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ABSTRACT 

Consumption of cocoa products has recently increased due to its organoleptic qualities 

and potential benefits to human health. To meet this demand without compromising the activity in 

the sector for future generations, a new hybrid called "cocoa Mercedes" was developed in Côte 

d'Ivoire for its early production and high yield. Thus, Ivorian cocoa production is dominated by 

this new hybrid and the Forastero variety. In the present study, samples of these two varieties 

from two major production areas (Abengourou and Divo) and samples of two cocoa products 

were compared to estimate the influence of genotype, soil and technological treatment on 

chemical composition and antioxidant capacity. The dry extracts were obtained from the cocoa 

paste or powder after maceration in 70% ethanol and then evaporation. Phytochemical analysis 

and antioxidant capacity by DPPH and ABTS tests were performed. The results showed that these 

samples contain saponins, alkaloids, sterols, polyterpenes and polyphenols including flavonoids, 

leuco anthocyanins and tannins. The genotype has no influence on the total phenol content. On the 

other hand, it influences the total flavonoids, total tannins and fat contents as well as the 

antioxidant activity. Soil characteristics and technological treatment also influence the levels of 

total phenols, total tannins and fat as well as antioxidant activity. 
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1. INTRODUCTION 

According to the Belgian Development 

Agency "Trade for Development Center", cocoa is the 

third largest food market in the world, with an annual 

trade amount estimated at around US $ 10 billion4. 

With the emergence of a middle class in several 

countries in Asia, Latin America and Eastern Europe, 

demand for cocoa and its derivatives has increased in 

recent years. According to statistics from the 

International Cocoa Organization15, demand, 

approximated by the quantities crushed, rose from 2.96 

million tons in 2000 to nearly 4.252 million tons in 

2014. This particular interest in cocoa and cocoa 

products are mainly due to their organoleptic qualities 

and, secondly, to their beneficial effects on health, 

thanks to their chemical composition. 

 It is well known that cocoa and its derivatives 

are a rich source of many biologically active and 

structurally different compounds of which polyphenols 

and alkaloids are predominant30. In recent years, 

several studies have focused on cocoa polyphenols 

because of their potential beneficial effects on human 

health. Cocoa polyphenols have been reported to have 

a wide range of biological properties including 

modulating eicosanoid synthesis, increasing nitric 

oxide synthesis and anti-inflammatory cytokines 

production, reducing the oxidation of LDL-cholesterol 

and inhibiting platelets activation18. However, a large 

reduction in the amount of polyphenols is observed 

when producing chocolate from cocoa beans. The 

modification of the polyphenol content is mainly 

related to the fermentation of cocoa and the drying and 

roasting process11. Cocoa is also found in beverages, 

cosmetics, pharmaceuticals and toiletries28. Thus, the 

benefits of cocoa have contributed to an increase in its 

consumption. 

  To meet this ever-increasing global demand, 

the development of cocoa cultivation has grown, 



Indian Journal of Research in Pharmacy and Biotechnology, 2018, 6(1): 16-24 

IJRPB 6(1)                   www.ijrpb.com                    January-February 2018     Page 17 

particularly in Asia, after Africa where it is strongly 

anchored. Côte d'Ivoire produces more than a third of 

the world's cocoa. According to the World Bank, 

cocoa accounts for 15% of Côte d'Ivoire's GDP, more 

than 50% of its export earnings and two-thirds of 

direct and indirect jobs. It is therefore a strategic issue 

for the economic and social development of this 

country, and an important instrument in the fight 

against poverty2,4. In order to guarantee a continuous 

supply while preserving the forest and improving the 

producers' incomes, it was made available to these 

planters, an early and high yielding hybrid produced 

by the “Centre National de Recherche Agronomique” 

(CNRA). Thus, cocoa farmers were encouraged to use 

this new hybrid of classic varieties, called “Mercedes 

cocoa”. In recent years, it has been widely introduced 

in the plantations of producing regions by farmers4. 

Thus, Ivorian cocoa production, which supplies local 

and external industries, remains largely dominated by 

the Forastero variety and this new hybrid. 

However, the work of Clapperton et al. (1994) 

showed differences in polyphenol content up to four 

times between cocoa beans of different varieties. In 

addition, according to Caligiani et al. (2007), cocoa 

beans from different origins contain different amounts 

of (-) - epicatechin and (+) - catechin. Azizah et al. 

(2007) also reported that the polyphenol content of 

cocoa beans may vary according to the country of 

production. We therefore asked ourselves whether, 

apart from increasing productivity, hybridization could 

not affect other characteristics of cocoa. 

The aim of the present study is to determine the 

content of certain chemical compounds (total 

polyphenols, flavonoids, tannin and fat) of this new 

cocoa hybrid from Côte d'Ivoire, the Forastero variety 

and two cocoa products. The influence of geographical 

source, genetic origin and technological treatment on 

the quantity of these chemical compounds and the 

antioxidant capacity of each is also studied. 

2. MATERIALS AND METHODS 

Samples: Crushed cocoa beans from two cultivars 

(Mercedes and Forastero) and commercial cocoa 

powder from two local industries were used for the 

study. The pods were harvested in November 2016 in 

the cities of Abengourou (East) and Divo (South-

West), cities located in two large areas of cocoa 

production in Côte d'Ivoire. After the scab, the beans 

were fermented for five days, sun-dried to reduce the 

moisture content to less than 8% and then crushed to 

obtain the cocoa paste. 

Chemicals: DPPH (2,2'-diphenyl-1-picrylhydrazyl), 

quercetin, Trolex (6-hydroxy-2,5,7,8-

tetramethylchroman-2-carboxylic acid), Folin-

Ciocalteu’s reagent, aluminum chloride, ABTS (2,2'-

azinobis-3-ethylbenzothiazoline-6-sulfonic acid), 

sulfuric acid and ethanol were obtained from Sigma 

(St. Louis, USA). Tannic acid, gallic acid, hexane, 

sodium carbonate and iron sulfate were purchased 

from Merck (Darmstad, Germany); while methanol, 

hydrochloric acid and iron chloride were supplied by 

Prolabo (Briare, France). 

Preparation of extracts: One hundred (100) grams of 

cocoa paste or powder were first deflated and 

homogenized in 2 L of 70% aqueous ethanol. The 

homogenate was then shaken for 24 h with a magnetic 

agitator. After a first filtration on a cotton fabric and a 

second filtration on filter paper (WHATMAN), the 

filtrate was evaporated under vacuum at 30 °C using a 

rotary evaporator of BÜCHI type33. The ethanol 

extract 70% obtained was used to make the various 

tests. 

Phytochemical Screening: Phytochemical test were 

carried out first to establish the presence or otherwise 

of some specific phytochemicals as described by 

Ronchetti and Russo (1971); Hegnauer (1973); 

Wagner (1983) and Bekro et al. (2007). 

Phenolic compounds content: 

Total polyphenolic content: Total polyphenol content 

was determined using Folin-Ciocalteu’s reagent19. A 

volume of 5 ml of the Folin-Ciocalteu’s reagent 

(diluted 10 times with water) and 4 ml of sodium 

carbonate (1 M) were added to 0.5 ml of each cocoa 

extract (0, 1 g / mL). After 15 min incubation at room 

temperature, absorption at 765 nm was measured with 

a spectrophotometer. Gallic acid prepared in a solvent 

mixture of methanol / water (50:50, v / v) was used as 

a standard at concentrations ranging from 0 to 250 mg 

/ mL. The results were expressed as mg gallic acid 

equivalents (GAE) / g extract. Measurements were 

conducted in triplicates. 

Total flavonoid content: The aluminum chloride 

colorimetric method was used to determine the total 

flavonoid content of cocoa extracts7. To 0.5 ml of each 

cocoa extract (0.1 g / ml) was successively added 1.5 

ml of methanol, 0.1 ml of ammonium chloride 10% (w 

/ v), 0.1 mL of potassium acetate (1 M) and 2.8 mL of 

distilled water. After 30 min of incubation at room 

temperature, the optical density was measured 

spectrophotometrically at 415 nm. A methanol solution 

of quercetin was used as a standard at concentrations 

ranging from 0 to 100 μg / mL. The results were 

expressed as mg quercetin equivalents (QE) / g extract. 

Measurements were conducted in triplicates. 

Tannin content: Total proanthocyanidins were 

determined in cocoa extracts according to the method 

of Sun et al. (1998). Thus, 3 mL of a methanolic 

solution of vanillin 4% (w / v) and 1.5 mL of 

hydrochloric acid were added to 0.5 mL of extract of 

each cocoa extract (0.1 mg / mL). After 15 min 

incubation at room temperature, the absorbance was 

read spectrophotometer at 500 nm. Tannic acid has 

been used as a standard at concentrations ranging from 
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0 to 1 mg / mL. The results were expressed as mg 

tannic acid equivalents (TAE) / g extract. 

Measurements were conducted in triplicates. 

Fat content: The butter content was determined 

according to the AFNOR method (1991). Ten (10) 

grams of cocoa powder or cocoa paste was introduced 

into a previously tared cellulose extraction cartridge. 

The cotton plugged cartridge was placed in the Soxhlet 

extractor. The total fats were then extracted with 300 

mL of hexane at reflux for 7 hours at boiling. Hexane 

was evaporated using a rotary evaporator. The 

previously tared extraction flask was oven dried at 100 

°C for 20 minutes. The whole (balloon + lipids) was 

weighed and the percentage of fat was calculated 

according to the following equation: 

Fat content = ((balloon mass with lipids - empty 

balloon mass) / sample mass) x100. Measurements 

were conducted in triplicates. 

Antioxidant capacity (AC): 

DPPH radical scavenging activity: The AC was 

measured in terms of free radical scavenging ability 

according to the DPPH method21 with some 

modifications. A range of concentrations (0-200 μg / 

mL) of cocoa extract or quercetin (reference 

antioxidant) was prepared in ethanol / water (70/30) (v 

/ v). A volume of 100 μL of this solution was added to 

3.9 mL of 70 μM methanol DPPH solution. The 

mixture was incubated for 15 min at room temperature 

in a dark. Absorbance was measured at a wavelength 

of 517 nm using methanol as blank. The radical 

scavenging activity was calculated using the following 

formula: 

Radical scavenging activity (%) = ((A0 - Aextract) / A0) x 

100. 

Where, A0 is the absorbance of the diluted DPPH and 

Aextract the absorbance of the extract and diluted DPPH 

at 517 nm. The activity is expressed as inhibitory 

concentration IC50, that is the amount of extract 

necessary to decrease by 50% the initial DPPH• 

concentration. Measurements were conducted in 

triplicates. 

Trolox equivalent antioxidant capacity (TEAC) 

assay: The ABTS or TEAC (Trolox Equivalent 

Antioxidant capacity) was determined according to 

Choong et al. (2007). This method is based on the 

ability of an antioxidant to scavenge the preformed 

radical cation ABTS•+ relative to that of the standard 

antioxidant Trolox. ABTS (8 mM) was made to react 

with potassium persulfate (3 mM) in the dark at room 

temperature for 13 h, so as to obtain the 

ABTS•+radical. Then, the solution was diluted in 

methanol to an absorbance of 0.700 ± 0.020 at 734 nm.  

An aliquot of 0.1 mL of diluted extract was 

added to 3.9 mL of diluted ABTS•+ to react in the dark 

at room temperature for 6 min, and absorbance at 734 

nm was recorded. Trolox was used as a standard with 

its final concentrations ranging from 0 to 1.5 μM. 

Results were expressed as Trolox equivalent 

antioxidant capacity (TEAC, μmol of Trolox/L of 

extract). All extracts were analyzed in triplicate. 

Statistical analysis: Statistical analysis was performed 

using R Statistical Software (version 3.3.0; R 

Foundation for Statistical Computing platform). The 

data were analyzed by two-way analysis of variance to 

test the effects of two factors: locality (Abengourou 

and Divo) and genetic source (Mercedes Forastero). 

Tukey multiple comparison test was applied for 

comparisons of means, and differences were 

considered significant at p 0,05. Graphs were 

performed using GraphPad Prism 5.0 software 

(Microsoft USA).  

3. RESULTS AND DISCUSSION 

Phytochemical Screening: Several chemical groups 

were identified in the various cocoa samples studied 

(Table 1). These are polyphenols, flavonoids, tannins, 

leuco anthocyanins, sterols and saponins. However, 

there is an absence of quinones in these extracts. 

Table.1. Different groups of compounds highlighted in cocoa extracts 
Extracts Polyphenols Flavonoids Leuco 

anthocyanins 

Tannins Saponins Alkaloids Sterols 

polyterpens 

Quinones 

    G C  M W   

MCA + + + + + + + + + - 

FCA + + + + + + + + + - 

MCD + + + + + + + + + - 

FCD + + + + + + + + + - 

CC1 + + + + + + + + + - 

CC2 + + + + + + + + + - 

 

+: Presence of phytochemical, - : Absence of phytochemical 

G: Gallic, C: Catechic, M: Mayer-Valser, W: Wagner. 

MCA: Mercedes Cocoa of Abengourou, FCA: Forastero Cocoa of Abengourou, MCD: Mercedes Cocoa of Divo, FCD: Forastero Cocoa of 

Divo, CC1: Commercial cocoa 1, CC2: Commercial cocoa 
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Content of phenolic compound: 

Total polyphenols: Table 2 shows that there is a 

significant effect of the locality factor (F (1.8) = 

160.17, P <0.05). However, there is no significant 

difference between the varieties of each locality as 

shown in Figure 1. The results also indicate that the 

two commercial samples studied have the lowest total 

polyphenol contents. 

Table.2. ANOVA table for total polyphenols 

 Df Sum Sq Mean Sq F value Pr (>F) 

Variety 1 300 300 1.5000 0.2555 

Locality 1 32033 32033 160.1667 1.428e-06*** 

Variety:Locality 1 33 33 0.1667 0.6938 

Residuals 8 1600 200   

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Figure.1.Total polyphenol content of cocoa extracts 

MCA : Mercedes Cocoa of Abengourou, FCA : Forastero Cocoa of Abengourou, MCD : Mercedes Cocoa of Divo, 

FCD : Forastero Cocoa of Divo, CC1 : Commercial cocoa 1, CC2 : Commercial cocoa 2. Values with different 

letters are significantly different (P < 0.05). 

 

Total flavonoids: The results indicate that only the 

variety factor has a significant main effect (F (1.16) = 

45.92, P <0.05) (Table 3). Thus, regardless of the 

geographic origin of the cocoa, the total flavonoid 

content of the Forastero is higher than that of the 

Mercedes (Figure 2). In addition, there is no 

significant difference between the total flavonoid 

content of the two commercial samples and those of 

Forastero and Mercedes. 

Table. 3.ANOVA Table for Total Flavonoids 

 Df Sum Sq Mean Sq F value Pr (>F) 

Variety 1 1.11021 1.11021 45.9238 0.0001411 *** 

Locality 1 0.02708 0.02708 1.1200 0.3208325 

Variety:Locality 1 0.00101 0.00101 0.0417 0.8432739 

Residuals 8 0.19340 0.02418   

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Figure.2. Total flavonoid content of cocoa extracts 

MCA : Mercedes Cocoa of Abengourou, FCA : Forastero Cocoa of Abengourou, MCD : Mercedes Cocoa of Divo, 

FCD : Forastero Cocoa of Divo, CC1 : Commercial cocoa 1, CC2 : Commercial cocoa 2. Values with different 

letters are significantly different (P < 0.05). 
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Total tannins: The results show that there is a 

significant main effect of variety factor (F (1.8) = 

13.94, P <0.05) and locality factor (F (1.8) = 61.47, P 

<0.05) (Table 4). There is also significant interaction 

variety per localty (F (1.8) = 71.06, P <0.05). Thus, for 

the locality of Abengourou, the total tannin content of 

the Mercedes is higher than that of the Forastero. On 

the other hand, for samples from Divo, the total tannin 

content of Mercedes cocoa is lower than that of 

Forastero cocoa (Figure 3). The multiple comparison 

test also indicates that the two commercial samples 

studied had the lowest total tannin contents (Figure 3). 

Table.4.ANOVA table for total tannins 

 Df Sum Sq Mean Sq F value Pr (>F) 

Variety 1 363.33 363.33 13.938 0.00576 ** 

Locality 1 1602.45 1602.45 61.473           5.047e-05*** 

Variety:Locality 1 1852.32 1852.32 71.058           2.991e-05 *** 

Residuals 8 208.54 26.07   

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Figure.3. Total tannin content of cocoa extracts 

MCA : Mercedes Cocoa of Abengourou, FCA : Forastero Cocoa of Abengourou, MCD : Mercedes Cocoa of Divo, 

FCD : Forastero Cocoa of Divo, CC1 : Commercial cocoa 1, CC2 : Commercial cocoa 2. Values with different 

letters are significantly different (P < 0.05). 

Fat content: The results in Table 5 show that there is a 

significant main effect of variety factor (F (1.8) = 

40.24, P <0.05) and locality factor (F (1.8) = 7.97; P 

<0, 05). The multiple comparison test only confirms 

the effect of the variety factor. Thus, regardless of the 

locality of production, the fat content of Mercedes 

cocoa is higher than that of Forastero cocoa (Figure 4). 

Also, the test indicates that the two commercial 

samples studied have the lowest fat contents. 

Table.5. ANOVA table for fat 

 Df Sum Sq Mean Sq F value Pr (>F) 

Variety 1 28.1520 28.1520 40.2364 2.222e-4 *** 

Locality 1 5.5760 5.5760 7.9696           0.022388* 

Variety:Locality 1 0.1587 0.1587 0.2268           0.646625 

Residuals 8 5.5973 0.6997   

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 
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Figure.4. Fat contents of cocoa extracts  

MCA : Mercedes Cocoa of Abengourou, FCA : Forastero Cocoa of Abengourou, MCD : Mercedes Cocoa of Divo, 

FCD : Forastero Cocoa of Divo, CC1 : Commercial cocoa 1, CC2 : Commercial cocoa 2. Values with different 

letters are significantly different (P < 0.05). 
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Antioxidant capacity: Antioxidant activity by the 

TEAC method: The results in Table 6 show that there 

is a significant main effect of variety factor (F (1.8) = 

121.30, P <0.05) and city factor (F (1.8) = 110.75; P 

<0, 05). There is also significant interaction variety per 

locality (F (1.8) = 71.06, P <0.05). Thus, for the 

locality of Abengourou, the antioxidant activity of 

Forastero is superior to that of Mercedes. In contrast, 

for samples from Divo, no significant difference was 

observed between the activity of the two varieties 

(Figure 5). The results also indicate that the 

antioxidant activity of the commercial samples studied 

is significantly lower than that of the cocoa bean 

extracts. 

Table.6. ANOVA Table for Antioxidant Activity (TEAC) 

 Df Sum Sq Mean Sq F value Pr (>F) 

Variety 1 97.413 97.413 121.297 4.111e-06* ** 

Locality 1 88.944 88.944 110.7525 5.790e-06 *** 

Variety:Locality 1 47.720 47.720 59.4215 5.699e-05 *** 

Residuals 8 6.425 0.803   

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Figure.5. Antioxidant activity of cocoa extracts 

MCA : Mercedes Cocoa of Abengourou, FCA : Forastero Cocoa of Abengourou, MCD : Mercedes Cocoa of Divo, 

FCD : Forastero Cocoa of Divo, CC1 : Commercial cocoa 1, CC2 : Commercial cocoa 2. Values with different 

letters are significantly different (P < 0.05). 

Antiradical activity: The antiradical activity of the 

cocoa extracts expressed by their inhibitory 

concentration (IC50) is shown in Table 7. Forastero 

cocoa extracts have a higher activity than the 

Mercedes cocoa extracts whatever the locality (P 

<0.05). Also, among the cocoa extracts, those from 

Abengourou have the best antiradical activity while 

those from the trade have the lowest antiradical 

activity. 

Table.7. IC50 cocoa extracts and quercetin 

 Extracts MCA FCA MCD FCD CC1 CC2 QUER 

IC50 (µg/mL) Mean 219,7c 198,6b 281,2e 232,4d 433,3f 723,0g 63,38a 

Standard error 0,885 0,995 0,692 1,009 1,478 1,206 0,369 

Discussion:  

The results of the phytochemical screening 

revealed that both varieties of cocoa studied have rich 

and varied compositions of secondary metabolites 

irrespective of production area. It is the same for the 

two finished products (CC1 and CC2). Polyphenols, 

flavonoids, catechin and gallic tannins, leuco 

anthocyanins, alkaloids, sterols and saponins are found 

in all cocoa extracts. These results are similar to those 

of Isuka et al. (2013) who showed that cocoa is a 

source of several chemical compounds. Thus, the 

many therapeutic and nutritional virtues of cocoa 

products could be attributed to this phytochemical 

wealth. 

Regarding the determination of phenolic compounds, 

the results showed that the geographical origin has an 

effect on the total polyphenol content. These results 

are in agreement with those of Yapo et al. (2013) who 

showed that cocoa from Abengourou has higher total 

polyphenol content than Divo’s cocoa. This could be 

explained by the properties of the soil. Indeed, 

Abengourou has a ferralitic soil strongly desaturated 

while that of Divo is lateritic. 

Analysis of polyphenol classes showed that the 

genotype has an effect on total tannin content and total 

flavonoid content. The flavonoid content is also 

influenced by soil with a genotype / soil interaction. 

Regarding commercial cocoa extracts, the results 

showed that their levels of total polyphenols and total 

tannins are lower than those of beans. The passage of 
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the bean to the cocoa powder requires certain 

treatments including roasting and alkalization. Several 

studies have shown that roasting significantly reduces 

total polyphenol and tannin levels. According to the 

authors, this reduction could probably due to the high 

redox-activity of polyphenols in a high oxygen 

environment11,14. 

Most natural antioxidants are multifunctional. 

Evaluating their activity in foods requires more than 

one method12. ABTS and DPPH activities showed high 

correlation in most tests to determine the antioxidant 

properties as having the same chemical property25. In 

the present work, two different methods were used to 

measure AC. The ABTS and DPPH methods used 

have shown that Forastero cocoa of Abengourou has 

the higher antioxidant capacity. However, the activity 

of the cocoa extracts does not evolve in the same order 

as that of their total polyphenol contents. This could be 

explained by the fact that the antioxidant activity is not 

only a function of the quantity of polyphenols in a 

sample, but also of their quality because, according to 

our results, the flavonoid and tannin contents do not 

evolve in the same order as the total polyphenol 

content. Indeed, there is a structural heterogeneity 

within the phenolic compounds. Studies on the 

relationship between the chemical structure of 

phenolic compounds and their free radical scavenging 

ability have shown that the antiradical activity is 

dependent on the number, position and nature of the 

substituents on the benzene rings and the degree of 

polymerization27. Similarly, the lack of correlation 

between the polyphenol content and the antioxidant 

capacity observed in some cases could suggest the 

presence of interaction between the antioxidants in the 

cocoa bean. Indeed, the work of Popovici et al. (2009) 

showed synergistic but also antagonistic effects in 

model solutions that contained several functional 

compounds with antiradical activity. 

Moreover, it is noted that regardless of the 

geographical area or the cultivar, the beans showed a 

better antioxidant activity than that of the cocoa 

products (CC1 and CC2), and this in correlation with 

the total polyphenol contents. These results are 

consistent with those of N'guessan et al. (2007) who 

showed a correlation between total polyphenol 

contents and antioxidant activity. Functional groups 

present in phenolic compounds in general can easily 

give up an electron or proton to neutralize free 

radicals8. 

As regards fat, Mercedes cocoa of Abengourou 

had the highest content (p <0.05). Also, whatever the 

geographical origin, the fat content of Mercedes cocoa 

is still higher than that of Forastero cocoa (p <0.05). 

Zak and Keeney (1976) reported that cocoa bean fat 

accounted for 53% to 58% of the cotyledon dry 

weight. These values are much higher than those 

obtained in this study (MCA (46.69%), MCD 

(45.56%), FCA (43.86%) and FCD (42.27%)). But, it 

should be noted that, in addition to climatic, genetic 

and geographical factors, the method used to extract 

fat has an effect on the values obtained22. Both 

commercial samples showed low fat contents (CC1 

(13.32%) and CC2 (8.87%)) compared to those of 

beans. These values are in agreement with those 

required by international standards which are less than 

20% for soluble cocoa powder. 

According to Jeanjean (1995), the physical and 

biochemical characteristics of the cocoa bean are under 

genetic control, but also affected by the environment 

(cultural practices, harvesting, post-harvest treatments, 

microflora and finished product processing) and by the 

interactions between the genotype and the 

environment, with more or less intensity depending on 

the characters. However, although these interactions 

are poorly studied in cocoa, research at the post-

harvest level shows that they are crucial for a high 

quality finished product. 

4. CONCLUSION  

The genotype, culture conditions and 

technological treatment of cocoa beans appear to 

influence their polyphenol and fat content and their 

antioxidant activity. The present study found variable 

values in cocoa bean and cocoa products samples used, 

although sometimes there are interactions between 

certain factors for some samples. This study has shown 

that the polyphenol content and its associated 

antioxidant capacity vary considerably from the cocoa 

bean to the commercially available cocoa powder. 

Research must be done in this direction to minimize 

the impact of the treatment on the quality of the final 

product. Also, future research should also investigate 

the effect of possible interactions between phenolic 

compounds on antioxidant activity with natural 

extracts.  
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