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Background. Following petroleum, coffee is the second most commonly traded commodity globally. It is also a popular good with
economic value, as well as value in terms of leisure and culture. However, coffee processing generates a large amount of waste,
resulting in environmental concerns. ,erefore, in this study, ethanol was used to extract coffee waste (coffee pulp). High-
performance liquid chromatography was conducted to examine the caffeine content and chlorogenic acid content, and the
antioxidant capacity (i.e., the total phenolic content, total flavonoid content, DPPH-free radical scavenging capacity, ABTS-free
radical scavenging capacity, and reductive capacity) and the tyrosinase inhibition capacity of the coffee pulp extracted using
ethanol were comprehensively evaluated. Results. ,e results showed that the coffee pulp extract obtained using 70% ethanol had
the highest tyrosinase inhibition capacity, whereas that obtained using 50% ethanol had the most satisfactory antioxidant capacity
(total phenolic content, total flavonoid content, DPPH-free radical scavenging capacity, ABTS-free radical scavenging capacity,
and reductive capacity). Conclusion. ,e results revealed that coffee pulp has superior antioxidant capacity and tyrosinase
inhibition capacity when extracted by ethanol. Increasing the economic value of coffee pulp can solve the environmental concerns
caused by coffee waste.

1. Introduction

Coffee has many benefits for the body. It not only protects
cells from damage [1] and cardiovascular diseases [2] but
also reduces the risk of cancer [3]; therefore, coffee is an
essential commodity and a popular beverage [4]. Currently,
it is produced in approximately 60 tropical and subtropical

countries and is exported as an agricultural product [5].
According to the data released by the International Coffee
Organization, the global annual coffee consumption and
production have gradually increased over the past 30 years,
from 5.59 million tons in 1990 to 10.06 million tons in 2020
[4, 6], with an average growth rate of 18%–25% per 10 years.
Twenty years ago, the global coffee consumption was more
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than 2.25 billion cups per day [7]. Currently, following
petroleum, coffee has become the second most traded goods
worldwide [5, 8]. It is not only a beverage but also an es-
sential factor for human beings with economic value, as well
as value in terms of leisure and culture.

Coffee is a popular beverage, and its consumption has
increased over the past 150 years [9]. However, the in-
creasing demand for coffee has also indirectly caused en-
vironmental concerns [10]. During coffee processing, a large
amount of waste, mainly pulp, is generated [5, 8]. In ad-
dition, some coffee by-products are discarded during pro-
cessing. ,e amount of by-product waste accounts for
approximately 30%–50% of the total coffee weight
depending on the type of coffee products produced [11]. In
the past 30 years, the amount of coffee waste generated every
year has exceeded 1 million tons [6], and the total amount
has exceeded hundreds of millions of tons, which is a major
issue in today’s era where environmental protection is highly
emphasized.

With the increase in environmental protection
awareness, the recycling value of coffee by-product waste
has been accentuated [12]. Coffee by-product waste, in-
cluding coffee pulp, cherry husk, silver skin, and spent
coffee, is conventionally prepared into feed or fertilizer
[13]. However, the waste differs in terms of type, com-
position, and content. For developing their commercial
value, different types of waste have been applied in different
fields, such as food science [8], biological science [5, 14, 15],
material science [16, 17], aquaculture [18], agriculture
[5, 15], and environmental science [19, 20]. ,us, coffee by-
product waste has multiple applications and high economic
value.

Recently, antioxidants have substantial value in the fields
of physiology, pharmacology, nutrition, and food processing
[21]. ,ey also serve as the main appeal of cosmetics and
health supplements.,us, they have great commercial value.
In 2015, Barbulova et al. reported that more than 5 billion
cosmetic products are sold every year, and the sales are not
affected by world economic crises. ,e cosmetics market has
shown robust growth. Coffee by-products are green, bio-
sustainable, and inexpensive; therefore, they are suitable for
cosmetics development [22]. However, studies have mostly
examined the antioxidant capacity of spent coffee [23]; scant
research has focused on the antioxidant capacity of coffee
pulp.

Currently, the common extractionmethod for extracting
coffee pulp is solvent extraction. Methanol is used as the
main solvent [24–28], whereas ethyl acetate [26], iso-
propanol [13], acetone [25, 27], and hydrochloric acid [29]
are used for extraction analysis. However, these solvents are
unsafe for the human body. Surprisingly, few studies have
used ethanol, a safer solvent, to extract coffee pulp; in ad-
dition, none of these studies have examined the capacity of
coffee pulp for tyrosinase inhibition.

In this study, a literature review revealed that few
studies have conducted a complete evaluation of the effect
of ethanol-extracted coffee pulp on enhancing the anti-
oxidant and tyrosinase inhibition capacity of cosmetic
products. ,erefore, in this study, the optimal condition

for extracting coffee pulp by using ethanol was explored,
and the coffee pulp’s antioxidant and tyrosinase inhibi-
tion capacity was analyzed to increase its economic value
and solve the environmental concerns caused by coffee
waste.

2. Materials and Methods

2.1. Extraction of the Green Coffee by-Product. Coffee pulp
by-products (Figure 1(a)) of the mature fruits of C. arabica
L. (Arabica) was produced by wet processing. First, the hot
air oven (40°C) was used to reduce the moisture content of
the coffee pulp until it reached a constant weight. Dry coffee
pulp was ground into a fine powder (Figure 1(b)) by amortar
and pestle and then stored at 4°C before use. Subsequently,
0.5 g of coffee pulp powder was precisely weighed and placed
into sample bottles, and 8mL of solvent (0%, 50%, 70%, and
99.5% ethanol) was added. ,e solutions were treated in an
ultrasonicator at 30°C for 15 minutes, and the extract was
sucked into a centrifuge tube. After the extract was
centrifuged at 3000 rpm for 10 minutes, the supernatant was
collected and filtered through a 0.45-μm syringe filter, and
the by-product extract was obtained. Figure 1(c) reveals that
the coffee pulp extracts obtained using different ethanol
concentrations have different colors.,e color changes from
reddish brown to light yellow with an increase in the ethanol
concentration, which indicates that a higher ethanol con-
centration results in a lighter extract color.

2.2. Content Analysis through High-Performance Liquid
Chromatography

2.2.1. Caffeine Content Analysis. According to the optimized
and validated method in a high-performance liquid chro-
matography (HPLC) [30], caffeine content analysis was
conducted on a HPLC instrument (LC-20AT, Shimadzu,
Japan) equipped with an ultraviolet-visible detector (SPD-
20A, Shimadzu). ,e applied separation column was the
Enduro C18G, 125 Å, 5 μm, 250× 4.6mm column (SGE,
Australia). Deionized water and methanol were mixed at a
ratio of 70 : 30 (v/v); then, elution was performed at a flow
rate of 1.0mL/min. ,e volume of sample injection was
20 μL. ,e maximum peak area was measured at a wave-
length of 280 nm, and the sample concentration was cal-
culated based on the peak area. Caffeine standard was
purchased from Sigma-Aldrich (MO, USA).

2.2.2. Chlorogenic Acid Content Analysis. Chlorogenic acid
(CGA) content analysis was conducted on the same HPLC
instrument and separation column in caffeine content
analysis. ,e mobile phase was composed of (A) 1.5% acetic
acid in water and (B) 100% methanol, and elution was
conducted at a flow rate of 1.0mL/min. ,e volume of
sample injection was 20 μL. ,e maximum peak area was
measured at a wavelength of 320 nm to determine the sample
concentration. CGA standard was obtained from Sigma-
Aldrich.
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2.3. Antioxidant Capacity Tests

2.3.1. Total Phenolic Content Test. A published protocol [31]
was employed with some modifications. In brief, 200 μL of a
0.5N solution of Folin–Ciocalteu phenol reagent was mixed
with 200 μL of the by-product extract with shaking. ,e
solution was left standing for 5 minutes, and 200 μL of 10%
Na2CO3 was then added; the mixture was evenly shaken
through vortexing for 1 minute, and 400 μL of deionized
water was then added. Subsequently, the reaction was
allowed to proceed in the dark for 1 hour at room tem-
perature. After standing for 10 minutes, the mixture was
centrifuged at 3000 rpm for 10 minutes, and 200 μL of the
supernatant was collected to measure the absorbance value
at 700 nm. ,e test was repeated 3 times, and the obtained
absorbance value was substituted into the standard curve of
the standards to calculate the total phenolic content. In this
total phenolic content measurement, gallic acid was used as
the standard control.

2.3.2. Total Flavonoid Content Test. ,e experimental
procedure referred to a published protocol [32]. Quercetin
was used as the control for the total flavonoid content test. In
brief, 50 μL of the by-product extract, 50 μL of CH3OH, and
50 μL of 5% NaNO2 were mixed and added to a 96-well
microplate. After the microplate was left standing for 5
minutes, 10 μL of 10% AlCl3 was added. After another 6
minutes of standing, 100 μL of 1N NaOH was added. After
the mixture was left standing for 60 minutes, the absorbance
value at 510 nmwas calculated.,e test was repeated 3 times.
,e total flavonoid content was obtained by comparison
with the test values of quercetin.

2.3.3. DPPH-Free Radical Scavenging Capacity. ,e method
of the literature [33] was applied with some modifications.
,e 95% ethanol solution was evenly mixed with 50 μL of the
by-product extract of 50 μL of 160 μM DPPH together, and
the solution was allowed to stand in the dark for 30 minutes.
,e test was repeated 3 times. A spectrophotometer was used
to measure the absorbance value at 517 nm. A lower absor-
bance value indicated that the sample had a superior-free
radical scavenging capacity. In this test, vitamin C was used as
the standard, whereas a pure aqueous solution was used as the
control.

,e DPPH-free radical scavenging capacity was calcu-
lated as follows: DPPH-free radical scavenging capacity
(%)� [1− (A517 of sample/A517 of blank)]× 100%.

2.3.4. ABTS-Free Radical Scavenging Capacity. A published
method [34, 35] was used to determine the ABTS-free
radical scavenging capacity. In brief, 250 μL of 7mM ABTS
was evenly mixed with 250 μL of 2.45mM potassium per-
sulfate. ,e reaction was allowed to proceed in the dark at
4°C for 16 hours. Subsequently, 95% ethanol was added for
dilution to set the background absorbance value at 0.7± 0.05.
,en, 180 μL of the adjusted solution was added to 20 μL of
the by-product extract, and the reaction was allowed to
proceed in the dark at room temperature for 10 minutes. A
spectrophotometer was used to detect the changes in the
absorbance value at 734 nm.,e test was repeated 3 times. A
lower absorbance value indicated a higher inhibition ca-
pacity. In the test, Trolox, an antioxidant, was used as the
standard to estimate the standard value of the ABTS-free
radical scavenging capacity, whereas a pure aqueous solution
was used as the control.

,e ABTS-free radical scavenging capacity was calcu-
lated as follows: ABTS-free radical scavenging capacity
(%)� [1− (A734 of sample−A734 of blank)/(A734 of con-
trol−A734 of blank)]× 100%.

2.3.5. Reductive Capacity Test. A published protocol [36, 37]
was employed with some modifications. In brief, 100 μL of
2mM PBS buffer (pH 6.6), 100 μL of 1% potassium ferri-
cyanide (K3Fe(CN)6), and 100 μL of the by-product extract
were evenly mixed in a 50°C water bath for 20 minutes. After
the solution was left standing for cooling for 3 minutes,
100 μL of 10% trichloroacetic acid was added, and the so-
lution was shaken evenly for 1 minute through vortexing.
Subsequently, 100 μL of the supernatant was added to 100 μL
of deionized water and 20 μL of 0.1% FeCl3. After the so-
lution was evenly mixed and left standing for 10 minutes,
Prussian blue (Fe4[Fe(CN)6]3) was formed. ,e test was
repeated 3 times. A spectrophotometer was used to detect
the changes in the absorbance value at 700 nm. A higher
absorbance value implied a higher reductive capacity. In the
test, BHA was used as a standard, whereas a pure aqueous
solution was used as the control.

(a) (b)

0% 50% 70% 99.5%

(c)

Figure 1: Photograph of (a) coffee pulp; (b) coffee pulp powder; (c) coffee pulp extracts obtained using different ethanol concentrations.
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2.4. Tyrosinase Inhibition Capacity Test. ,e experimental
procedure referred to the method of the literature [38]. In
the test, 120 μL of 5mML-Dopa (dissolved in 67mM, pH 6.8
phosphate buffer) and 20 μL of the by-product extract were
added to a 96-well microplate. Subsequently, 2 μL of ty-
rosinase solution (200 units/reaction) was added, and the
solution was evenly mixed at 37°C and left to react for 30
minutes. A microplate reader was used to measure the
absorbance value at 490 nm. ,e test was repeated 3 times.
Kojic acid at different concentrations was used as the
positive control.

,e fungal tyrosinase inhibition rate was calculated as
follows: fungal tyrosinase inhibition rate (%)� (A−B)/
A× 100%, where A is the absorbance value at 490 nm of the
control group and B is the absorbance value at 490 nm of the
sample group.

3. Results and Discussion

3.1. Content Analysis through HPLC: Caffeine and CGA
Content Analysis. ,e results of the analysis of the caffeine
and CGA content of coffee pulp extracts obtained using
different ethanol concentrations are presented in Table 1.
,e results implied that the caffeine content increased with
the decrease in the ethanol concentration. A lower ethanol
concentration led to a higher caffeine content; the coffee
pulp extract obtained using 0% ethanol had the highest
caffeine content of 0.38mg/mL. In addition, changes in the
CGA content were only observed when the coffee pulp
extract was obtained using 50%–99.5% ethanol. ,e CGA
content increased with a decline in the ethanol concentra-
tion; the coffee pulp extract obtained using 50% ethanol had
the highest CGA content of 0.59mg/mL. ,e results are
consistent with those of Tran et al. discovering that the CGA
content of the coffee pulp extracts obtained using 0%, 50%,
and 100% ethanol was 0.04, 2.48, and 0.15mg/g DW, re-
spectively [28]. Furthermore, the result of caffeine content in
this study is the same as that obtained by Tran et al. ,e
caffeine content of the extract obtained using 0% ethanol was
higher than that of the extract obtained using 100% ethanol.
,is study found that the caffeine content increased with a
negative correlation with the increase in the ethanol con-
centration, whereas Tran et al. found that the caffeine
content of the extracts obtained using 0%, 50%, and 100%
ethanol was 1.16, 4.10, and 0.41mg/g DW, respectively [28].

3.2. Antioxidant Capacity Tests

3.2.1. Total Phenolic Content Test. ,e total phenolic content
of the coffee pulp extracts obtained using different ethanol
concentrations is illustrated in Figure 2. ,e results indicate
that the total phenolic content of the coffee pulp extract
obtained using by 50% ethanol was the highest (23.16mg
gallic acid/g coffee pulp), followed by that of the extracts
obtained using 70%, 0%, and 99.5% ethanol (23.10, 18.14,
and 8.65mg gallic acid/g coffee pulp, respectively). Alkal-
tham et al. used methanol and ethyl acetate for coffee pulp
extraction and revealed that the phenolic content of the
coffee pulp extracts obtained using methanol and ethyl

acetate was 6.85–7.57 and 0.183–0.141mg gallic acid
equivalent/dry weigh (GAE/g DW), respectively [26]. ,us,
the total phenolic content obtained using ethanol is higher
than that of the extracts obtained using methanol and ethyl
acetate.

3.2.2. Total Flavonoid Content Test. Figure 3 displays the
total flavonoid content of the coffee pulp extracts obtained
using different ethanol concentrations. ,e results showed
that the total flavonoid content of the coffee pulp extract
obtained using 50% ethanol was the highest at 25.1 mg
quercetin/g coffee pulp), followed by that of the extracts
obtained using 70%, 0%, and 99.5% ethanol (20.0, 19.6,
and 5.6mg quercetin/g coffee pulp, respectively). Alkal-
tham et al. used methanol and ethyl acetate for coffee pulp
extraction and discovered that the total flavonoid content
of coffee pulp extracts obtained using methanol and ethyl
acetate was 8.02 and 0.787mg catechin equivalent/dry
weight (CE/g DW), respectively [26]. However, the
standards employed in the present study and by Alkal-
tham et al. (2020) were different. ,erefore, the current
authors referred to research on the antioxidant capacity of
plants (i.e., Cistus incanus) conducted by Dimcheva and
Karsheva in 2018. ,ey applied quercetin and (+)−cate-
chin as standards to measure the total flavonoid content
and explored the total flavonoid content during 5–500
minutes of extraction. ,e results were 40.8–138.44mg
quercetin equivalents/dry weight (QE/g DW) and
6–20.36mg CE/g DW. Analysis and comparison revealed
that during 5–500 minutes of extraction, the mg QE/g DW
was 6.8 times higher than mg CE/g DW [39]. ,e com-
parison of the results of Dimcheva and Karsheva (2018)
and Alkaltham et al. (2020) indicated that the total fla-
vonoid content of the coffee pulp extraction obtained
using methanol and ethyl acetate in the research of
Alkaltham et al. (2020) was approximately 55 and 5mg
QE/g DW, respectively. Accordingly, in the total flavonoid
content, the total phenolic content of the extract obtained
using ethanol was higher than that of the extract obtained
using ethyl acetate but lower than methanol.

3.2.3. DPPH-Free Radical Scavenging Capacity Test. ,e
DPPH-free radical scavenging capacity of the coffee pulp
extracts obtained using different ethanol concentrations is
shown in Figure 4. ,e results demonstrated that the IC50 of
the coffee pulp extract obtained using 50% ethanol was the
lowest (1.52mg/mL), followed by that of the extracts ob-
tained using 70%, 0%, and 99.5% ethanol (1.75, 3.96, and
5.50mg/mL, respectively). ,is finding indicated that the
coffee pulp extract obtained using 50% ethanol had the most
satisfactory DPPH-free radical scavenging capacity. By
contrast, Alkaltham et al. (2020) used methanol for coffee
pulp extraction and discovered that the IC50 of the extract
obtained using methanol was 5.07–6.01mg/mL. Accord-
ingly, the IC50 (DPPH-free radical scavenging capacity) of
the coffee pulp extract obtained using ethanol is lower than
that of the extract obtained using methanol.
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3.2.4. ABTS-Free Radical Scavenging Capacity Test.
Figure 5 illustrates the ABTS-free radical scavenging ca-
pacity of the coffee pulp extracts obtained using different
ethanol concentrations. ,e results demonstrated that the
IC50 of the coffee pulp extract obtained using 50% ethanol
was the lowest (1.52mg/mL), followed by that of the extracts
obtained using 70%, 99.5%, and 0% ethanol (1.68, 4.51, and
4.73mg/mL, respectively).,is finding proves that the coffee
pulp extract obtained using 50% ethanol has the most sat-
isfactory ABTS-free radical scavenging capacity. ,e finding
is consistent with that of Tran et al. (2020). ,ey extracted
coffee pulp using different solvents and discovered that the
ABTS-free radical scavenging capacity of the coffee pulp
extract obtained using 50% ethanol was 50.68mg TE/g DW,
which was higher than that of the extracts obtained using 0%
and 100% ethanol, and that the extraction effectiveness of
50% ethanol was superior among different concentrations of
methanol and ethanol.

3.2.5. Reductive Capacity Test. Figure 6 displays the re-
ductive capacity of the coffee pulp extracts obtained using
different ethanol concentrations.,e results showed that the
reductive capacity of the coffee pulp extract obtained using
50% ethanol was the highest (41.36mg AAE/g coffee pulp),
followed by that of the extracts obtained using 0%, 70%, and
99.5% ethanol (34.09, 28.48, and 9.20mg ascorbic acid/g
coffee pulp, respectively).

3.3. Tyrosinase Inhibition Capacity Test. ,e tyrosinase in-
hibition capacity of the coffee pulp extracts obtained using
different ethanol concentrations is illustrated in Figure 7.
,e results showed that the IC50 of the coffee pulp extract
obtained using 70% ethanol was the lowest (2.55mg/mL),
and IC50 values of the extracts obtained using 0%, 50%, and
99.5% ethanol were 5.65, 2.71, and 11.16mg/mL, respec-
tively. ,us, the coffee pulp extract obtained using 70%
ethanol had the most satisfactory tyrosinase inhibition
capacity.

According to the literature review, the coffee pulp
extract obtained using different solvents has different ef-
fects [25]. Compared with the research where the coffee
pulp extract was obtained using methanol and ethyl acetate
[26], the coffee pulp extract obtained using ethanol had
higher total phenolic content and total flavonoid content as
well as more satisfactory DPPH-free radical scavenging
capacity than that obtained using methanol and ethyl
acetate.

In addition, the results of the present study correspond
to those of Tran et al. (2020): the coffee pulp extract obtained
using 50% ethanol had superior ABTS-free radical scav-
enging capacity and higher CGA content than those of the
extracts obtained using 0% and 100% ethanol [28].

Table 1: Caffeine and chlorogenic acid content of the coffee pulp extracts obtained using different ethanol concentrations.

Ethanol concentrations (%) Caffeine (mg/mL) Chlorogenic acid (mg/mL)
0 0.38 0.002
50 0.08 0.59
70 0.06 0.53
99.5 0.04 0.14
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Figure 2: Total phenolic content of the coffee pulp extracts obtained using different ethanol concentrations.
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Figure 3: Total flavonoid content of the coffee pulp extracts ob-
tained using different ethanol concentrations.
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Figure 4: DPPH-free radical scavenging capacity of the coffee pulp extracts obtained using different ethanol concentrations. (a) DPPH-free
radical scavenging activity; (b) IC50 of DPPH-free radical scavenging activity.
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Figure 5: ABTS-free radical scavenging capacity of the coffee pulp extracts obtained using different ethanol concentrations. (a) ABTS-free
radical scavenging activity; (b) IC50 of ABTS-free radical scavenging activity.
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Figure 6: Reductive capacity of the coffee pulp extracts obtained using different ethanol concentrations.
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Consistent results for the CGA content and ABTS-free
radical scavenging capacity were discovered. Both of the
antioxidant capacity decreased in the order of 50%, 70%,
99.5%, and 0% ethanol. Furthermore, the literature indi-
cated the CGA has superior antioxidant capacity and can be
effectively applied to the enhancement of DPPH- and
ABTS-free radical scavenging capacity [40].

4. Conclusion

In this study, different ethanol concentrations were
adopted to extract coffee pulp, and the antioxidant capacity
and tyrosinase inhibition capacity were examined. ,e
results revealed that the coffee pulp extract obtained using
70% ethanol had the highest tyrosinase inhibition capacity,
whereas that obtained using 50% ethanol had the most
satisfactory antioxidant capacity (total phenolic content,
total flavonoid content, DPPH-free radical scavenging
capacity, and ABTS-free radical scavenging capacity).
Accordingly, although the coffee pulp extracts obtained
using different ethanol concentrations had varying
antioxidant capacities, they all had antioxidant effects. ,e
use of different ethanol concentrations greatly affected the
tyrosinase inhibition capacity.
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