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ABSTRACT. Coffee husk can be removed from the grain mainly by two different ways: the wet
method and the dry method. Aiming to add value to the by-products of the coffee agroindustry,
we analyzed the antioxidant properties of hydroalcoholic extracts of coffee husks obtained
from the two different methods. The production of the extract followed a rotational central
composite design, varying the ethanol proportion and the ultrasound exposure time in
between. The results of the experimental planning were: extract volume yield; total phenolic
compound and antioxidant activity expressed by the DPPH and FRAP methods. Mathematical
models were constructed using the significant parameters for each response, and its predictive
capacity was evaluated through an analysis of variance of the regression. Better results were
found in extracts from husk obtained by the dry method using solvent in a proportion of 40-
50% (v v'!) ethanol to 40-60 min. of ultrasound exposure.
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Introduction

Coffee stands out as the most relevant agricultural product in Brazil, responsible for 32% of the world
production (Companhia Nacional de Abastecimento [Conab], 2014). The coffee fruit reaches its maturity peak
at the ‘cherry’ state, and contains the highest amount of all its components and thus producing coffee beans
with the perfect chemical composition for all the necessary physical-chemical reactions to occur in the
roasting process in order to achieve the desirable sensory characteristics, namely aroma, flavor, acidity,
bitterness, body and sweetness, ultimately satisfying the demand for high quality drinking coffee (Giomo,
2012).

After harvesting, coffee can be subjected to dry or wet processing methods. In the case of wet method,
coffee beans are initially washed to hydraulically separate fractions of different density. The lightest
fraction, consisting of the mixture of dry and crumpled fruits, is separated and goes straight into the drying
patio. The heaviest fraction, consisting of the mixture of cherry and green fruits, goes into the peeler-
separator for the mechanical separation of the green fruits. Because their husk is harder, the green fruits do
not break under the influence of the peeler and they are directed to the lateral exits of the equipment, while
the ripe fruits are cut, screened and directed to the complementary peeler for peel separation. In this
method, the fruit peel is mechanically removed, being the final result the parchment coffee.

The dry method is the most often used in Brazil. It involves drying the whole fruits, including husk,
mucilage, parchment and bean, in a patio or in a mechanical dryer. The drying process can happen
mechanically at 60°C and/or by sun exposure in patios. It is the process that less affects the natural
condition of the coffee, because all the constituting parts are kept. The pulp is the residue from the wet
pulping of the cherry coffee, composed of exocarp (skin), part of the mesocarp (mucilage) and vascular
bundles. The dried husk differs from the pulp due to the presence of the parchment, which remains
around the coffee bean as a protection during the wet process (Barcelos, Paiva, Perez, Santos, &
Cardoso, 2002).
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In arabica coffee, pulp represents about 40% of the fresh weight in the cherry maturation state (Calzada
et al.,, 1984). The organic compounds found in coffee pulp include tannins, about 1.80-8.56%, pectic
substances, averaging 6.5, 12.4 reducing sugars, 2.0 non-reducing sugars, 1.3 caffein, 2.6 chlorogenic acid
and 1.6% caffeic acid (Murthy & Naidu, 2012). This residue includes also crude fiber (15.10%), protein
(8.25%) and ash (8.12%) (Borém, 2008). Apart from being used as fertilizers and energetic source, these by-
products have been a target of research because they contain antioxidant substances, including caffeic,
tannic, vanillic, chlorogenic and gallic acids (Esquivel & Jiménez, 2012).

The antioxidant potential of bioactive compounds in food of plant origin depends on its structure and
concentration in the food. Besides from the ripeness degree and plant variety, environmental and genetic
factors also have a strong influence on the amount of these substances in plants. However, the antioxidant
capacity is influenced by the substrate used in the test, by the solvent and the method applied, as well as by
the duration time and temperature set in the extraction (Naczk & Shahidi, 2004).

The conventional extraction using solvents of different polarity is being optimized when subjected to the
ultrasound application. The ultrasound produces high quantities of energy, which are transferred to the medium,
causing changes in a specific process or product. These changes can be considered as physical, chemical or
mechanical in nature and allow the ultrasound use to enhance a diversity of processes like cleaning, drying,
filtering, microorganisms and enzymes inactivation and bioactive compounds extraction (Gallego-Juarez, 1999).

As a way to reduce the environmental impact and to add value to the residues, our objective was the
evaluation of antioxidant properties in hydroalcoholic extracts obtained from husks derived from the wet method
coffee processing (WMC) and dry method coffee processing (DMC). The ethanol proportion has varied between
41 and 98%. An experimental planning was used in order to analyze the ultrasound exposure times for each
solvent composition. The antioxidant potential of the extracts was evaluated in relation to the total phenolic
content and antioxidant activity by DPPH free radical scavenging and ferric reducing power (FRAP).

Material and methods

Obtaining and preparing the raw material

Approximately 3 kg arabica coffee husks (Coffea arabica) resulting from wet and dry processing methods
were collected at local producers in Pocos de Caldas, State of Minas Gerais, Brazil, latitude 21° 44’ 19” S and
longitude 46° 26’ 23” W, during the harvest of 2015. The husks were lyophilized to reach the same degree of
moisture, avoiding the water content interference. To achieve this, a freeze dryer was used (model L-101,
Liotop, Sao Carlos, State of Sao Paulo, Brazil) at an approximate pressure of 200 um Hg and temperature of -
50°C. After lyophilization, the husks were then ground with the aid of a domestic blender and stored until
use in hermetically sealed containers wrapped with aluminum foil.

To obtain the extracts, the proportion of husks: solvent was set at 1:5 (m v!), containing different ethanolic
concentrations (Table 1). These proportions were used in such a way that the solvent volume was enough to
promote agitation and mixing in the system. After adding the solvent to the husks, the material was shaken at
14.000 rpm for 2 minutes in an ultra-turrax (model T25, Ika, Staufen, Germany) with the aid of a model S25N
probe. Next, the material was put in an ultrasonic bath (model 740D, Ultrasonic Cleaner, Ribeirao Preto, State of
Sao Paulo, Brazil) in ice bath for different times of application, as Table 1.

After the ultrasound application, the material was centrifuged (model 206 MP, Excelsa® II, Sao Paulo,
Brazil) at 3500 rpm for 10 min. The supernatant was filtered through a Whatman #4 paper filter to remove
any impurities. The volume of the filtered material was measured to calculate the output of the produced
extract. The volume yield was expressed in percentage. Subsequently, the extract was stored in amber flasks
and frozen at -18°C.

The procedure to extract antioxidant compounds was carried out following a 22 rotational central
composite design (RCCD), varying these factors: ultrasound exposure time and ethanol proportion. The
experimental planning for each husk type resulted in 11 tests, presented in Table 2.

Table 1. Levels used to codify the variables researched.

. Levels
Variables 41421 -1 0 1 141421
Ethanol proportion (%) 41.71 50 70 90  98.28
Ultrasound exposure time (min.) 11.71 20 40 60  68.28
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Table 2. Experimental plan for both husk types based on an RCCD.

Test Ethanol proportion Ultrasound exposure time
1 -1.00000 -1.00000
2 -1.00000 1.00000
3 1.00000 -1.00000
4 1.00000 1.00000
5 -1.41421 0.00000
6 1.41421 0.00000
7 0.00000 -1.41421
8 0.00000 1.41421
9(C) 0.00000 0.00000
10 (C) 0.00000 0.00000
11 (C) 0.00000 0.00000

(C) represents the repetitions in the central point.

Total phenolic compounds

The concentration of total phenolic compounds for the different tests was determined by the
spectrophotometric method, using the Folin-Ciocalteu reagent. The methodology proposed by Singleton,
Orthofer, and Lamuela-Raventds (1999) is based on the addition of 500 uL of the sample in 2.5 mL Folin-
Ciocalteu reagent diluted in distilled water (1:10, v v'!). Together with these solutions, 2.0 mL sodium
carbonate were added to make the solution alkaline. The test tubes were left to rest in the dark. After 2
hours, readings were made at 765 nm in a spectrophotometer (model UV mini-1240, Shimadzu, Chiyoda-ku,
Japan).

To quantify the concentration of total phenolic compounds, a standard curve was designed using gallic
acid (GA) in concentrations ranging from 0 to 500 mg L'. The coefficient of determination of the analytical
calibration curve was R? = 0.9999. The total phenolic concentrations were expressed in milliequivalents of
GA g'! of dry material (meq GA g'!).

DPPH radical scavenging

The analysis followed the method proposed by Brand-Williams, Cuvelier, and Berset (1995),
preparing an ethanolic solution of DPPH (2,2-diphenyl-1-picrylhydrazyl) at 6x10° M and Trolox
ethanolic solutions (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), which were used in the
standard curve.

During the procedures, 100 uL diluted sample were pipetted into 2.9 mL of the DPPH solution in an
amber test tube. The absorbance of the samples was read at 515 nm in a spectrophotometer (model UV
mini-1240, Shimadzu, Chiyoda-ku, Japan) after 25 min. of reaction away from the light.

The Trolox solutions used in the standard curve varied between 0.19 and 0.93 mM, and the coefficient of
determination of the curve was R? = 0.9996. The antioxidant activity was expressed in milliequivalents of
Trolox g! of dry material.

Antioxidant activity by ferric reducing power - FRAP

The antioxidant activity by ferric ion reduction was determined with a spectrophotometer (model UV
mini-1240, Shimadzu, Chiyoda-ku, Japan), according to the methodology previously described by Benzie
and Strain (1996), with modifications, using a calibration curve of Trolox solution, in which the coefficient
was R?=0.9997.

In test tubes were added with 90 uL extract, 270 uL distilled water and 2.7 mL FRAP reagent (750 mL of
0.3 M acetate buffer, 75 mL of TPTZ 10 mM solution and 75 mL of 20 mM ferric chloride). After
homogenization, the tubes were placed in a water bath at 37°C. The readings were made after 30 min. at 595
nm and the results were expressed in milliequivalents of Trolox g! of dry material.

Statistical analysis

For each response, a table was designed with the estimated effects of each significant variable (a = 0.05),
differing in a linear (L) or squared (S) way. In addition, an analysis of variance (ANOVA) was applied to
verify the predictability of the mathematical model achieved through the STATISTICA 10 program (StatSoft
Inc, Tulsa, USA).
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Results and discussion

The results obtained in each test for the extraction performance, total phenolic compounds
concentration (TP) and antioxidant activity by DPPH and FRAP methods, are listed in Table 3. The
evaluation of the estimated effects and the analysis of variance of the regressions obtained for each
performance have shown that the equations were significant (Fcic > Frb), While the lack of fit had no
significant influence (Feic < Fip). Table 4 presents the regression coefficients for each performance on the
experimental planning on DMC and WMC.

Volume yield

Although some extracts obtained from WMC have shown high performance, the best volume yield was
observed in DMC. A possible explanation for such difference is the swelling degree in WMC. As it absorbs
more water than DMC, it also promotes a reduction of the available extract volume.

Response surface and contour graphics for the volume yield of husk extract were illustrated in
Figure 1. Both linear and quadratic terms of ethanol proportion showed significant influence on volume
yield of WMC extracts, while the ultrasound exposure time had significant quadratic effect on the
volume yield but the magnitude of this effect was not relevant to the predictive equation. As for DMC,
it is clear that the shorter ultrasound exposure time and higher ethanol extract percentage, higher is
also the volume yield.

Possibly, ethanol has a weaker capacity of adsorbing into the solid matrix, remaining more available in
the extract. On the other hand, ultrasound promotes the solvent penetration into the husk structure,
making it less available.

Total phenolic compounds

The extracts obtained from DMC with a lower proportion of ethanol presented the highest content of
total phenolic compounds. Figure 2 shows the influence of solvent and ultrasound exposure time on the
phenolic compounds extraction for the husks obtained by the two processing methods.

The highest concentration of phenolic compounds was found in DMC, 9.93 meq GA g, in a 40% (v v'})
ethanol extract and intermediate ultrasound exposure time. It was also possible to verify that the lower the
ethanol proportion (between 40 and 50%), the better is the total phenolic extraction process. This is
attributed to the difference in polarities of the solvents used (water and ethanol), which can extract both the
polar compounds and the less polar ones. In accordance with Esquivel and Jiménez (2012), chlorogenic acid
corresponds to 42.2% of the total phenolic compounds identified by HPLC in coffee pulp. Thus, the total
phenolic content extracted in this study is probably due to the higher concentration of chlorogenic acid
present in the chemical nature of the coffee husks, which is a water-soluble phenolic compound and has
been reported to present antioxidant properties (Sato et al., 2011; Rodrigues & Bragagnolo, 2013).

Analyzing coffee residues, Baggio, Lima, Mancini, and Fett (2007) also reported similar values to the
ones found in the present study, detecting a variation of total phenolic content between 1.39 and
8.08 meq GA g'! of dry material. However, Murthy and Naidu (2012) registered higher values for coffee
by-products extracted with mixtures of isopropanol and water. The total phenolic contents reported by
the authors were 1.48% (w w!) for coffee pulp, 1.22% (w w!) and 1.32% (w w!) for cherry husk and
silver skin, respectively.

Table 3. Response results for different tests on WMC and DMC.

Test WMC DMC
' Volum yield TP DPPH FRAP Volum yicld TP DPPH FRAP
1 4 717 £ 008" 1031 = 044  13.09 + 0.65' 56 792013 1223 +057° 1614 = 081’
2 49 7244037 1023+ 037 13.66 = 0.83" 41 885+ 007 1324062 1981 =076
3 60 401016 413004 654 = 031° 68 306 % 006" 410002 584+ 034
4 60 4534026 503 %039 751 022 63 382+ 006" 468=030°  7.06+ 040°
5 42 7244007 934+053 1335+ 014" 45 99340120 1502+ 035 2277 + 0.65'
6 59 17120120 231 =034 293 = 0.10° 69 1824018 322+ 040°  3.62+ 022
7 59 5924016 747028 10.66 = 0.67° 67 600 £006° 913 +022  11.78 % 0.05"
8 58 6194021 809+ 037" 1098 * 0.49" 58 6354021 1058 +026' 14.83 + 049"
9 62 4924007 7934068 1173 =039 59 6.66 014 1005+ 062 1391 = 0.15°
10 62 610 023> 872+ 045 1019 * 0.67" 62 719016 1134+ 015 1523 = 0.10°
11 62 6344027 829+020" 1152 * 047" 56 691 +0.19° 1130 + 037 1491 * 0.41°

**Different letters in the same row and the same type of analysis indicate significant differences by Tukey’s test with a confidence interval of 95%.
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Table 4. Regression coefficients for each performance analyzed.
Parameters
Average % ethanol (L) % ethanol (S)  Ultrasound time (L)  Ultrasound time (S) R?
Volume yield -28.05 2.21 -0.01 - - 0.93635
TP 4.51 0.12 -1.53x10? - - 0.90817
WME DPPH 4.61 0.24 -2.64x 107 - - 0.96909
FRAP 6.9 0.29 -3.32x10? - - 0.9667
Volume yield 37 0.42 - 0.2 - 0.88124
DMC TP 7.31 5.56x 102 -1.36x 10 0.1 -1.07x10? 0.99018
DPPH 13.69 0.09 -2.18x10? - 1.85x 10™ 0.97124
FRAP 18.23 0.04 -251x10? 0.25 -2.37x10? 0.98029
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Figure 1. Response surfaces and contour graphic for WMC (a, b) and DMC (c, d) extract volume yield.

The ultrasound application was also analyzed by Wang, Sun, Cao, Tian, and Li (2008) in order to optimize
phenolic compound extraction from wheat bran, in relation to the ethanol proportion (50-70%; v v'!) and
application time (15-25 min.). In that study, the highest content of total phenolics (2.99 meq GA g!) was
found in extract containing 60% (v v'!) ethanol subjected to 29 min. of extraction. The shorter time of
extraction (11 min.) resulted in a lower amount of phenolics extracted in the same solvent condition (60% of
ethanol; v v!); with an observation in this case that the ultrasound application was a parameter more
significant than the ethanol proportion. In a study about the antioxidant activity of agroindustry residues,
Melo et al. (2011) evaluated the extraction method, using ethanol and water solvents. In that study, the
ethanolic solvent was more effective extracting total phenolic compounds, obtaining concentrations of
3.41 meq GA g'! in guava pulp and values between 21.45 and 40.79 meq GA g'! in grape marc.

With ultrasound exposure times ranging between 30 and 60 min., the phenolics extraction is optimized
when using DMC. The application of ultrasound generates compression and decompression zones in the
liquid, promoting the so-called ‘sponge effect’ (Gallego-Judrez, 1999). This effect in shorter periods of
ultrasound exposure is not enough to lead to the extraction of phenolic compounds from the solid matrix. In
time periods longer than 60 min., the cavitation process provoked by the ultrasound application can

occasionally result in the degradation of compounds susceptible to temperature variations caused by hot
spots (Mason & Cordemans, 1996).
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Figure 2. Response surfaces and contour graphics for total phenolic extracts from WMC (a, b) and DMC (c, d).

Figure 2 shows that, in relation to WMC, distinctly from extracts of husks previously processed at high
temperatures, the application of ultrasound was not a significant parameter (p > 0.05). Due to the fact that
the coffee husks were lyophilized before the extract production, it can have more active structural points to
adsorb the water. In this way, the wetting degree of the structures has increased and therefore the viscosity
of the medium subjected to the ultrasound was reduced. It is known that when the viscosity of the medium
is high, the cavitation effects are weaker (Sanderson, 2004).

Antioxidant activity by DPPHe radical scavenging

Similar to the total phenolic compounds analysis, the highest values of antioxidant activity, 15.02
meq Trolox g'! of dry material, was found in the extract of DMC. As shown in Figure 3, in both
types of husks, the extracts with proportions of ethanol between 40 and 50% (v v'!) were the most
efficient for the antioxidant activity. In relation to the ultrasound application, we observed that the
longer time of exposure, higher were the results obtained in the DPPH analysis of DMC. On the other
hand, the antioxidant activity in extracts of WMC suffered no influence from the ultrasound exposure
times.

Antioxidant activity by ferric reducing power - FRAP

The antioxidant potential evaluated by ferric ion reducing method has shown superior results in DMC, as
seen in Figure 4. Similar to the observed in total phenolic compounds and antioxidant activity by DPPH
method analysis, the highest concentration in FRAP analysis was found in the extract with the lowest
volume of ethanol (40-50%) and an intermediate ultrasound exposure time, resulting in 22.77 meq Trolox
g! of dry material. The efficiency of the reducing power is also higher in an ultrasound exposure time
between 40 and 60 min. on DMC, noting that the ultrasound exposure time was not a significant parameter
in the WMC extract.

In a study on the antioxidant capability of passion fruit husk, Cazarin, Silva, Colomeu, Zollner, and
Maroéstica (2014) found values between 8.73 and 9.15 meq Trolox g! sample, in ethanolic and aqueous
extracts respectively, which correspond to values inferior to those found in DMC extracts obtained with a
lower proportion of ethanol in our study.
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Figure 4. Response surfaces and contour graphics for FRAP with WMC (a, b) and DMC (c, d).

Hossain et al. (2012) evaluated the antioxidant potential with the FRAP method in methanolic extracts of
marjoram and observed the influence of ultrasound exposure time on the extraction. In that study, they
obtained higher concentrations, varying between 136.8 and 170.8 meq Trolox g! dry material for 10 minutes

of application. This system yielded extracts with higher antioxidant activity in comparison to those derived
from conventional solid/liquid extraction (90.0 meq Trolox g! dry material).

Acta Scientiarum. Technology, v. 41, e36451, 2019



Page 8 of 10 Ribeiro et al.

The fact that extracts from husks processed at higher temperatures, in dryers at 60°C, have presented a
higher concentration of total phenolic compounds and a higher antioxidant potential than those obtained
via wet process, is possibly due to the occurrence of the Maillard reaction. In this reaction, occurring at
temperatures above 40°C (Ajandouz & Puigserver, 1999; Shibao & Bastos, 2011), the reducing sugars and
amino acids present in the husk react with each other, forming compounds with antioxidant activity
(Budryn et al., 2009).

Additionally, unlike the wet processing method, in the dry method, the parchment and the mucilage
separate from the coffee bean (Borém, 2008). These differences between the components can also
contribute to higher concentrations with the dry husks.

Relation between analysis

Assessing structural characteristics of the phenolic compounds, a high free radical reducing potential has
been attributed to these substances. The antioxidant properties of the phenolic content in coffee husks were
determined through specific analysis like FRAP and DPPH. In light of this, for each type of husk, graphics
were generated to demonstrate the correlation between total phenolic content and the methodologies used
to assess the antioxidant activity.

Figure 5a shows that WMC presented correlations between methods, with r = 0.9558 and r = 0.9546 for
DPPH and FRAP, respectively.

In DMC, Figure 5b, the analyses made for antioxidant activities correlated in a linear way with the total
phenolic concentration, with r = 0.9890 for the DPPH method and r = 0.9917 for FRAP. This type of
correlation confirms the reports of Dudonné, Vitrac, Coutiere, Woillez, & Mérillon, (2009).

Although the parameters used to obtain the extracts have affected WMC in a minor degree, the
antioxidant activity analysis presented a positive and significant correlation with the concentration of
phenolics, since the higher the phenolic compounds content, the higher are the antioxidant activities.

Conclusion

Coffee by-products as raw material for antioxidant compound extraction are promising. Ultrasound
application significantly influenced the process of phenolic compounds extraction from husk obtained by
dry method. The extracts presented higher potential when subjected to ultrasound exposure times between
40 and 60 min., since longer extraction time periods can lead to the degradation of sensitive compounds. In
this way, extract from husks using the dry method consisting of 50% ethanol (v v!), with 40 min. of
ultrasound exposure time, allows for a higher performance, higher phenolic compounds concentration, and
high antioxidant activity, while savings in time, energy and economic costs.
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Figure 5. Correlation between the analysis of total phenolic compounds (TP) and antioxidant activity (DPPH and FRAP) in WMC (a)
and DMC extracts (b).
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