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APRESENTAÇÃO 

O e-book “Tópicos Multidisciplinares em Ciências Biológicas” é uma obra 
composta por estudos de diferentes áreas das ciências biológicas e da saúde. Em 
seus 16 capítulos o e-book aborda trabalhos de pesquisas, de ensino, relatos de casos 
e revisões da literatura mostrando avanços e atualidades nesse campo.

As ciências biológicas englobam áreas do conhecimento relacionadas com a vida 
e incluem a biologia, a saúde humana e a saúde animal. Nesta obra, apresento estudos 
vivenciados na prática profissional e na formação acadêmica relacionados aos cursos 
de graduação e de pós-graduação em biologia, biomedicina, biotecnologia, nutrição, 
medicina, fisioterapia, química, engenharia biomédica, arquitetura entre outros.

Este volume tem objetivo de compartilhar o conhecimento científico aplicado 
às ciências biológicas e suas áreas afins, potencializando discussões e abordagens 
contemporâneas em temas variados. Agradeço aos autores que tornaram essa edição 
possível e desejo uma ótima leitura a todos.

Prof. Dr. Edson da Silva
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CAPÍTULO 13

EXTRACTION AND CRYSTALLIZATION OF CAFFEINE 
FROM COFFEE HUSKS

Data de submissão: 17/11/2019.
Data de aceite: 20/01/2020

Ana Paula Silva Capuci
Universidade de Uberaba, Departamento de 
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ABSTRACT: In the last decade, the production 
of coffee husks in the world increased by 28%, 
the ratio between the obtained grain and the 
coffee husk is 1: 1. It is known that caffeine is a 
psychomotor stimulant, whose main property is 
to stimulate mental activity, relieving sleep and 
fatigue. The present work presents an alternative 
for the disposal of this residue by solid-liquid 
extraction of the caffeine from the Coffea arabica 
coffee husk, using water as the extracting agent 

and crystallizing the caffeine extracted with the 
controlled cooling technique. The work proposes 
an optimized temperature and roasting time for 
the extraction of caffeine (145.9°C and 5.4 min). 
Under these conditions, 57.7% m/m of caffeine 
can be extracted from the Coffea arabica coffee 
husk. With the crystallization it was possible to 
purify the caffeine, reaching an average purity 
of 88%.
KEYWORDS: Coffee husks. Extraction. 
Caffeine. Crystallization. 

1 |  INTRODUCTION

In the last decade, corresponding to 
the harvest of 2007 and 2008; the harvest of 
2017 and 2018, coffee production worldwide 
increased by 28%. This means that in the last 
decade, production of Arabica coffee increased 
from 74.8 million bags, from 60 kg, to 97.4 million 
bags. The increase of the residue generated 
after the grain processing is proportional to the 
increase of the coffee production, that is to say, 
the ratio between the obtained grain and the 
coffee husk is 1: 1 (EMBRAPA, 2017). Once 
a high amount of residue is generated, for the 
current trade scenario, research is needed for 
its destination. Among some applications of the 
coffee bark, we can mention, as the most usual, 
ruminant feed, nutrient supply in the process of 
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organic fertilization, weed control (EMBRAPA, 2017).
Thus, the present work aims to propose a destination for this residue by extracting 

solid-liquid caffeine from the coffee husk of the Coffea arabica species, using water as 
the extracting agent and crystallize the extracted caffeine with the intention of purifying 
it.

2 |  EXPERIMENTAL

2.1 Extraction of caffeine

Initially, a Central Composite Planning was done around the central points, 
validated by Yoshida (2005) and Fernandes (2007), to evaluate the response of 
caffeine extraction varying temperature (145.9 to 174.1°C) and toasting time (4.36 
to 7.24 min). Sixteen experiments were performed, with 8 replicates at the central 
point. The experiments were carried out in triplicate with husks from the 2018 harvest, 
provided by a producer from Araguari - MG. The coffee husks were cleaned manually 
and with the help of Tyler screens of 2.36 mm opening for removal of soot, twigs and 
coffee beans. Then, 100 g of the coffee straw were inserted into the Carmonaq TP1 
roaster at the operating temperature. The peels remained in the roaster at the given 
time of each experiment. At the end of the toast, the roasted coffee husks were milled 
in Hamilton Beach Adjustable grinder. Then, grading was carried out on Tyler mesh 
screens 35 and 48 in order to remove 5 g of sample with a mean diameter of 0.36 mm . 
The next step was the extraction of caffeine in a Polti Expresso 3000 extractor. Caffeine 
determination was performed according to the method used by Chaves et. al (2004) 
and Fernandes (2007). The infrared spectra of the commercial and crystalline caffeine 
was performed in a Bruker Alpha infrared.

2.2 Crystallization of caffeine

The supersaturated solutions were obtained according to Equations (1) and (2). 
Equation (1), allows the calculation of the concentration of caffeine to be used (C), 
considering the supersaturation (S) and concentration of caffeine at the operating 
temperature (C*). Equation (2) it was used to determine the solubility of caffeine in 
water. The solubility of caffeine was proposed by Nagy et al. (2007).

The seeds were produced by a previously crystallization of commercial caffeine. 
The seeds were subjected to several heating and cooling treatments, in order to promote 
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acicular crystal size growth. For crystallization of extract caffeine, approximately 220 
mL of supersaturated caffeine solution was prepared at 42.9°C. Thereafter, commercial 
caffeine seeds (1.952 g) were added and the stirring was adjusted to 221 rpm. The 
caffeine crystallization from the coffee husk was then monitored by a thermocouple and 
subjected to a controlled cooling process for a period of 180 min until the temperature 
reached 20°C. After completion of the crystallization process, all of the caffeine was 
withdrawn from the glass crystallizer, separated from the mother liquor and stored at 
60°C for 24 h in a stove. The yield of caffeine was determined according to Equation 
(3).

3 |  RESULTS AND DISCUSSION

3.1 Extraction of caffeine

Analyzing the results obtained in the planning, it is observed that both variables 
have a negative effect on the response studied. From the results of the extraction 
experiments performed, the process optimization was performed using Equation (4), 
where y represents the extracted caffeine content, x1, temperature, and x2, time, where 
x1 and x2 are statistically coded values.

This equation was obtained through a multiple regression that relates the isolated 
variables, the interactions and the quadratic terms to the parameter estimation. The 
interactions were not signifi cant, so they were taken from Equation (4). The determination 
of the statistical parameters of the regression was performed through a hypothesis test 
using maximum probability of error in Student’s t-test with a signifi cance level of 10%. 
The square of the regression correlation coeffi cient (r2) was equivalent to 0.89073. The 
residues were random and well distributed. According to the data analysis, it can be 
verifi ed that the lower the time and temperature, within the range studied, the greater 
the amount of caffeine extracted. Within the studied range of temperature and time, the 
optimal points were -1.414 and -0.4525, corresponding to values 145.9°C and 5.4 min 
respectively. Under these conditions, 57.7% of a total of 1.3% m/m of caffeine in Coffea 
arabica coffee husk can be extracted.

According to the results of Yoshida (2005) and Fernandes (2007), it was possible 
to extract 92% of the total caffeine from the same coffee species with an optimum 
time of 5 min and a temperature of 160 ° C. The difference between the optimized 
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parameters of these researchers with those of the present study, in the same range of 
study, may have occurred both by the amount of extraction of a same sample and by 
the use of different rotors. In the first case, the authors made successive extractions 
while for this study a single extraction was performed. Yoshida (2005) and Fernandes 
(2007) used a roaster with perforated body cylinder, in which the heat exchanges during 
the roasting of the shells occurred by conduction and convection, whereas in the work 
presented, a roaster with massive cylinder was used in in which only the conduction 
was characterized as heat exchange.

3.2 Crystallization of caffeine

The crystallization of caffeine extracted from the coffee husk occurred with 
controlled cooling from 42.9°C to 20°C for 180 min, with stirring of 221 rpm and 
supersaturation of 1,135. In the experiments 1.952 g of commercial caffeine seeds 
were added. At the end of the operation the yield was 310.82%. The extracted caffeine 
had a purity of 73% (± 3), after crystallization, the purity obtained was 88% (± 2.8), an 
increase of approximately 21%. When analyzing the crystals obtained in an optical 
microscope (Nikon Eclipse E100), it is observed that they have the characteristic 
acicular form of this organic compound (Figure 1A). The caffeine identification was 
performed by comparing the infrared spectra (Bruker Alpha) of the commercial and 
crystalline caffeine as shown in Figure 1B. The result shows that there is excellent 
agreement on the wave numbers of the specific bands of both spectra. The similarity of 
the forms of the spectra can be justified by the visual comparison of the spectra shown 
in Figure 1B. The crystal was thus identified as being caffeine.
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Figure 1 .(A). Caffeine crystals obtained by cooling crystallization photographed on 4x 
magnifi cation lens under optical microscope. (B). Infrared spectra of standard caffeine (---)and 

crystallized caffeine from coffee husks (---).

4 |  CONCLUSION

In the worked temperature and time range, it was possible to extract 57.7% of the 
caffeine present in the coffee husk in an optimized roasting condition with a time of 5.4 
min and a temperature of 145.9°C. However the heterogeneity of vegetable matter may 
interfere with the amount of caffeine extracted in the process. Crystallization proved to 
be an excellent purifi cation option for the organic compound, with fi nal purity of 88%. 
The characterization tests of the caffeine obtained demonstrated that the technique 
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was able to purify the caffeine and produce crystals with characteristics faithful to the 
crystals of the same pure compound.
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