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Abstract

The commercial use of coffee (Coffea arabica) husks, one of the major solid residues obtained
during the dry processing of coffee, has previously been considered unprofitable. However,
coffee husks are an excellent source of stable anthocyanins that have antioxidative,
anti-inflammatory, and cardioprotective properties. The present work identified two
anthocyanins, cyanidin-3-glucoside and cyanidin-3-rutinoside, from coffee husks by
high-performance liquid chromatography and liquid chromatography-mass spectrometry. The
antioxidant capabilities were tested by quenching free radical scavenge assay, reducing
power, and ORAC assay at 50, 100, 150, 200 mg/L of coffee husk anthocyanins (CHAs).
Moreover, the effects of different concentrations of CHAs on superoxide dismutase (SOD)
and lactate acid dehydrogenase (LDH), and the concentration of malondialdehyde (MDA) in
human umbilical vein endothelial cells exposed to hydrogen peroxide were also evaluated.
Human colon cancer (Caco-2) cell apoptosis induced by CHAs was examined by flow
cytometry. Based on the results, CHAs showed strong dose-dependent antioxidant activities,
and could increase SOD activity, and suppress indicators for oxidative injuries such as MDA
and LDH. Furthermore, the proportion of apoptotic Caco-2 cells ranged from 4.12 to 41.3% in
response to treatment with different concentrations of CHAs. These results suggest that CHAs

exhibit antioxidant and pro-apoptosis activities.

© All Rights Reserved

Introduction

Coffee, made from the roasted seeds of
Coffea arabica, a widely cultured crop, is a very
popular hot beverage due to its attractive aroma and
unique flavour (Wei et al., 2012; Cagliani et al.,
2013). The popularity of coffee is also related to
coffee’s image as a functional food (De Melo Pereira
et al, 2020). Coffee production generates large
amount of coffee by-products such as silverskin,
parchment, pulp, husk, and skin; 30 - 50% of the total
weight of the produced coffee predominantly ended
up as waste in the past (Oliveira and Franca, 2015).
Researchers have then begun to study the potential
uses of coffee by-products to increase their utilisation.
Studies showed that coffee by-products contain a
number of biologically active compounds including
caffeine, tannins, chlorogenic acid (Brendan and
Tien, 2018), carotenoids (Moreira et al., 2018),
anthocyanins (Oliveira and Franca, 2015), and
melanoidins (Tores de la Cruz et al,, 2019), all of
which are beneficial for human health (Duangjai et
al., 2016; Amaia et al, 2019). Recent research
indicated that coffee by-products could be used as
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novel foods (Klingel ef al., 2020).

Coffee husks (CHs) are one of the major
coffee by-products from the de-hulling process of the
coffee cherries during drying. The CHs have been
considered as an excellent novel source of stable
anthocyanins (Prata and Oliveira, 2007) which are
natural plant pigments of the flavonoid family.
Flavonoids have been demonstrated to have the
following activities: antioxidative, free radical
scavenging, coronary heart disease preventive,
hepatoprotective, anti-inflammatory, and anticancer
(Shi et al., 2019; Wenzel et al., 2000). A number of
flavonoids exhibit potential antiviral activities (Zeng
et al., 2007). Today, anthocyanins gained increasing
interest as potent bioactive agents because of their
oxidative (Gabriela et al., 2018), anti-inflammatory
(Lee et al, 2018), and cardioprotective properties
(Krga and Milenkovic, 2019). However, to date, only
few studies have reported the antioxidant and
pro-apoptosis potentials of coffee husk anthocyanins
(CHASs) in different cell lines. Liquid chromatogra-
phy-mass spectrometry (LC-MS), a powerful tool for
chemical analysis, has been utilised for the quality
evaluation of natural products based on the efficient
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chromatographic separation and accurate
identification of individual compounds (Zhu et al.,
2013). With the availability of this method for
qualitative and quantitative analyses, LC-MS has
become one of the most frequently applied
techniques for evaluating chemical profiles of
botanical products (Yi et al., 2013; Chen et al., 2017).

To estimate the efficacy of CHAs, and to
support further utilisation of coffee by-products, the
CHAs were determined by HPLC and LC-MS. The
main antioxidant effects of CHAs were evaluated in
vitro by quenching their hydroxyl radical free
scavenging activity, reducing power, and oxygen
radical absorbance capacity (ORAC). Moreover, the
effect of CHAs on the activities of superoxide
dismutase (SOD) and lactate acid dehydrogenase
(LDH), as well as the concentration of malondialde-
hyde (MDA) in human umbilical vein endothelial
(HUVEC) cells exposed to hydrogen peroxide
(H,0,) were also determined. In addition, following
the treatment with CHAs, human colon cancer
(Caco-2) cell apoptosis was examined by flow

cytometry.
Materials and methods

Materials, chemicals, and reagents

Fresh coffee cherries were collected at
Beihuigui coffee company in Puer and Baoshan
cities, Yunnan, China, in September 2014. The
coffee cherries were peeled, and the peel was
homogenised to obtain the coffee husks (CHs).

The HUVEC and Caco-2 cell lines were
purchased from ALLCELLS Biotechnology
Company (Shanghai, China) and Kunming Institute
of Zoology Cell Line Bank (Yunnan, China),
respectively. Dulbecco’s Modified Eagle’s Medium
(DMEM), foetal bovine serum, penicillin, and
streptomycin  were purchased from Invitrogen
(Eugene, USA). Assay kits for SOD, LDH, and
MDA were purchased from Jiancheng Bioengineer-
ing Institute (Jiangsu, China). An annexin V-FITC

apoptosis detection kit was purchased from
Beyotime Biotechnology Company (Shanghai,
China).

High-performance liquid chromatography
(HPLC)-grade methanol was purchased from Merck
Inc. (Darmstadt, Germany). Gallic acid (purity >
98%) was purchased from Solarbio, Inc. (Beijing,
China).  Fluorescein was  purchased from
Sigma-Aldrich, Inc. (St Louis, USA). NaCO,,
FeSO,, H,O,, ftrichloroacetic acid (TCA),
2,2'-azobis-2-methyl-propanimidamide (AAPH),
and 2-tribarbituric acid (TBA) were purchased from
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Sinopharm Chemical Reagent Co., Ltd. (Shanghai,
China), and were all of analytical grade.

Extraction of coffee husk anthocyanins

Coffee husks were immersed in 50%
HCI-MeOH for 24 h, and this was repeated twice.
Then, the extract solution was filtered, condensed by
a rotary evaporator (RE-2000A, Shanghai, China) at
50°C, and stored in a refrigerator at -20°C until
further analysis.

Determination of total phenolic contents of the
extract

Briefly, 50 pL of extraction solution was
mixed with 250 pL of Folin-Ciocalteu reagent and
2.5 mL of distilled water for 3 min. Then, 750 pL. of
20% Na,CO, solution was added, and the mixture
was shaken for 60 min at room temperature. The
absorbance was measured at 765 nm, using gallic
acid as standard. The concentration of total phenolic
contents in the sample was expressed as mg of gallic
acid equivalents (GAE)/g of the extract.

Purification of coffee husk anthocyanins

The extract was subjected to MCI gel and
CHP 20P gel column chromatography (CC), eluted
with a CH,OH-H,O (5% acetic acid) gradient system
to obtain fractions. Then, these fractions were
repeatedly separated by Sephadex LH-20 CC and
ODS-gel CC with CH,OH-H,O (5% acetic acid)
gradient system to obtain CHAs. At the same time,
the apoptosis-inducing capacity of the CHAs in
Caco-2 cells was evaluated.

HPLC and LC-MS analysis
anthocyanins

The CHAs were separated by an Agilent
1100 HPLC system, which was equipped with a UV
detector (330 nm) and XBridge C18 column (250 X
4.6 mm, 5 pm particle size). The mobile phase was
CH,OH-H,O from 10 to 90% at a flow rate of 1
mL/min. The column temperature was 30°C,
injection volume was 20 pL, and separation time was
30 min. The CHAs were determined by HPLC
coupled with a MS system (HPLC-MS) gel
chromatograph using Thermo Scientific Quantum
(San Jose, USA). Mass spectrometry was performed
with a photodiode array detector and an electrospray
ionisation (ESI) interface, operated in positive mode.
The source parameters were as follows: capillary
voltage of 1500 V, drying gas N, at a flow rate of 530
L/h, drying gas temperature of 105°C, and mass
range of m/z 50 - 1500.

of coffee husk
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Hydroxyl radical scavenging capacity of coffee husk
anthocyanins

The hydroxyl radical scavenging capacity of
CHAs was determined according to Je et al. (2009).
Hydroxyl radicals were generated by a Fenton
reaction in the presence of FeSO, A reaction
mixture, comprising 10 mM 2-deoxyribose, 10 mM
FeSO,, 10 mM EDTA, and 10 mM H,O, in 0.1 M
phosphate buffer (pH 7.4) was added to different
concentrations of CHAs, and the mixtures were
incubated for 4 h at 37°C. Then, the reaction was
stopped by adding 0.5 mL of 2.8% trichloroacetic
acid (TCA) and 1.0% of 2-tribarbituric acid (TBA).
The sample solution was cooled in water after
keeping it in a boiling water bath for 10 min. The
absorbance was measured at 532 nm.

Reducing power ability of coffee husk anthocyanins

The reducing power ability of CHAs was
determined according to Pavithra and Sasikumar
(2015). Briefly, 1.0 mL of diluted CHAs solution was
mixed with 0.5 mL of 0.2 M phosphate buffer (pH
6.6) and 2.5 mL of 1% potassium ferricyanide
(K Fe(CN),), and the mixture was incubated in a
water bath at 50°C for 30 min. Then, 0.5 mL of 10%
trichloroacetic acid was added and centrifuged
(13,000 g, 10 min). Next, 2.5 mL of the upper layer,
2.5 mL of distilled water, and 0.5 mL of 0.1% of
ferric chloride were mixed. The absorbance was
measured at 700 nm.

Oxygen radical antioxidant capacity of coffee husk
anthocyanins

Oxygen radical antioxidant capacity
(ORAC) assay of CHAs was performed according to
Anthony and Saleh (2013) with minor modifications.
First, 100 uL. of CHAs were diluted by phosphate
buffer (75 mM, pH 7.4) and later, 50 pL of 50 nM
fluorescein was added and the mixture was placed
into black 96-well microplates. Then, the reaction
mixture was incubated at 37°C for 15 min. Finally,
20 mM of 2,2'-azobis-(2-methyl-propionamidine)
hydrochloride (AAPH) solution was added to a final
volume of 200 pL. The fluorescence signal was
measured using a fluorescence spectrophotometer
(BioTek synergy H4, Winooski, USA) at 10 min
intervals for 120 min using excitation wavelength of
485 nm and emission wavelength of 520 nm. Trolox
was used as standard for the construction of the
calibration curve.

Cell culture
HUVEC cells were cultured in DMEM with
10% foetal bovine serum (FBS), 10,000 units/mL

1189

penicillin, and 50 pg/mL streptomycin at 37°C under
a humidified atmosphere with 5% CO, supplementa-
tion. The Caco-2 cells were also cultured in DMEM
with 10% FBS, 2 mM L-glutamine, 100 U/mL
penicillin, and 0.1 mg/mL streptomycin at 37°C
under a humidified atmosphere with 5% CO,
supplementation.

Determination of superoxide dismutase and lactate
acid dehydrogenase activities, and malondialdehyde
concentrations

The activities of SOD and LDH, as well as
the MDA concentrations were determined according
to Fan ef al. (2013). Briefly, 2 x 10° HUVEC cells
were seeded in T-25 flasks, and cultured for 24 h at
37°C under a humidified atmosphere with 5% CO,.
Then, HUVEC cells were treated with different
concentrations of CHAs (100, 200, and 300 mg/L in
methanol) and cultured for 24 h. Next, 400 pmol/L of
H,0, was added, and the mixtures were cultured
again for 24 h. At the end of the incubation period,
the supernatants and cell lysates were collected. The
activities of SOD and LDH, as well as the MDA
concentration were detected using assay kits in
accordance with the manufacturer’s instructions. The
absorbance (A) was read at 440 nm for LDH activity,
532 nm for MDA concentration, and 550 nm for
SOD activity.

Apoptotic rate assay of Caco-2 cells

The proportion of apoptotic cells in
CHAs-induced Caco-2 cells was detected using an
annexin V-FITC apoptosis detection kit in
accordance with the manufacturer’s instructions. The
Caco-2 cells were seeded in T-25 flasks, and treated
with different concentrations of CHAs for 12 h.
Then, cells were digested with trypsin for 2 min,
harvested, and the cells were centrifuged (15,000 g,
15 min). The pellets were removed and washed twice
with PBS, and re-suspended in 1x binding buffer.
Finally, 5 pL of annexin V-FITC conjugate and 10 p
L of propidium iodide were added, and the cells were
kept in the dark at room temperature for 10 min. The
annexin V-FITC/Pl-stained cells were assessed by
flow cytometry.

Statistical analysis

All experiments were performed in triplicate,
and SPSS 18.0 was used to analyse the data. The
results were expressed as mean + standard deviation
(SD). One-way analysis of variance (ANOVA) was
used to determine the differences among experimen-
tal groups, where p < 0.05 was considered as
significant difference.
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Results and discussion

Total phenolic content of coffee husks

The CHAs were extracted using 50%
HCI-MeOH for 24 h, which was repeated twice.
Results showed that CHs were rich in anthocyanins,
which have received increasing interest as functional
compounds in the food manufacturing industry. The
phenolic content of CHs was 14.99 + 0.029 (GAE)/g.
The CHA content has been reported to be related to
the extraction conditions such as pre-soaking, liquid
ammonia pre-treatment, sonication, liquid-solid
ratio, extraction temperature, extraction time, sample
immersion time, and extraction times (Zhao et al.,
2020). The extraction conditions should be optimised
by future studies to further increase the yield of
CHA:s.

HPLC and LC-MS characterisations of coffee husk
anthocyanins

The HPLC-MS was used to analyse CHAs.
Two peaks were detected at 520 nm in the HPLC
chromatogram of CHAs (Figure 1). The chemical
structures of these two anthocyanins were identified
using LC-MS, and compared with the data published
by Murthy and Madhava (2012). Cyanidin-3-gluco-
side and cyanidin-3-rutinoside were identified as the
main CHAs, which agree with previous findings
(Prata and Oliveira, 2007; Murthy and Madhava,
2012; Oliveira and Franca, 2015).

Hydroxyl radical scavenging capacity of coffee husk
anthocyanins

Fruits and vegetables are rich in
anthocyanins, and their free radicals scavenging and
reducing power abilities have been confirmed
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(Szymanowska et al., 2018; Zhu et al., 2019). The
antioxidant capabilities of CHAs were assessed by
their scavenging ability of free radicals and reducing
power ability. Moreover, the dose response of the
quenching of hydroxyl free radical scavenging
efficacy of CHAs was also evaluated. As shown in
Figure 2, the scavenging rates of hydroxyl radicals by
CHAs were 66.27 + 8.48, 72.29 + 13.40, 78.31 +
0.96, and 84.58 = 0.96% at 50, 100, 150, and 200
mg/L, respectively, when compared with ascorbic
acid. These rates increased with increasing CHA
concentrations. At 200 mg/L, CHAs showed the
highest scavenging capability when compared with
the other concentrations (p < 0.05).

b
b
a
100mg/L  150mg/L  200mg/L
CHA concentration

120 |

100 |

60 |

40 |

20 |

Hydroxyl radical scavening capacity(%)

0
Ascorbic acid 50mg/L

Figure 2. Hydroxyl radical scavenging activity of
coffee husk anthocyanins (CHAs). Values are mean
of triplicate (n = 3) with error bars indicating SD.
Means with different lowercases indicate significant
differences (p < 0.05).

Reducing power ability of coffee husk anthocyanins
The reducing power of bioactive
components is often used as an indicator of phenolic
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Figure 1. High-performance liquid chromatography (HPLC) chromatogram of

coffee husk anthocyanins (CHAs).
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antioxidant action (Orhan et al., 2009). In the present
work, the reducing power of CHAs, as detected by
the Fe’* reduction method, and a higher optical
density (OD) value were used as indicators of a larger
reducing power. As shown in Figure 3, the reducing
powers of CHAs were 0.058 + 0.002, 0.079 + 0.004,
0.097 £0.002, and 0.119 £ 0.001 at 50, 100, 150, and
200 mg/L, respectively (p < 0.05). This showed that
OD increased with increasing concentrations from 50
to 200 mg/L. The reducing power of CHAs was
similar to the antioxidant activity which increased
with the concentration of CHAs. Furthermore, the
reducing power of CHAs was much lower than that
of ascorbic acid, which ranged from 4.52 to 9.28%.

Oxygen radical absorbance capacity of coffee husk
anthocyanins

The ORAC assay is based on the antioxidant
inhibition of the peroxyl radical-induced oxidation of
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Figure 3. Reducing power ability of coffee husk
anthocyanins (CHAs). Values are mean of triplicate
(n = 3) with error bars indicating SD. Means with
different lowercases indicate significant differences
(p <0.05).
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a sample, where the peroxyl radicals are generated by
the thermal decomposition of azo-compounds, such
as AAPH (Mellado-Ortega et al., 2017). In the
present work, the antioxidant capability of CHAs
was also evaluated by ORAC assay. As shown in
Figure 4, the oxygen radical absorbance capacity of
CHAs also followed a dose-dependent relationship,
and was strongest at 200 mg/L when compared with
the other concentrations. The ORAC value of CHAs
was 335.6 = 0.06 umoL TE/g, which matched the
values reported by other studies on antioxidant
activities of anthocyanins from different sources
(Prior and Wu, 2006; Galvano et al., 2007).

Based on these results, the antioxidant
activity of CHs may be related to their anthocyanin
contents, which showed high activities for
1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging,
superoxide anion radical scavenging, hydrogen
peroxide scavenging, reducing power, and metal
chelating on ferrous ions (Steed and Truong, 2008).

Effects of coffee husk anthocyanins on levels of
superoxide dismutase, lactate acid dehydrogenase,
and malondialdehyde

Previous research showed that plant-based
anthocyanins can protect cells against oxidative
damage by regulating the activities of SOD and
LDH, as well as the concentrations of MDA (Lee et
al., 2018; Wang et al, 2018). Figure 5 shows the
effects of CHAs on SOD and LDH activities, as well
as the concentration of MDA in H,O, oxidation
stress-induced HUVEC  cells. These results
demonstrated that CHAs could increase the activity
of SOD and suppress MDA and LDH (indicators of
oxidative injuries). When the HUVEC cells were
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Figure 4. Oxygen radical absorbance capacity of coffee husk anthocyanins (CHAS).
Values are mean of triplicate (n = 3) with error bars indicating SD.
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Figure 5. Effects of coffee husk anthocyanins (CHAs)
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as the MDA concentration in the culture supernatants
and cell lysates of human umbilical vein endothelial
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pre-treated with CHAs at 100, 200, or 300 mg/L (and
were subsequently treated with H,O,), the
percentages of activity of SOD increased by 87.78 +
4.48,93.97+£3.51, and 94.50 = 10.28%, respectively,
when compared with the control group. This
indicated that CHAs enhanced the anti-oxidative
capability of cells by increasing SOD activities. At
the same time, the LDH percentage level of the H,0O,
treatment group increased by 154.61 +33.51%, when
compared with the control (p < 0.05). However,
when HUVEC cells were pre-treated with CHAs at
100, 200, or 300 mg/L, (and were subsequently
treated with H,O,), the LDH levels significantly
decreased by 131.91 + 14.27, 128.1 + 24.31, and
127.86 £ 17.97%, (p < 0.05), respectively, when
compared with the control group. In addition, the
effect of CHAs on the MDA concentration was
similar to that on LDH activities. The MDA
percentage reached 130.83% in the H,O, treatment
alone when compared with the control group (p <
0.05). In response to increasing CHAs concentrations
(100, 200, and 300 mg/L), the percentages of MDA
concentration decreased in a dose-dependent manner
to 106.67 = 17.71, 104.17 + 5.89, and 103.33 =+
18.86%, respectively, when compared with the
control group. Cells treated with 300 mg/L. CHAs
showed significant differences when compared with
the H,O, treatment alone group. This dose-dependent

decrease suggested that CHAs reduced the
lipid-membrane oxidation by scavenging free
radicals.

The SOD, the preferred detoxification

enzyme and the most powerful antioxidant in the cell,
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is an important endogenous antioxidant enzyme that
acts as a component of the first-line defence system
against reactive oxygen species (Ighodaro and
Akinloye, 2018). The SOD eliminates superoxide
anion radicals, thus preventing oxidative damage in
living cells. The CHAs could improve the
antioxidative capability of cells by increasing their
SOD activities in a dose-dependent manner. The
MDA forms as one of the by-products of lipid
peroxidation and can thus be used as a lipid
peroxidation indicator, and is indirectly involved in
the degree of cellular damage (Najeeb et al., 2012).
In the present work, the concentration of MDA
significantly increased in the H,O, treatment group,
when compared with the non-treatment control group
(p < 0.05). The contents of MDA decreased in the
groups treated with different CHA concentrations,
which might be related to the free radicals
scavenging capability of cyanidin 3-rutinoside and
cyanidin 3-glucoside (the main anthocyanins in
CHs), thus interrupting lipid peroxidation. In
addition, LDH assay was used to evaluate the cell
membrane integrity and the extent of cell damage or
death. The LDH levels of the cellular supernatant
correlated with the oxidative injury of endothelial
cells (Stancel et al, 2016). Our previous work
showed that the LDH levels of ECV340 cells
significantly increased after H,O, treatment, which
increased cell death (Fan ef al., 2013). In the present
work, the LDH levels decreased in the three groups
treated with different concentrations of CHAs, when
compared with the H,O,-treated group. This
suggested that CHAs could maintain cell membrane
integrity and prevent LDH leakage from cells.

Effect of inducing apoptosis on Caco-2 cells by
coffee husk anthocyanins

Our previous results of MTT assay indicated
that CHAs inhibited the growth of Caco-2 cells in a
dose-dependent manner (data no shown). The result
of annexin V-FITC combined with PI, for
quantitatively assessing CHAs-induced apoptosis,
demonstrated that CHAs induced Caco-2 cell
apoptosis in a dose-dependent manner (Figure 6).
The proportion of apoptotic Caco-2 cells significant-
ly increased from 4.12 to 41.3%. Thus, CHAs
induced apoptosis in Caco-2 cells, which resulted in
the subsequent inhibition of cellular proliferation.
The apoptosis induction on Caco-2 cells by CHAs
may be caused by CHAs, cyanidin-3-glucoside, or
cyanidin-3-rutinoside, which have been shown to
have anti-cancer properties in previous studies. For
example, the cyanidin-3-rutinoside and
cyanidin-3-glucoside from agai palm (Euterpe
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Figure 6. Flow cytometric analysis of Caco-2 cells treated with different concentrations of coffee
husk anthocyanins (CHAS) for 24 h. A: Control group, B-E: CHA treatment groups (exposure to 50,

100, 150, and 200 mg/L extract, respectively).

oleracea Mart.) inhibited HT-29 colon cancer cell
proliferation by up to 95.2%. Cyanidin 3-rutinoside
and cyanidin 3-glucoside from mulberry (Morus alba
L.) caused a stepwise suppression of cancer cell
metastasis by significantly inhibiting the invasion of
highly metastatic A549 cells (Chen et al., 2006).

Conclusion

Based on the HPLC and LC-MS results,
cyanidin-3-glucoside and cyanidin-3-rutinoside were
identified as the main anthocyanins of CHs. CHAs
showed strong antioxidant abilities in assays
assessing their hydroxyl radical scavenging capacity,
reducing power, and oxygen radical absorbance
capacity. Moreover, the activities of SOD and LDH,
as well as the concentration of MDA (i.e., indicator
for oxidative injuries in HUVEC cells exposed to
H,0, and treated with CHAs) showed that CHAs
could reduce the oxidative damage of cells. CHAs
induced apoptosis in Caco-2 «cells in a
concentration-dependent manner. Overall, these
results confirmed that CHs can be used as functional
compounds for food manufacturing.
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