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Abstract 

 

This investigation aims to establish the optimum parameters to extract polyphenols from cocoa bean 
shell (CBS). Time, solvent and method of extraction were considered as factors and Total Content of 
Polyphenols (TCP) expressed as Gallic Acid Equivalent (GAE) was selected as the response. Results 
showed that using factorial design the optimum conditions were water in reflux during 5 minutes (262.76 
± 20.66 mg GAE/ 100 g). This revealed that CBS represent a high potential of use in food industry, 
principally in the field of functional food development. 
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Introduction 
 

Cocoa beans shell (CBS) is one of the main by-products from cocoa processing and generate a disposal 
problem (Martínez et al. 2012). The use of CBS as an additive in human food have been studied, principally 
for the fiber content (Redgwell et al. 2003). However, studies have reported that CBS contain polyphenols 
(Martínez et al. 2012), which are compounds that exhibit important biological activities such as 
antimutagenic, anticarcinogenic, antioxidant and other beneficial health properties (Bhattacharya et al. 2011, 
Nsor-Atind et al. 2012, Plaza et al. 2016).  

Bioactive compounds, including polyphenols, have been extracted using traditional methods for instance: 
maceration, reflux and soxhlet ( Araujo 2009, Kaneria and Chanda 2012, Aires et al. 2016, Ćujić et al. 2016). 
Nevertheless, these methods consume large quantities of solvents and are time consuming (Heleno et al. 
2016). Novel technologies such as ultrasound-assisted extraction (UAE) has been recently employed for 
polyphenols extraction (Ghitescu et al. 2015) and has proved to be more efficient than conventional method 
(Yang and Zhang 2008). Hence, the aim of this investigation is to compare the use of method of extraction, 
reflux and ultrasound assisted extraction to determinate an optimum method of extraction, solvent choice and 
time process to obtain a high yield of polyphenols from CBS. 
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Materials and Methods 
Chemicals and reagents 
Ethanol (Panreac, USA), petroleum ether and sodium carbonate (JT Baker, USA) were of analytical grade. 
Deionized water was obtained from a Mili-Q water purification system (Millipore, USA). Gallic acid and Folin 
and Ciocalteu’s reagent were supplied by Sigma-Aldrich. 

Sample 

Cocoa bean shells were dried at 60ºC in an oven using air circulation during 16 h. The dried sample was 
hand milled, sieved through a 200-mesh screen and defatted with petroleum ether in a Soxhlet apparatus. 

Extraction 

Reflux: Dried, defatted and powdered material was refluxed using a sample: solvent ratio (water or ethanol) 
of 1:10. The extraction was performed in the following time intervals: 5, 15, 30 and 60 minutes.  

Ultrasound assisted extraction (UAE) 

An ultrasonic bath VWR of 35 KHz and 180 W was employed. The extraction of polyphenols was performed 
by adding 2 g of dried, defatted and powdered sample into 20 ml of solvent (water or ethanol) in a 25 ml 
flask. This experiment was carried out using the same time intervals of reflux extraction. 

Total polyphenol content 

Total polyphenol content (TPC) was determinate by spectrophotometry using the Folin and Ciocalteu’s 
method and was expressed as gallic acid equivalents (GAE) in mg/100 g dry material (Lachman et al. 2010). 
A total of 250 µl of sample and 250 µl Folin and Ciocalteu’s reagents 1N were mixed, 5 minutes later 20% of 
sodium carbonate (750 µl) was added. Absorbance was read after 90 minutes at 765 nm. 

Experimental design and statistical analysis 

The experiment was performed in three replicates; each replicate consisted of 16 variable combinations 
(run). The factors studied where method (Factor A), solvent (Factor B) and time of extraction (Factor C). 
Analysis of variance (ANOVA) was used to determinate the main effects of method (X1), solvent (X2) and 
time of extraction (X3), and the interaction between the effects on total polyphenol content expressed as mg 
GAE/100 g of sample. 

Results  

The experiment was performed in three replicates; each replicate consisted of 16 variable combinations (run). 
The factors studied where method (Factor A), solvent (Factor B) and time of extraction (Factor C). The factors 
and levels considered for the experiment are given in Table 1. 
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Table 1. Full factorial design experimental matrix 

Run Design Response 

 

(X1) (X2) (X3) Trial 1 Trial  2 Trial 3 

1 UAE Water 5 min 93.41 66.44 68.48 

2 UAE Ethanol 5 min 30.42 38.54 53.10 

3 Reflux Water 5 min 285.89 256.08 246.30 

4 Reflux Ethanol 5 min 59.37 38.70 42.00 

5 UAE Water 15 min 60.02 91.43 89.37 

6 UAE Ethanol 15 min 70.82 49.17 68.14 

7 Reflux Water 15 min 17.30 176.13 185.88 

8 Reflux Ethanol 15 min 72.01 46.37 42.47 

9 UAE Water 30 min 137.82 113.30 163.26 

10 UAE Ethanol 30 min 64.69 81.09 74.98 

11 Reflux Water 30 min 179.29 214.62 183.09 

12 Reflux Ethanol 30 min 47.01 45.75 41.36 

13 UAE Water 60 min 162.73 115.85 134.85 

14 UAE Ethanol 60 min 58.67 73.29 50.61 

15 Reflux Water 60 min 208.73 182.82 190.62 

16 Reflux Ethanol 60 min 31.03 41.20 20.24 

From Table 2, the p-value indicated the significant effect on TPC. All factors and interactions were significant 
at 0.05%. F-ratio indicated that solvent (583.52) had the higher effect on TPC, followed by the interaction 
between method and solvent of extraction (170.83). On the other hand, time had the lowest effect of TPC 
(3.01). The main effect plot showed in Fig. 1 revealed that the water increased the TPC during the extraction. 
Longer extraction time decrease the TPC and reflux method gave higher yield of TPC than UAE. 
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Table 2. The ANOVA of factorial design for polyphenol extraction 

Analysis of variance (ANOVA) 

Degree of freedom (f) Sum of 
Sq. Mean Sq. F-ratio p-value 

Method 1 20993 20993 90.94 0.00 

Solvent 1 134702 134702 583.52 0.00 

Time (min) 3 2082 694 3.01 0.04 

Method*Solvent 1 39436 39436 170.83 0.00 

Method*Time(min) 3 13974 4658 20.18 0.00 

Solvent*Time (min) 3 5263 1754 7.60 0.00 

Method*Solvent*Time (min) 3 4646 1549 6.71 0.00 

Other (error) 32 7387 231 - - 

Total 47 228483 - - - 

R2 = 96.77%, R2 (adj) = 95.25% 

 

Fig. 1: Main effects plot for polyphenol extraction. 
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The optimum parameters for polyphenol extraction according to Fig. 2 were reflux method, water solvent and 
5 minutes of extraction. 

 

Fig. 2: Interaction effects plot for polyphenol extraction. 

Discussion 
Full factorial design determined that reflux used with water incremented the extraction of polyphenols. The 
high temperature of the process decreases water density and viscosity, which increase the mass transfer. 
Also, intermolecular interaction with water decreases using reflux, which allow a higher molecular motion and 
increment solute solubility (Wei et al. 2013). Moreover, dielectric constant of water decreases using reflux 
which make non polar polyphenols to solubilize into water (Filly et al. 2016).   

The values of TPC of CBS (262.73 ± 20.65 mg GAE/100 g sample) extracted with reflux using water by 5 
min are higher than values reported for CBS extracted with a mixture of methanol – acetone (154.43 mg 
GAE/100 g sample). In contrast, extraction with UAE using ethanol by 30 min (73.59 ± 8.29 mg GAE/100 g 
sample) was lower than TPC reported for CBS using ethanol (82.37 mg GAE/100 g sample ) (Martínez et al. 
2012). A comparison of TPC value with others fibers waste indicated that CBS contain more polyphenols 
than tomato peels (158.10 ± 7.70 mg GAE/100 g sample) (Navarro-González et al. 2011) and orange peel 
(49.94 mg GAE/100 g sample) (Boukroufa et al. 2015) but less TPC than parrot peel (1380 mg GAE/100 g 
sample) (Chantaro et al. 2008). In this context, this value added CBS extract represent a high potential of 
use in food industry, principally in the field of functional food development. 
Conclusion  
CBS represent an interesting source of polyphenols and can be used to enrich different kind of food. 
Extraction result feasible since water and traditional method of extraction, reflux, works well to obtain 
polyphenols. 
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