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APRESENTAÇÃO

O e-book Inovação em Ciência e Tecnologia de Alimentos – Vol 1, 2 e 3, traz um 
olhar integrado da Ciência e Tecnologia de Alimentos. A presente obra é composta 
por 86 artigos científicos que abordam assuntos de extrema importância relacionados 
às inovações na área de Ciência e Tecnologia de alimentos. 

No volume 1 o leitor irá encontrar 28 artigos com assuntos que abordam a 
inovação no desenvolvimento de novos produtos como sucos, cerveja, pães, nibs, 
doce de leite, produtos desenvolvidos a partir de resíduos, entre outros. O volume 
2 é composto por 34 artigos desenvolvidos a partir de análises físico-químicas, 
sensoriais, microbiológicas de produtos, os quais tratam de diversos temas 
importantes para a comunidade científica. Já o volume 3, é composto por 25 artigos 
científicos que expõem temas como biotecnologia, nutrição e revisões bibliográficas 
sobre toxinfecções alimentares, probióticos em produtos cárneos, entre outros. 

Diante da importância em discutir as inovações na Ciência e Tecnologia de 
Alimentos, os artigos relacionados neste e-book (Vol. 1, 2 e 3) visam disseminar o 
conhecimento e promover reflexões sobre os temas. Por fim, desejamos  a todos 
uma excelente leitura!

Vanessa Bordin Viera
Natiéli Piovesan
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VALORIZATION OF WASTE COFFEE HUSKS: 
RECOVERY OF BIOACTIVE COMPOUNDS USING A 

GREEN EXTRACTION METHOD

CAPÍTULO 33

Ádina Lima de Santana
Bioprocesses Laboratory. School of Food 

Engineering. University of Campinas (Unicamp). 
Campinas, São Paulo, Brazil.

adina.santana@gmail.com

Gabriela Alves Macedo
Bioprocesses Laboratory. School of Food 

Engineering. University of Campinas (Unicamp). 
Campinas, São Paulo, Brazil.

macedoga@gmail.com

ABSTRACT: Coffee husks is considered a 
waste from the coffee processing. To the best of 
our knowledge, researches on the valorization 
of coffee husks with the use of environmentally-
friendly methods is scarce. In this work, cold 
hydroalcoholic extraction of coffee husks 
was applied to recover possible bioactive 
compounds, based on the possibility to provide 
novel products with added-value, with the use of 
a low cost processing. Extractions with 50-65% 
ethanol were able to raise the maximum content 
of the phenolic catechin (23.09-28.39g/100gext) 
and alkaloid caffeine (6.99-7.41g/100gext.), 
associated with the highest levels of total 
phenolic content (3.14-3.18 gallic acid 
equivalent/ 100g ext.), the condensed tannins 
(1.05-1.25 g catechin equivalent/100g ext.), the 
reducing (2.65-2.81 g glucose equivalent/100g 
ext.) and total sugars (0.56-0.59 g sucrose/100g 

ext.) and antioxidant capacities for the 
phosphomolybdenum, and the trolox equivalent 
antioxidant capacity (TEAC) assays.
KEYWORDS: Biowaste, phenolic compounds, 
alkaloids, natural antioxidants. 

1 | 	INTRODUCTION

The processing of coffee starts with 
the removal of the mature cherry from the 
seeds, composed of husk and beans. The 
beans are dried, fermented and roasted to be 
subsequently commercialized. The husks are 
commonly discharged or used for composting.

Recent researches applied the husks as 
sorbents for the production of biogas (DOS 
SANTOS et al., 2018), thermoplastic films 
(COLLAZO-BIGLIARDI et al., 2018), adsorbent 
(HERNANDEZ RODRIGUEZ et al., 2018), and 
substrate for the production of cellulase by solid 
state fermentation (CATALÁN et al., 2019)

The scientific literature on the recovery 
of bioactive compounds from coffee husks is 
scarce. For instance, (RIBEIRO et al., 2019) 
evaluated the effects of ultrasound and type 
of solvent on the total phenolic content and 
antioxidant capacity of the extracts and (AL-
YOUSEF e AMINA, 2018) quantified the 
aromatic compounds from the essential oil 

mailto:adina.santana@gmail.com
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extracted with a glass-Clevenger apparatus.
The probable composition of coffee husks in terms of methylxanthines and 

aromatic compounds may induce potential applications in food products, similarly 
to other plant materials. Recently, ginger waste fractions (ŠVARC-GAJIĆ et al., 
2017) and the chicory roots have been showed as potential coffee replacers (WU e 
CADWALLADER, 2019).

In this work a low cost extraction of coffee husks based on conventional cold 
hydroethanolic extraction was done to detect possible bioactive compounds that 
contribute to the valorization of this waste fraction to attribute uses as functional food.

2 | 	MATERIAL AND METHODS

2.1	Raw material and reagents

Coffee husks were donated from a local farm (Campinas, Brazil). The raw 
material was milled using a commercial blender (BL.2.201/202, Marchesoni, São 
Paulo, Brazil) and sieved (25 μm screen, W.S. Tyler, Wheeling, EUA).

Ethanol (99% pure) was obtained from Êxodo Científica (Sumaré, Brazil), 
while Folin-Ciocalteu, 3,5-dinitrosalicylic acid (DNS), were purchased from Dinâmica 
(Indaiatuba, Brazil). Methanol, hydrochloric acid, sulphuric acid, formic acid, anhydrous 
monobasic sodium phosphate, ammonium molybdate were purchased from Synth 
(Diadema, Brazil). Trolox, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) 
(ABTS), vanillin, L-ascorbic acid, gallic acid, caffeine, theobromine, (+)(-) catechin 
(99%), (-) epicatechin (≥97%), and (-) epicatechin gallate (≥98%) were obtained from 
Sigma-Aldrich (Darmstadt, Germany) and theophylline (97.50%) was obtained from 
Abbott (São Paulo, Brazil).

2.2	Experimental

The hydroalcoholic solutions were prepared in polyethylene tubes using five 
solvent formulations with varied ratios of ethanol:water (weight/weight), i.e., 100:0, 
80:20, 65:35, 50:50 and 0:100. The cold maceration assays were carried out using 
a seed:solvent ratio of 1:3 (weight/weight) with subsequent vortex agitation (Fanem, 
Model 251, São Paulo, Brazil) of the tubes for 1 min. Afterwards, the samples were 
stored immobilized in the dark at 25°C for 24 h. On the next day, the samples were 
centrifuged (Heraeus, Megafuge 16 R, Thermo Scientific, Massachusetts, USA) at 
2500 rpm and 25°C for 10 min. The supernatant (extract) was separated from the 
solid fraction and subsequently kept frozen (-4oC) prior to analysis.

2.3	Global yield

Global yield, or the total extractable material (Eq.1), consisted on the mass of 
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dried extract obtained by the removal of solvent.

     (1)

Where X0 is the global yield (g dried extract/100g raw coffee husks), mEXT is the 
mass of dried extract obtained (g) and F0 is the mass of raw material (g) used in the 
extractions.

2.4 Composition of extracts

2.4.1 Condensed tannins (CT)

The condensed tannins (CT) were determined mixing the diluted extracts with  
the vanillin (1:5, v/v) (PRICE et al., 1978). The calibration curve was plotted using 
catechin standard with concentration range between 0.1 and 5 mg/mL (R2=0.99). The 
results were expressed as g catechin equivalent/100g extract.

2.4.2 Total phenolic content (TPC assay)

Total phenolic content (TPC) was determined with the Folin–Ciocalteu reagent 
(SINGLETON e ROSSI, 1965). A calibration curve using gallic acid was plotted in a 
concentration range of 16 – 700 μg /mL. The results were expressed as g of gallic 
acid equivalent (GAE)/ 100g extract.

2.4.3 Antioxidant capacity: Trolox equivalent antioxidant capacity (TEAC)

2.4.3.1 ABTS•+ assay

The Trolox equivalent antioxidant capacity (TEAC) was evaluated using the 
ABTS•+ free radical (OKI et al., 2006). The ABTS•+solution was initially prepared by 
mixing 88 µL of 140 mM of aqueous sodium persulfate solution with 5 mL of 7 mM 
of aqueous solution of ABTS, which was stored in the dark at 25oC for 12-16 h and 
subsequently diluted 16 times in ethanol 100% for analysis. 

The reaction consisted by mixing 20 µL of diluted extracts in 980 µL of diluted 
ABTS•+. After 10 minutes of reaction 200 µL aliquots in triplicate were evaluated at 
636 nm. The calibration curve using synthetic antioxidant Trolox was plotted (10 
-2000 µM). Results were expressed in terms of µM TEAC per g of extract.

2.4.3.2 DPPH• assay

The of the extracts to scavenge the DPPH• free radical was evaluated by the 
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reaction between the 100 µL aliquot of extract (diluted in methanol 70%) and 1 mL 
of DPPH solution (5 mg of DPPH diluted in 50 mL methanol 100%) for 30 min and 
detection at with absorbance filters for the wavelength of 515 nm. The results were 
calculated using the linear regression equation from plotting the concentrations 
of Trolox (15 - 300 μmol/mL, R² = 0.94). The results were expressed as g Trolox 
equivalent/g extract (BRAND-WILLIAMS et al., 1995). 

2.4.3.3 FRAP assay

The ferric reducing ability of plasma (FRAP) assay was conducted using the 
procedure described by BENZIE e STRAIN (1996). The FRAP reagent was prepared 
by mixing 25 mL 0.3 M acetate buffer (pH 3.6) with 2.5 mL TPTZ (0.01 M) and 2.5 
mL FeCl3 

. 6H2O (0.02 M) solutions. A calibration curve using Trolox (15-1500 μmol/
mL, R² = 0.99) was obtained, and the results were expressed as gTrolox equivalent/g 
extract.

2.4.4	 Antioxidant capacity: Phosphomolybdenum (P-Mo) complex assay

The diluted extract were mixed P-Mo complex reagent at the 1:10 (v/v) ratio. 
The mixture was incubated at 95 °C for 60 min and immediately subjected to an ice 
bath to stop the reaction (PRIETO et al., 1999). 

The ascorbic acid calibration curve (100 – 2100 mM/mL ; R2=0.98) was plotted 
and results were expressed in terms of g Ascorbic Acid Equivalent per g of extract. 

2.4.5	 Total (TS) and Reducing sugars (RS)

The total (TS) and reducing sugars (RS) were determined using the DNS 
reagent (MILLER (1959). The calibration curve was plotted using glucose standard 
in the concentrations ranging between 0.1 and 1 mg glucose/mL (R2=0.99) and 0.5-6 
mg hydrolyzed sucrose/mL (R2=0.99) and results were expressed as g sucrose/100g 
extract (total sugars) and g glucose/100g extract (reducing sugars).

2.4.6	 Determination of catechins and methylxanthines

High-performance liquid chromatography coupled with diode array detector 
(HPLC-DAD) was used to detect methylxanthines (caffeine, theobromine and 
theophylline) and catechins (catechin, epicatechin and epicatechin gallate) in 
guarana extracts according to procedures determined previously (SANTANA e 
MACEDO, 2019). All analytical procedures were performed in triplicate and results 
were expressed in wet basis.
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2.5	Statistical evaluation

The results were expressed as the mean ± standard deviation. All measurements 
were performed in triplicate and evaluated using the analysis of variance (Tukey test, 
p ≤0.05), with Statistica 8 software.

3 | 	RESULTS AND DISCUSSION

Highest extraction yield was found in the extracts obtained with ethanol 50% 
(Fig.2D), which was correlated with the total phenolic content (TPC) and condensed 
tannins (CT), results. The highest proportions of total (TS) and reducing sugars (RS), 
were attributed to the 65% hydroethanolic extract (Table 1). The TPC (2.33-3.28 
gGAE/100g extract or 0.78-1.09 gGAE/100g coffee husks, Table 1) values are in 
accordance with those obtained to cold hydroalcoholic extraction of crude guarana 
seeds (SANTANA e MACEDO, 2019). 

The addition of water in ethanolic solutions has been associated with increased 
selectivity to extract phenolic compounds because of enhanced polarity of solvent, 
similarly to the recovery of phenolic compounds from orange peel (BARRALES et al., 
2018) and propolis (SUN et al., 2015). 

Figure 1. Whole (A) and milled (B) coffee husks, extracts (C) and global yield (D).
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TPC CT RS TS
% 

Ethanol gGAE/100g ext g cat eq/100g g gluc/100g ext g sucr/100g ext

0 2.51±1.27a 0.50±0.06a 0.03±0a 0.21±0a

50 3.28±1.77b 1.25±0.04b 2.65±0.15b 0.56±0.03b

65 3.14±7.08b 1.05±0.03b 2.81±0.22b 0.59±0.05b

80 2.64±1.96c 1.21±0.04b 1.96±0.13c 0.41±0.03c

100 2.33±8.07c 0.63±0.12a 1.17±0.05d 0.24±0.01a

Table 1. The chemical composition of coffee husks extracts.
Mean ± standard deviation of determinations. Different letters in the same column indicate significant difference 

related to the effects of process parameters.

TPC – Total phenolic content, CT – condensed tannins, RS – reducing sugars, TS – total sugars

The values of TPC detected (2.33-3.28 gGAE100g ext, Table 1) were higher 
than those detected aqueous extracts of coffee husks (NEVES et al., 2019), and 
comparable or even lower than those obtained by hydroalcoholic extraction of 
coffee husks assisted with ultrasound, probably because of the highest exposure to 
acoustic cavitations that maximized the extraction of target compounds (RIBEIRO 
et al., 2019). On the other hand, the antioxidant capacity of extracts considering 
the DPPH assay (0.43-3.48×103 gTrolox eq/g extract or 0.14-1.16×103 gTrolox eq/g 
coffee husks – Table 2) were higher than the previous mentioned work, and the values 
detected by the FRAP assay were comparable. High ultrasonic frequencies induce 
the degradation of antioxidants, because of excessive temperature induced by high 
energy density (MEDINA-TORRES et al., 2017).

P-Mo FRAP DPPH ABTS
% Ethanol g Asc.Acid eq/g ext gTrolox eq/g ext

0 502.33±11.06ª 13.90±0.05ª 1.73×103±8.77×103a 1.26±34.50ª
50 2692.37±21.23b 54.94±0.02b 3.48×103±0.64×103b 2.88±11.28b

65 2704.03±57.21c 46.87±0.06c 3.19×103±0.74×103b 4.33±4.66c

80 670.11±3.11d 37.16±0.01d 0.43×103±1.69×103c 3.12±71.47d

100 426.81±4.45e 16.47±0.03e 3.03×103±4.18×103b 0.98±38.31e

Table 2. The antioxidant capacity of coffee husks extracts.
Mean ± standard deviation of determinations. Different letters in the same column indicate significant difference 

related to the effects of process parameters.

The condensed tannins (0.5-1.21 g catechin eq./100g extract or 0.16-0.40 
g catechin eq./100g coffee husks – Table 1) detected in this work were next to 
those detected in the hydromethanolic extracts of leaves and flowers of Erodium 
glaoucophyllum (BAKARI et al., 2018) .

The highest proportion of these substances was attributed to the 50% 
hydroethanolic solution, similarly to those reported in literature for guarana (SANTANA 
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e MACEDO, 2019) and F. benghalensis Linn. (BHANWASE e ALAGAWADI, 2016). 
Unidentified small peaks were found in the chromatograms of the hydroethanolic 
extracts composed of 50, 65, 80% and 100% ethanol (Figure 2. B, C D and E).

For the catechins and methylxanthines, only catechin, caffeine and theophylline 
were detected in relevant content (Figure 2, Table 3). The epicatechin, epicatechin 
gallate, and theobromine were detected as traces, under the limit detection from the 
method and equipment used. 

The behavior of antioxidant capacity was similar to the target compounds  
detected considering the highest proportions attributed to the extracts with 50% and 
65% ethanol. However, considering the ABTS and P-Mo assay, the extracts with 65% 
ethanol showed highest antioxidant capacity than the 50% ethanol (Table 3). 

Figure 2. Chromatograms of coffee husks extracts obtained with cold hydroethanolic extraction 
with ethanol concentrations of: 0% (A), 50% (B), 65% (C), 80% (D) and 100% (E). 

% Ethanol CAT CAF TPh

0 3.48±0.01ª 1.29±0a 0.84±0a

50 28.39±0.36b 7.41±0.08b 1.42±0.07b

65 23.09±0.05c 6.99±0.01c 1.31±0.07c

80 16.13±0d 6.91±0c 1.21±0d

100 5.19±0.04e 3.85±0.02d 1.00±0.01e

Table 3. The catechin and methylxanthines (g/100g extract) detected in coffee husks extracts.
Mean ± standard deviation of determinations. Different letters in the same column indicate significant difference 

related to the effects of process parameters (p≤0.05).

CAT – catechin, , CAF – caffeine, TPh – theophylline.
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CONCLUSIONS

A simple, low cost and environmentally-friendly process was able to obtain 
extracts with an attractive composition in terms of polyphenols, sugars and alkaloids. 
Coffee husks could be reused as a low cost ingredient for industry applications, 
reducing the plant waste emission. Our results support further studies on the impact 
of coffee husks in health and food products. 
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