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Abstract 
  

This research aims to utilize the liquid smoke, charcoal, oil and gas that have been produced from 
cocoa waste shell from fast pyrolysis technology at 125-500 oC. The charcoal of the cocoa waste was 
analyzed using a bomb calorimeter at 5925 cal/g showed that it contains 52.02% of lignin; 17.27% of alpha 
cellulose and 19.56% of hemicellulose, respectively. The HPLC analysis of Wajo district cacao bean resulted 
in polyphenol compound as 308.35. GC-MS analysis of cocoa shell liquid smoke that pyrolized at 125-500 oC 
produces severals compounds such as acetic acid, n-buthane, methyl esther, propanoac acid, butanoac acid, 
methyl pyridine, 1-hydroxy-2-propanone, and mequinol. The FTIR analysis of cocoa bean showed a hydroxyl 
group at 3450.65 cm-1, carbonyl group at 1730.15 cm-1, CH group at 719.45-607.58 cm-1. The crystallinity 
degree of Wajo District cocoa shell analyzed using XRD was 26,50%. The existence of chemical compounds 
in liquid smoke products have been found as raw chemicals.  Content of biomass carbon at these cacao waste 
increased according to the increase of pyrolisis temperature, while the carbon emission of these three 
materials decreased as the temperature increased. Compound polyphenol from cacao bean has a potent as 
anti oxidant that is friendly  for environmental and healthy. 
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Introduction 
 

The production of chocolate from cacao have 
been producing biomass waste, such as cocoa shell, 
cocoa bean, and pod husks [1]. The waste were not 
utilized properly by thrown away and burned. On 
the other way, the production of charcoal for urban 
cooking fuel is a major cause of deforestation, 
environmental degradation, erosion, desertification 
and poverty next [2]. Therefore it is a need to find 
out the content of the cocoa waste and it’s potent in 
order to utilize the waste rather than just throwing 
away to the environment. 

Biomass Pyrolysis is a thermal decomposition 
process of organic compounds in the absence of 
oxygen to obtain liquid smoke, charcoal, gas, and 
sometimes producing oil [3]. Bio-oil is considered 
as alternatives to petroleum for many solvents, 
fuels and chemicals and other products [4]. The 
temperature pyrolysis of waste is usually done in a 
range between 400 to 800 °C with parameters 
heating rate varied from 5 °C /minute to 25 °C/min 
[5].  

The purposes of this study are to determine the 
content of polyphenols from cocoa beans, produce 

liquid smoke, charcoal and active carbon through 
pyrolysis process. Biaoctive chemical compounds 
that found in the cocoa waste can be recommended 
to use as chemical raws. 

 
Research Method 
 

Cacao Pod husks from Wajo District were cut 
into small pieces with a size of 40-60 Meesh, then 
dried up to 10-20% (w/w). The lignin and cellulose 
contents were analyzed using Differential Thermal 
Analyses (DTA/TGA) to determine the 
decomposition of materials due to temperature 
changes are made by heating the material to 500 °C 
[2]. The pyrolysis process was dane by putting the 
cocoa pod husks in a kiln made of stainless steel 
which is equipped with an electric heating device, 
three capacitors and two pieces of pumpkin 
container distillate. The combustion temperatures 
that used were 115-500 ° C in a total time of 5 
hours. The resulting liquid smoke formed flowed 
through each stage is obtained in the bottom of the 
kiln to the cooler, the condensate is collected in 
four pumpkin with a volume of 2 liters. The liquid 
smoke was then collected in the separator flask, 
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shaken and left 24 hours of each condensate, to 
precipitate the pitch. The top of the condensate is a 
liquid smoke solution, while the bottom is the 
sediment ter. Liquid smoke pod husks Luwu 
Regency GC MS analysis is done to determine the 
chemical compounds that bioacttive. XRD analysis 
for pod husks and charcoal from cocoa shell. 
 
Result and Discussion 
 

The TGA/DTA analysis of cocoa pod husks 
was shown in Figure 1, which showed the lignin 
decomposition temperature for cacao pod husks 
from Wajo district is in the range of 507.86 oC, 
with weight loss at this stage amounted to 30.67%, 
while for the DTA analysis, it is found in the first 
peak at 320.12 ºC, which started from initial 
temperature to a final temperature 339.99ºC, 
generate heat of 16.06 J and 1.34 kJ/g. These 
results are consistent with research reported by 
Gasparapic et al. [6]. TGA on pyrolysis of wood 
chips decompose hemicellulose in the temperature 
range 200-380 oC and according to Buiyan, et al. 

[7] that proved the TGA waste newspapers which 
the first decomposition was occurred between 38-
142 °C. Cellulose decomposition temperature of 
the skin cocoa fruit is between 325,12 oC closely 
related to research that had been done by Gwenzi at 
al. [8], wherein the cellulose decomposition in the 
temperature range 250-380°C. In previous research, 
thermal decomposition process has been carried out 
for the pyrolysis of biomass and its constituent 
mainly contains celluloce, hemicelluloce and lignin 
types are different [9]. 

Based on the TGA/DTA analysis results, it 
indicated that the cocoa fruit skin contains 19.56% 
of hemicellulose, 17.27% of cellulose and 52.02% 
of lignin. These result was in agree with Wang et 
al. [10] that characterized catalyst pyrolized pine 
wood produced lignin content of 28.6%, 30.1% 
hemicellulose and cellulose 40.8%, respectively. It 
is due to that the lignin content highly depend on 
the different types of raw materials. Lignin does 
not have a repeat unit as well as hemicellulose and 
cellulose, but consists of a complex phenolic unit 
[11]. 

 

 
Figure 1. Analysis result DTA / TGA cacao pod husks 
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Figure 2. FTIR analysis result of cocoa beans Wajo Distric 

 
FT-IR analysis for cocoa beans of Wajo 

District (Figure 2) shows that the wave number 
1109.07 cm-1 indicated dehydrates and 
depolymerization groups of cellulose and 
hemicellulose content. Aromatic peak changes at 
1735.93 cm-1 indicates the presence of C-H group 
from lignin. While the wave number 3459.65 cm-1 
indicate the presence of hydroxyl group (O-H) and 
the absorbance of 719.45 to 607.58 cm-1 indicates 
the presence of C=C-H (aromatic H). The results of 
this study was suppoerted by the research of 
Shances et al. [12], which stated that the FTIR 
analysis for waste fruits showed 3298, 3275 and 
3292 cm-1 identified as the vibration O-H  group of 
alcohol and pectic acid. 

The HPLC analysis relsuted in a highest level 
of polyphenol compound in cocoa waste of Wajo 
District as 308.25. That means the contribution of 
polyphenol compund in cocoa waste, especially 
cocoa bean is about 12-18% of the dried weight of 
the whole bean [8]. 

Table 1 shows the chemical composition of 
the cacao vinegar district Wajo obtained from GC 
MS analysis results are boric acid, n-buthane, 
methyl ester, acetic acid, propanoic acid, butanoic 
acid, cyclopentanone, pyridine, 2-methyl-2-
propanone, 1-(acetyloxy)-, 2-methyl-2-cyclo 
pentenone, ethanone, 1-(2-furanyl)-, butyrolactone, 
cyclopenten-1-one, 3-methyl(CAS), 3-methyl-2-
cyclopentenone, 2-furanmethanol, tetrahydro-, 2-

Cyclopenten-1-one, 2,3-dimethyl-, and mequinol. 
This suggests that components of liquid smoke on 
the skin of the cocoa fruit the process of 
decomposition of hemicellulose and cellulose, it is 
estimated that many acid formed. Increased acidity 
caused by heating and organic acid leaching from 
wood Eucalyptus [9]. Identification of the groups 
of phenolic compounds, acids, esters, ketones, 
alcohols, furans and so on, then the separation 
process is carried out to determine the production 
of phenolic compounds that have the potential as a 
chemical base material. The results of this study are 
supported by [10], that the compounds produced 
from pyrolysis of corn stalks at a temperature of 
450 ° C containing ketones, furan, carboxylic acids 
and alcohols. Compounds resulting from the 
pyrolysis of two types of coffee waste (TR1 and 
TR2) at 300, 400, 500, and 600 ° C contains several 
groups of compounds including phenols, alkanes, 
alkenes, steroids, acids, esters, ketones, benzene 
derivatives, and alcohol [1]. 

XRD analysis for cacao shell  Wajo Districtcy 
of 22.51% and charcoal  cacao shell  of 26.50%. 
The results of other studies indicate that the XRD 
analysis for the pyrolysis of rice husk mixture 
(RHS) with the addition of silica carbide (SiC) by 
40% (w / w) after ball milling show that α-SiC, β-
SiC, and carbon in the mixing phase. [13] Charcoal 
yield decreased from 44.72% to 31.58% at a 
temperature of 430-620 C. pyrolysis increased [6]. 
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Table. 1. Chemical composition of Cacao Vinegar at various temperatures 
 Chemical composition  

of Cacao Vinegar 
Cooncentration (%) 

 Boric Acid 3,64 
n--Butane 13,75 
Methyl  ester 1,73 
Acetic acid  61,90 
Propanoic acid  2,31 
Butanoic acid  1,44 
Cyclopentanone  0,99 
Pyridine, 2-methyl-  1,16 
2-Propanone, 1-(acetyloxy)-  1,09 
 2-Methyl-2-cyclopentenone   1,24 
Ethanone, 1-(2-furanyl)- 0.46 
 Butyrolactone 1,98 
 3-Methyl-2-cyclopentenone 1,23 
-Furanmethanol, tetrahydro 2,59 
 2-Cyclopenten-1-one, 2,3-dimethyl- 0,86 
Mequinol  2,63 

 
Table. 2. Proximate analysis cacao charcoal shell District Wajo 

No Sample Water 
(%) 

 volatile 
matter (%) 

ash content 
(%) 

Fixed 
Carbon (%) 

1 Cocoa shell charcoal       3,235 22,555 12,239 65,206 
2 Cocoa wood charcoal   4,849 18,671 6,243 75,086 

 
 

    
(a)                                                              (b) 

 
Figure 3. Result analysis XRD cocoa shell and cocoa shell charcoal 

 
Conclusion 

Based on the objectives and results of research 
that has been done a number of conclusions as 
follows: (1). The content of polyphenols from 
cocoa beans to produce 308.25 Luwu regency, 
potentially as   an antioxidant; (2). Analysis of 
Luwu Regency rind cocoa pod husks known to 

produce hemicellulose content of 19.56%, 17.27% 
cellulose and lignin 52.02%; and (3). The chemical 
composition of the liquid smoke pod husks 
obtained Luwu district of GC MS analysis resulted 
some raw materials.  

Further research is needed for higher 
temperature variations and the necessary separation 
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of compounds for gas products as well as other 
compounds that have the potential as a chemical. 
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