (A) of cocoa beans and placenta were 
fermented according to a traditional method 
(Manga, 2013; Hamdouche, 2015) whose 
device was created and installed in the 
laboratory. Banana leaves were used to cover 
the device. In addition, these banana leaves 
were also used to cover the beans and cocoa 
placenta during fermentation. 
This fermentation was carried out for three 
days. After fermentation, the placenta was 
separated from the cocoa beans. The fermented 
placenta was dried in an oven at 105°C for 3 
days. 
Preparation of cocoa placenta powders 
Oven dried cocoa placenta batches were 
removed from the oven. 
Batch (A) consists of the fermented placenta 
and batch (B) of the unfermented placenta and 
dried in the fresh state. Then, the different 
batches of cocoa placenta were crushed into a 
fine powder using a grinder type Stand Blender 
Model BL 1008A-CB NASCO. 
The ground materials obtained were sieved 
through a sieve of mesh 250 microns. 
The two samples of placenta powder obtained 
were packaged in labeled plastic bottles. These 
flasks were pre-dried in an oven at 45°C for 15 
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minutes and sealed. These were stored in a 
desiccator at 25°C until their next use (AOAC 
1995). 
Determination of physicochemical parameters 
Moisture was determined by drying in an oven 
at 105ºC during 24 h to constant weight 
(AOAC, 2000). pH was determined using a pH 
meter (Consort P107, Belgique). Total sugar 
and reducing sugar were determined by Dubois 
et al. (1956) and Bernfeld (1955), respectively. 
Total ash was determined by incinerating in a 
furnace at 550ºC (AOAC, 2000). Crude fat was 
determined by continuous extraction in a 
Soxhlet apparatus (Soxtec sostem HT 1043) for 
8 h using hexane as solvent (AOAC, 2000). 
Crude protein was calculated from nitrogen (N 
x 6.25) obtained using the Kjeldahl method by 
AOAC (2000). The crude fibre contents were 
determined according to standard method 
(AOAC, 2000). 
Minerals Analysis 
The minerals contents were determined on 
aliquots of the ash of "placenta cocoa" using 
the Variable Pressure Scanning Electron 
Microscope (SEM) of the C.A.R.D. (MEB 
FEG Supra 40 VP Zeiss), equipped with an X-
ray detector (OXFORD Instruments) connected 
to an EDS microanalyzer platform (Inca Dry 
Cool, without liquid nitrogen). 
Calculation of the different molar ratios such as 
[phytate] / [calcium], [phytate] / [iron] and 
[oxalate] / [calcium] were used in the 
prediction of calcium and iron bioavailability 
(APHA, 1995). 
Phytochemical Composition 
Extraction of phenolic compounds 
Extraction of phenolic compounds was 
determined employing Singleton et al. (1999) 
method. Ten (10) grams of each sample of the 
different batches of cocoa placenta were 
incubated at 25°C for 24 hours in 50 mL of 80 
% (v/v) methanol. The mixtures obtained after 
incubation were centrifuged separately at 4000 
rpm for 5 min with an ORTO ALRESA 
refrigerated centrifuge. The supernatants are 
recovered and the residues of each sample are 
extracted twice in succession under the same 
conditions. The different methanolic extracts 
are evaporated at 35°C until 50 ml of solution 

are obtained, using an evaporator (rotary 
evaporator HEILDOLPH Laborata 4003 
Control, Schwabach, Germany). The different 
solutions were then transferred to new tubes 
and kept in the freezer at -20°C in the 
laboratory until use. 
Determination of total phenolic compounds  
Contents of total phenolic compounds were 
estimated according Folin-Ciocalteu method 
(Singleton et al., 1999). A volume of 1 ml of 
methanolic extract of each sample was added to 
1 ml of Folin-Ciocalteu’s solution in a test 
tube. After 3 minutes, 1 ml of 20% sodium 
carbonate solution was added to the mixture 
and adjusted to 10 ml with distilled water. The 
mixture was allowed to stand at room 
temperature in a dark environment for 30 min. 
Absorbance was measured against the blank 
reagent at 725 nm. Gallic acid was used for the 
calibration curve with a concentration range of 
50-1000 µg/ml. Results were expressed as mg 
gallic acid equivalent (GAE)/100g DW (Dry 
Weight). 
Determination of flavonoids compounds 
Total flavonoids content was determined 
according method used by Meda et al. (2005), 
but slightly modified. A volume of 0.5 ml of 
methanolic extract of sample was diluted in 0.5 
ml of distilled water. Then, 0.5 ml of 
aluminium chloride 10% (P/V) and the same 
volume of sodium acetate 1M were added. 
Finally, 2 ml of distilled water was added and 
absorption reading at 415 nm was carried out 
after 30 min against a blank sample consisting 
of a 4 ml methanolic extract without aluminum 
chloride. Quercetin was used for the calibration 
curve with a concentration range of 0-100 
µg/ml. Results were expressed as mg of 
quercetin equivalent (QE)/100g DW. 
Determination of tannins compounds 
Tannins content was determined using the 
method described by Bainbridge et al. (1996). 
A volume of 1 ml of each methanolic extract 
was collected and mixed with 5 ml of reaction 
solution [vanillin 0.1mg/ml in sulphuric acid 
70% (V/V)]. The mixture was allowed to stand 
at room temperature in a dark environment for 
20 min. The absorbance was measured at 500 
nm against a blank (without extract). Tannic 
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acid was used for the calibration curve with a 
concentration range of 0-100 µg/ml. The 
results were expressed as mg of tannic acid 
equivalents (TAE)/100 g DW. 
Determination of antioxidant activity 
Antioxidant activity by inhibition of ABTS 
Spectrophotometric analysis of the ability of 
methanolic cocoa placenta extracts to trap 
ABTS radicals was determined according to 
the method of Re et al. (1999). The preparation 
of the ABTS solution was carried out by 
dissolving 10 mg of ABTS in 2.6 ml of 
distilled water. Then, 1.7212 mg of potassium 
persulfate was added and the mixture was kept 
in the dark at room temperature for up to 12 
hours. The mixture was then diluted with 
ethanol to obtain an absorbance of 0.70 ± 0.02 
at 734 nm. In 96-well plates, 50 μl of ethanolic 
solution was added to 200 μl of freshly 
prepared ABTS + solution. The same 
procedure was carried out for quercetin used as 
a positive control. The mixture made in the 96-
well plates was then protected from light in the 
dark at room temperature for 15 minutes and 
the concentration read at 734 nm in a 
spectrophotometer against a standard curve 
with 5,7,8-tetramethyl-2-carboxylic acid 6-
hydroxy-2 (Trolox, Sigma-Aldrich). The 
evolution of the antioxidant activity of the 
extracts is compared with respect to Trolox. 
The concentration of the compounds having a 
reducing effect on the radical cation ABTS + 
(antioxidant) is expressed in micromoles 
equivalent Trolox per gram of dry matter 
(μMET / g DW) using the following formula:  
C = (cx D) / Ci. 
With: C, the concentration of antioxidant 
compounds in μMET / g; cx, the concentration 
of the sample read; D, the dilution factor and 
Ci, concentration of the stock solution. 
Antioxidant activity by DPPH radical 
scavenging 
The DPPH scavenging activity was determined 
using the method described by Shimada et al. 
(1992). Each sample of methanolic extract (2.5 
ml) was mixed with 1 ml of a 3 mM DPPH 
methanol solution. After 30 min incubation at 
room temperature in the dark, the absorbance 
of the mixture was determined at 517 nm 

against a blank containing methanol without 
DPPH radical. A lower absorbance indicates a 
higher scavenging activity. 
The evolution of the antioxidant activity of the 
extracts is compared with 5,7,8-tetramethyl-2-
carboxylic acid 6-hydroxy-2 (Trolox) and this 
by drawing a calibration curve. 2.5 ml of 
Trolox solutions with a concentration of 0.01 to 
0.1 g / l are prepared. Each solution was 
pipetted into test tubes followed by the addition 
of 1 mL of DPPH solution. The readings of the 
optical density at 517 nm, solutions thus 
prepared made it possible to trace the Trolox 
calibration curve. The concentration of the 
compounds having an inhibiting (antioxidant) 
effect on the DPPH is expressed in micromoles 
Trolox equivalent per gram of dry matter 
(μMTE / g DW). 
Determination of antinutritional factors  
Determination of total phytates and oxalates 
Phytates contents were determined using the 
Latta & Eskin (1980) method. While the 
oxalates contents was determined using the 
method of Day & Underwood (1986) using 
potassium permanganate. 
Statistical Analysis 
All chemical analyses and assays were 
performed in triplicate, unless otherwise 
indicated. Results were expressed as mean 
values�± standard deviation (SD). Analysis of 
variance (ANOVA) followed by Duncan’s test. 
The significance level is α = 0.05. Statistical 
differences with a probability value less than 
0.05 (P <0.05) are considered significant. 
 
RESULTS AND DISCUSSION 
Cocoa is mainly produced for its bean for 
industrial processing into chocolate. However, 
more and more research is being conducted on 
cocoa waste for recovery and use in animal or 
human nutrition. In this perspective, the present 
work has made it possible to characterize the 
biochemical composition of the cocoa placenta. 
The results of physicochemical composition of 
placentas and fermented cocoa were presented 
in Table 1. The moisture level is very high in 
the fresh placenta (80.55 ± 0.42%) but also in 
the fermented (88.89 ± 1.49%). These high 
moisture levels indicate that fermented and 
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fresh placentas are perishable products, with 
conservation problems due to their 
hygroscopicity. These placentas are also 
favorable environments for the proliferation of 
pathogens, molds and yeasts (Aryee et al., 
2006). High moisture content may promote 
microbial growth and enzymatic activity that 
accelerates the deterioration of this cocoa by-
product. It is therefore necessary to lower the 
moisture content to 12% or even 7% depending 
on the possible subsequent uses for a longer 
storage period (Colas, 1998). These moisture 
levels obtained during this work are similar to 
those obtained in previous studies which are 
respectively 80 % (Gilet, 2006) and 82 to 87% 
(Hamdouche, 2015) for cocoa pulp. 
The pH of the fresh cocoa placenta (4.7±0.14) 
and fermented (3.66 ±0.26) is acidic. The 
acidic pH of fresh and fermented placentas may 
be due to the presence of organic acids such as 
citric acid and acetic acid in fresh juice and 
cocoa placenta (Anvoh et al., 2009). The pH 
values found in fresh and fermented placentas 
corroborate those obtained by Quimbita et al. 
(2013) on the placenta (pH 4.41) and the juice 
(pH 3.25) of cocoa.  
Fermentation significantly decreases the levels 
of total sugars and reducing sugars in cocoa 
placenta. In fact, the levels decrease from 13.27 
± 1.24% to 6.71 ± 0.11% for total sugars and 
from 8.68 ± 0.07% to 4.92 ± 0.02% for 
reducing sugars. This decrease in sugar levels 
can be due to the use of these sugars by 
bacteria and yeasts during the fermentation of 
the cocoa placenta. The total sugar content 
obtained in the fresh placenta are close to those 
obtained by Koné (2000) for fresh juice and 
cocoa pulp (10 to 15%), Barel (2009) for fresh 
cocoa mucilage 12% and Quimbita et al. 
(2013) for cocoa placenta (12.4%). 
With regard to fiber, the rate in fresh placenta 
(30.66±3.40 %) is lower than fermented (42.66 
±2.05%). Fibers are the main constituents of 
the placenta after water. They could play a very 
indispensable role in the prevention of certain 
diseases such as constipation, appendicitis and 
colon cancer. Indeed, the fibers present in a 

diet facilitate the intestinal transit (Daverios, 
2005). The increase in fibers levels in 
fermented cocoa placenta may be due to the 
degradation by microorganisms of other 
polysaccharides in addition to fibers 
(Lestienne, 2004). The recommended 
nutritional intake of fibers by food is 25-30 g / 
day according to AFSSA (2009). The fibers 
content in the cocoa placenta shows that it can 
sufficiently cover this daily need. 
The lipids contents of fresh (0.46±0.09%) and 
fermented (1.73±0.19%) cocoa placentas are 
low despite a slight increase after fermentation. 
According to FAO (2003) fruit juices or pulp 
are generally low in fat. The lipid contents 
obtained corroborate those reported by 
Quimbita et al. (2013) on placenta (0.21%) and 
cocoa juice (0.17%). 
The protein level increases from the fresh state 
(5.12%) to the fermented state (8.4%). 
Fermentation thus favored their bioavailability 
by destruction of membrane cells and 
enzymatic activity (Iga-Iga, 2008). The 
placenta could be useful for the formulation of 
animal feed (pork, chicken, fish, etc.) and for 
human. However, these values are much lower 
than those of unfermented (21.6 %) and 
fermented (18.8%) cocoa beans (Koné 2000, 
Gilet 2006, Hamdouche 2015) in foods such as 
soybean (37.6%), cowpea (24.3%), akpi 
(24.75%) (N'dri, 2010). In contrast, the level of 
protein in fermented placenta (8.4%) is similar 
to that of corn (9.2%) and rice (7.8%) 
(Lestienne, 2004). 
The ash content in the fermented placenta 
(10.37±0.54%) increased slightly relative to the 
fresh (9.34±0.89%).The ash content of the 
cocoa placenta shows that it could be an 
excellent source of minerals. However, this 
content is lower than those obtained by Anno 
(2016) in wild mushrooms from central Côte 
d’Ivoire (around 14%). The high ash content 
reported in the cocoa placenta may be due to 
high levels of minerals such as potassium, 
phosphorus, calcium and magnesium in both 
types of placentas (fresh and fermented). 
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Table 1: Physicochemical composition of the cocoa placenta 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Tests: n = 3; the means ± standard deviation, assigned different letters on the same line are significantly different at  
p <0.05 according to Duncan's test. 

 
The proportions in mineral contents of the two 
powders of cocoa placenta were shown in 
Table 2. The values of the mineral levels of the 
cocoa placenta showed that after fermentation 
the rates increased for K, P, Mg and Ca, except 
Na. In fact, the potassium (K) level increased 
from 1945.52 ± 0.71 mg / 100 g to 3405.51 ± 
2.21 mg / 100 g. Magnesium (Mg) increased 
from 128.89 ± 0.99 mg / 100 g to 212.58 ± 1.03 
mg / 100 g. The phosphorus (P) level increased 
from 154.11 ± 2.85 mg / 100 g to 173.18 ± 0.65 
mg / 100 g) and finally the calcium (Ca) level 
increased by 92.47 ± 1 , 42 mg / 100 g to 
122.37 ± 0.81 mg / 100 g. The mineral 
composition of the cocoa placenta has 
macroelements (K, P, Mg and Ca) that have 
high levels.  
The daily needs of the body in mineral 
macroelements: for magnesium (Mg), this 
value is 360 mg for an adult woman and 420 
mg for an adult man. As for potassium (K), this 
daily requirement is between 2 and 4 g. And 
finally, the daily requirement for calcium (Ca) 
is in the range 500 mg to 1000 mg (AFSSA, 
2009). 
The values of the minerals obtained in this 
work show that the regular consumption of the 
cocoa placenta could fill these daily needs 
which are important for the good functioning 
of the organism. Minerals play a vital role in 

animal and human health and also improve 
their productivity (Daverio, 2005; Burillard et 
al., 2016). Thus, mineral deficiencies can cause 
disorders in animals that can even be lethal. 
The main function of calcium and phosphorus 
is the formation and maintenance of the 
skeleton and teeth. The skeleton uses about 
99% of calcium and 80% of body phosphorus 
(Butler, 1989). Phosphorus deficiency would 
result in infertility in animals and calcium 
deficiency by stunting (Aryee, 2006).  
In addition, the cocoa placenta contains trace 
elements such as sodium, iron and zinc (Table 
2).The value of the sodium (Na) content in the 
cocoa placenta (9.34 ± 0.71 mg / 100 g) in the 
fresh state hardly changes in the fermented 
state (9.33 ± 0.81 mg / 100 g). Zn and Cu 
levels increased after fermentation. Zinc (Zn) 
decreased from 1.87 ± 0.27 mg / 100 g to 21.78 
± 1.08 mg / 100 g. The copper (Cu) content 
increased from 3.74 ± 0.45 mg / 100 g to 6.22 
± 0.32 mg / 100 g after fermentation. In 
contrast, iron (Fe) decreased after fermentation 
(fresh state 2.80 ± 0.27 mg / 100 g, after 
fermentation 1.04 ± 0.50 mg / 100 g). Finally, 
virtually trace level manganese (0.93 ± 0.18 mg 
/ 100 g) in fresh cocoa placenta is undetected 
(UD) when fermented. 
These trace elements participate in metabolic 
reactions for good growth.  

  

Parameters  
(%) 

Cocoa placenta 
Fresh Fermented 

Moisture 80.55±0.42a                                  88.89±1.49b 
pH 4.7±0.14b                                      3.66±0.26a 

Totals sugars 13.27±1.24b 6.71±0.11a 
Reducing sugars 8.68±0.07b                                    4.92±0.02a 

Fibers 30.66±3.40a                                  42.66±2.05b 
Lipids 0.46±0.09a 1.73±0.19b 

Proteins 5.12±0.02a                                     8.4±0.13b 

Ash 9.34±0.89a 10.37±0.54b 
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Table 2: Mineral contents of f fresh and fermented cocoa placenta 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Tests: n = 3; the means ± standard deviation, assigned different letters on the same line are significantly different at  
p <0.05 according to Duncan's test 
UD: undetected 
 

The daily requirements of the human body in 
trace elements such as iron (Fe) are 16 mg for 
an adult woman and 9 mg for an adult male 
(AFSSA, 2009). Daily consumption of foods 
containing cocoa placenta could cover these 
needs and thus prevent the risk of anemia. 
Indeed, iron is an essential constituent for 
hemoglobin and its proper functioning. It is 
also involved in many enzymatic reactions 
(Pitcholo, 1990). 
Potassium and sodium are needed to maintain 
cellular balance and nerve transmission. 
Deficiencies of these elements lead to muscle 
cramps, loss of appetite and cardiac arrhythmia 
(N'dri, 2010). This high amount of potassium 
in the cocoa placenta could increase the use of 
iron (Gilet, 2006) and control hypertension 
(Atti, 2014). In addition, cocoa placenta could 
be used in fertilizer formulation given its high 
potassium and phosphorus content. These 
results clearly show that cocoa placenta powder 
could be added in the formulation of foods to 
cover mineral requirements. 
The total phenols, tannins and flavonoids 
contents are shown in Table 3. These values 
showed that after fermentation of the cocoa 
placenta, the total phenols increased (fresh 
26.06±0.14%, fermented 37.5±1.02%). In 
contrast, the tannins (13.68±0.12%) and 
flavonoids (6.00 ±0.16%) levels decreased to 
10.86 ± 0.08 % and 3.05±0.04%, respectively. 

A comparison of the contents of phenolic 
compounds from fresh placenta and fermented 
cocoa placenta showed that there is an increase 
in total phenols but a decrease in tannins and 
flavonoids contents after fermentation. 
Flavonoids and especially tannins being water 
soluble and thermolabile, fermentation could 
have led to a loss of these substances. These 
levels of phenolic compounds found in cocoa 
placenta can provide valuable data for animal 
nutrition, as these bioactive compounds in the 
diet act as antioxidants and play a role in 
stabilizing lipids peroxidation (Van et al., 
1998; Gülcin et al., 2003). The total phenols 
levels obtained in this work are lower than 
those founded by Adingra et al. (2017) on the 
epicarp of the papaya cultivar solo 8 (65.54 
±0.39%). This lowering of tannins levels after 
fermentation is without major risk to the 
fermented placenta consumer. Tannins are 
responsible for the antidiarrheal activity of 
many traditional use plants. They are known to 
inhibit the growth of microorganisms (Gülcin 
et al., 2003, Arbraayah & Umi, 2013). They 
have antibacterial, antiviral, antiparasitic, 
antioxidant and anti-inflammatory properties 
(Leitao, 2011). Sometimes tannins are a 
problem for the digestibility of proteins and 
minerals. Indeed, a diet too rich in tannins 
would cause the unavailability of the proteins 
constituting this food. Tannins are often 
equated with antinutritional factors. In general, 

Minerals content  
 

Cocoa placenta 
Fresh 

(g/100 g) 
Fermented 
(g/100 g) 

Mg 128.89±0.99a                                   212.58±1.03b 
K 1945.52±0.71a                         3405.51±2.21b 
P 154.11±2.85a 173.18±0.65b 

Ca 92.47±1.42a 122.37±0.81b 
Na 9.34±0.71a                              9.33±0.81a 
Zn 1.87±0.27a 21.78±1.08b 
Cu 3.74±0.45a 6.22±0.32b 
Mn 0.93±0.18a UD 
Fe 2.80±0.27b 1.04±0.50a 
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this antinutritional effect is attributed to the 
tannins by their inhibitory power during the 
digestion of dietary proteins. However, this has 
only been observed in non-ruminants and not 
in ruminants or humans who have high levels 
of proline-rich protein in their saliva. These 
proteins have a very high affinity for tannins 
and their presence in saliva (70 % of proteins in 
humans) is considered as a defense against a 
diet rich in tannins as the complexes formed 
pass intact through the digestive tract (Butler, 
1989). So a human diet relatively rich in 
tannins would be rather beneficial thanks to 
their antioxidant properties. 
With regard to flavonoids, they play an 
important role in the protection against 
oxidative stress with the contribution of certain 
vitamins (Hung & Nhi, 2012). The levels of 
tannins and flavonoids in the placenta of cocoa 
costs are substantially equal to the values 
obtained by Adingra et al. (2017) on the 
epicarp of the papaya cultivar solo 8. He 
reported that the tannins level was (10.51± 
0.93%). and that of flavonoids was 
(5.58±0.83%). 
Levels of antinutritional factors such as 
phytates and oxalates are also shown in Table 
3. Fermentation reduced the level of oxalates 
and phytates in the cocoa placenta. In fact, the 
level of oxalates rose from 0.6±0.02% of the 
fresh placenta to 0.33±0.05% in the fermented. 
Similarly, the level of phytates in the fresh 
placenta (1.23±0.02%) is reduced in the 
fermented (0.93±0.05%). This significant 
decrease in these antinutritional factors could 
be due to the technological treatment imposed 
on the placenta. Indeed, one of the methods of 
reducing antinutritional factors in foods apart 
from soaking and germination is the 
fermentation or combination of these methods. 
Knowledge of the phytates and oxalates 
content of a food is necessary because a high 
level of these antinutritional compounds can 
have deleterious effects on digestibility (Hung 
et al., 2012). Phytates and oxalates form 
complexes with essential minerals, making 

minerals unavailable to the body. These low 
levels of antinutritional factors caused by 
fermentation allow a safe consumption of 
cocoa placenta, since the lethal dose of oxalates 
is between 2000 and 5000 mg of oxalates/100 g 
of food (Mpondo et al., 2012) and that of 
phytates between 250-500 mg of phytates/100 
g of food (Medjaoui, 2017). According to Ho et 
al. (2014) in fermented cocoa beans a level of 
between 7 to 8 mg/g of oxalic acid was 
detected. The phytates level (0.93 ± 0.05%) in 
fermented cocoa placenta is almost identical to 
that of foods such as rice (0.8-1.0 %), maize 
(0.8-2.2%), millet (0.2 to 1.0%), sorghum (0.7 
to 1.4%) and wheat (0.3 to 1.4%) (Lestienne, 
2004).  
Concerning antioxidant activity, it was 
measured by trapping radicals of ABTS and 
DPPH by methanolic extracts of cocoa 
placenta. These values are recorded in Table 3. 
The value of the inhibition rate of DPPH 
increases in the cocoa placenta after 
fermentation. In the fresh state, from 9.46±0.53 
μM Trolox Equivalent/g DW, it increases to 
13.05±0.13 μM Trolox Equivalent/g DW. The 
value of the inhibition rate of the ABTS also 
increases from the fresh state (from 12.73±0.28 
μM Trolox Equivalent/g MS) to the fermented 
state (13.77±0.21 μM Trolox Equivalent/g 
DW). 
Analysis of the results of antioxidant activities 
by radical scavenging of DPPH and ABTS 
showed that the fermentation allowed an 
increase in the antioxidant activities of the 
different types of placenta studied despite the 
decrease in tannins and flavonoids levels. One 
of the reasons for the increase in antioxidant 
activities after fermentation is due to the 
increase in total phenols levels and the 
inhibition of oxidative enzymes by 
fermentation. This could contribute to the 
body's defense by fighting infections (Daverio, 
2005; Gilet, 2006). In the end, the fermentation 
of the placenta improves the nutritional 
qualities and the health interest of this food. 

 
 
 

http://www.afst.valahia.ro/


Annals. Food Science and Technology 
2019 

 
 

Available on-line at www.afst.valahia.ro 611 Volume 20, Issue 3, 2019 
 

 
Table 3: Phytochemical contents and antioxidant activity of fresh and fermented cocoa 
placenta 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Tests: n = 3; the means ± standard deviation, assigned different letters on the same line are significantly different at  
p <0.05 according to Duncan's test 

 
 
CONCLUSION  
The aim of this study was to contribute to the 
valorization of a cocoa by-product, in particular 
the placenta. At the end of this study, it appears 
that fermentation influences the overall level of 
nutrients in the placenta. In particular, levels of 
proteins, lipids, ash, fibers and antioxidant 
activity have increased while levels of sugars, 
tannins, oxalates and flavonoids have 
decreased. Cocoa placenta could be an 
important additive in food products as a 
potential natural source of nutrients, 
antioxidants and bioactive compounds useful 
for nutrition and human and animal health. 
Fermentation of the fresh cocoa placenta also 
improved its mineral composition. Fresh and 
fermented cocoa placenta from physiologically 
mature pods in west-central Côte d'Ivoire have 
shown good nutritional values and therapeutic 
compounds, but may be subject to conservation 
and deterioration problems due to their high 
water content. 
For proper use of this by-product in the food 
industry, this placenta should be retained and 
included in foods as a commodity or food 
additive. 
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