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Abstract: Characterization of anthocyanins, polyphenols and the biological properties of coffee skin/pulp,
which is a residue obtained during the coffee processing were investigated. The anthocyanins were extracted
with 0.01 M HCl, purified by Sephadex LH-20 column chromatography and were analyzed by high-performance
liquid chromatography coupled with photodiode array detection, electrospray ionization - mass spectrometry.
The anthocyanins from coffee pulp yielded 25 mg of monomeric anthocyanins / 100 g of fresh pulp on a dry
weight basis. The purified anthocyanin was identified as cyanindin-3-rutinoside and cyanidin-3- glucoside with
mass profile of m/z=594.66. The red color of coffee peels is due to the presence of cyanidin 3-rutinoside
confirmed by H-NMR and C-NMR. The coffee pulp had 22 mg GAE g  of polyphenols and free radical1 13 1

scavenging-linked antioxidant activity was observed. Coffee anthocyanins have shown multiple biological
effects. The coffee anthocyanins resulted in effective -glucosidase inhibitory activity with an IC  value of50

0.22 mg/mL and -amylase inhibitory activity with IC  values of 0.43 mg/mL. The coffee pulp, a source of50

anthocyanins can find an opportunity as colorants and bioactive ingredients for formulated foods. This is the
first report on coffee anthocyanins with their biological activity.
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INTRODUCTION coffee fruit without seeds, is an abundant agricultural by-

Coffee is one of the international agricultural produce problems. It represents around 43 % of the weight of the
and is cultivated all over the world. The processing of coffee  fruit on a fresh weight basis,  or  approximately
coffee generates expressive amounts of agricultural 28%  (26 - 30 %) of the coffee fruit on a dry weight basis.
residues  such as   coffee/skin   pulp   and   cherry    husk. The other by-products of coffee fruit processing are the
In the wet processing method, coffee cherries are mucilage, about 5 % (5-14 %) of the dry weight of the fruit
depulped to remove the skin (exocarp) and the pulp (outer and coffee hulls, representing 12 % (10-12 %) of the
mesocarp). The skins separated by pulping are led away weight of the fruit on a dry weight basis.
from the vats into the collection pits. These coffee pulps The research and development efforts on value
represent the most abundant waste produced during the addition  and  efficient  utilization of nutritionally rich
pulping operation of the coffee. It represents 55.4 % of the agro-industrial residues such as whey, sugar beet pulp,
fruit on  dry  weight  basis  and the rest is considered to cassava bagasse, apple pomace, citrus waste, coffee
be by-products or residues. Every two ton of coffee pulp/husk, etc. The overall strategy for the utilization of
produced delivers one ton of coffee pulp/husk [1]. India such food processing residues is generally built around
grows about 3l akh tonnes and is the fifth major coffee fermentative  or non-fermentative product development.
producing country. Generally wet method of coffee In the case of fermentative utilization, the residues are
processing is adopted and thereby coffee pulp is used as microbial substrates for the development of value
obtained. Due to the rich organic matter content, coffee added products and in non-fermentative concepts, agro
pulp can form an excellent substrate for production of industrial residues are processed for the extraction of
value added products [2]. Coffee pulp, also identified as bioactive  molecules [3].  With this  outlook,  coffee  pulp

product that causes serious environmental pollution
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can be exploited as a source of anthocyanins. Purification of Anthocyanins: The aqueous extract of
Anthocyanins  are  plant  pigments   widely  distributed coffee pulp was passed through a 500 mg sorbent C-18
in colored  fruits  and  flowers. Renewed interest in sep-pak cartridge (Waters Associates, Milford MA).
anthocyanins has emerged because of their potential Anthocyanins were adsorbed onto the cartridge whereas
health   benefits    as    antioxidant,    anticarcinogenic, sugars, organic acids and other water soluble compounds
anti-inflammatory agents and for their anti-hypoglycemic were washed off the cartridge with 0.01 % with aqueous
effect [4]. Few reports indicate that the natural hydrochloric acid. Anthocyanins were eluted using
anthocyanins extract inhibited -amylase action, acidified methanol (0.01 % v/v HCl). Methanol was
indicating that anthocyanins would have a potential evaporated using a rotary evaporator at 40°C and
function to suppress the increase in postprandial glucose pigments were dissolved in double distilled water
level from starch [5]. containing 0.01 % HCl. The partially purified concentrated

In view of the aforementioned, the objective of the extracts  were  loaded   onto   sephadex  LH-20  column
study was to evaluate the potential of coffee pulp as (1.0 x 60 cm) and eluted with a mixture of
source of anthocyanins, identify and characterize by methanol/water/trifluroacetic acid at a ratio of 20:79.5:0.5
HPLC, ESI-MS and NMR spectroscopy and understand [6]. The separated fractions were pooled and were
their biological activity. concentrated using a lyophiliser (Thermo lab, UK) and

Experimental
Samples and Chemicals: Coffee fruits were  collected High–Performance      Liquid         Chromatography:
from  CCRI,  Coffee  Board,  India.   Skin   of  the fruits The anthocyanin samples were filtered through 0.45 µm
were separated manually, coffee skin / pulp were  stored membrane filter and analyzed by HPLC with a photodiode
at-20°C  until  extraction. -Glucosidase  (EC 3.2.1.20) array detector. The detection was carried out at 520 nm.
from baker’s yeast (type I), p-nitrophenyl- -D- The flow rate was 1.0 ml/min. A C-18 CDS column (250 mm
glucopyranoside (PNP-G) were purchased from Sigma x4.6 mm) having a particle size of 5.0 µm was used for
Chemical Co. Ltd. (St. Louis, MO). All the solvents used HPLC. A gradient mobile phase used for elution: eluant A
in the study were of analytical grade procured from the was acetonitrile and B was 3.0% acetic acid / 5.0 %
standard companies. acetonitrile / 1.0 % phosphoric acid in water [6].

Extraction of Pigments: The coffee pulp was extracted Acid and Alkaline Hydrolysis of Anthocyanins: The acid
with 0.01 HCl solutions in methanol in 1:2 ratios for 18 h at and alkaline hydrolysis of the extracts was carried out as
cold temperature (4°C). The slurry was filtered and the per Wrolstad [6]. The anthocyanins after hydrolysis were
methanol extract was concentrated in a rotary evaporator purified using C -Sep-pak cartridge.
(40°C). The concentrate was stored at -20°C for further
analysis. Electrospray Ionization Mass Spectroscopy of

Determination of Total Phenolics: Total phenolics (TP) sephadex LH-20,lyophilized and was diluted with
were determined colorimetrically using Folin–Ciocalteau methanol and analyzed by ESI-MS Q-TOF Ultima  mass
reagent, as described by Wrolstad [6]. Total phenolic spectrometer, with electrospray ionization (ESI-MS)
assay was conducted by mixing 2.7 ml of de-ionised water, interface (Waters corporation, milford, MA) and loop
0.3 ml of extracts, 0.3 ml 7 % Na CO  and 0.15 ml injection. A 5.0 µl sample of purified anthocyanin extracts2 3

Folin–Ciocalteu reagent. Absorbance of mixture was was injected into the system. Positive ion spectra of the
measured at 725 nm. A standard curve was prepared using column eluate were recorded at a range of 250-1000 m/z, at
gallic acid. Final results were given as mg/g of gallic acid scan rate of 2.0 s/cycle under the collision energy
equivalents (GAE). 10.0;capillary voltage 35V;cone voltage 100 KV;source

Determination of Anthocyanin Content in Coffee Pulp: gas flow 0.81/min; desolvation gas flow 98.31/min); argon
Monomeric anthocyanin content of the fresh coffee pulp (collision gas). Samples were analyzed in triplicates.
was measured using a spectophotometric pH differential
protocol [6]. Anthocyanin content was expressed as NMR Spectroscopy: The purified fraction of the
milligrams of cyanidin 3-glucoside equivalents per 100 g anthocyanidin from coffee pulp was analyzed on a Burker
of fresh coffee fruit peel for the triplicate extracts. Avance  500 instrument. Sample (10.0 mg) was dissolved

subjected for further analysis.

18

Anthocyanins: The purified sample collected from

TM

temperature 30°C;desolvation temperature 300°C ;cone
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on 0.5 mL deuterated methanol for recording H spectra The AGH activity was assayed using 0.1M1

and C spectra. Chemical shifts and coupling constants13

were expressed in ä and Hz respectively.

Antioxidant Activity: The scavenging activity of
anthocyanins against DPPH radicals was assessed
according to the method of Larrauri et al. 1998 [7] with
some modifications. Briefly, 0.1 ml of various
concentrations of anthocyanin was mixed with 2.9 ml of
0.1 mM DPPH methanol solution. After the solution was
incubated for 30 min at 25°C in dark, the decrease in the
absorbance at 517 nm was measured. Control contained
methanol instead of the antioxidant solution while blanks
contained methanol instead of DPPH solution. In the
experiment, L-ascorbic acid and BHT were used as
positive controls. The inhibition of DPPH radicals by the
samples was calculated according to the following
equation: DPPH-scavenging activity (%) = [1 -
(absorbance of sample – absorbance of
blank)/absorbance of control] X 100.

Determination of Reducing Power: The reducing power
was determined according to the method of  Oyaizu  [8].
A 0.25 ml aliquot of various concentrations of
anthocyanins was mixed with 2.5 ml of 200 mM sodium
phosphate buffer (pH 6.6) and 2.5 ml of 1 % potassium
ferricyanide. The mixture was then incubated at 50°C for
20 min. After 2.5 ml of 10 % trichloroacetic acid (w/v) were
added, the mixture was centrifuged at 650g for 10 min. A
5 ml aliquot of the upper layer was mixed with 5 ml of
distilled water and 1 ml of 0.1% ferric chloride and the
absorbance at 700 nm was measured. A higher
absorbance indicated a higher reducing power.

In-vitro Inhibitory Activity: - Amylase inhibition assay
and Baker’s yeast -Glucosidase assay (AGH) were
carried as per Kwon et al. 2006 [9]. The anthocyanin
extract of 500 µl and 500 µl of 0.02 M sodium phosphate
buffer (pH 6.9 with 0.006 M sodium chloride) containing
porcine pancreas  -amylase solution (0.5 mg/ml) were
incubated at 25°C for 10 min. After pre-incubation, 500 µl
of a 1% starch solution in 0.02 M sodium phosphate
buffer (pH 6.9 with 0.006 M sodium chloride) was added
to each tube at 5 s intervals. The reaction mixtures were
then incubated at 25°C for 10 min. The reaction was
stopped with 1.0 ml of dinitrosalicylic acid. The test tubes
were then incubated in a boiling water bath for 5 min and
cooled to room temperature. The reaction mixture was
then diluted after adding 10 ml distilled water and
absorbance was measured at 540 nm, % Inhibition= {A

 – A /A }/ X 100.Control 517 Extract 517 Control 517

phosphate buffer (pH 6.9) with 1 mM p-nitrophenyl- -D
glucopyranoside (PNP-G) as substrate. A volume of 50 µl
of sample solution and 100 µl of 0.1 M phosphate buffer
(pH  6.9) containing -glucosidase solution (1.0 U/ml)
were incubated in 96 well plates at 25 °C for 10 min. After
pre-incubation, 50 µl of 5 mM p-nitrophenyl- -D-
glucopyranoside solution in 0.1 M phosphate buffer (pH
6.9) was added to each well at 5 s intervals. The reaction
mixtures were incubated at 25°C for 5 min. Absorbance
readings before and after incubation, were recorded at 405
nm by micro-array reader (Thermomax) and compared to
a control which had 50 µl of buffer solution in place of the
extract. The -glucosidase inhibitory activity was
expressed as inhibition % and was calculated as follows:
% Inhibition = {A  – A /A }/ X 100}.Control 540 Extract 540 Control 540

IC values were determined from plots of concentration50

vs  percent  inhibition   curves   using   a   Sigma  Plot.
The experiment for -glucosidase inhibition was assayed
in duplicate, 3 assays per test activity. The results are
expressed as the mean.

Statistical Analysis: The data reported in all the tables
were average of triplicate observations. The data were
subjected to one-way analysis of variance (ANOVA)
using Minitab Statistical Software version 13 (Minitab
Inc., USA).

RESULTS AND DISCUSSION

Anthocyanins        and             their  identification:
The  processing  of plant  foods  results  in  the
production of by-products that are rich sources of
bioactive compounds, including phenolic compounds
[10].   The  anthocyanin   from   coffee   pulp  yielded
24±2.0  mg  of   monomeric    anthocyanins   / 100 g of
fresh pulp on a dry weight basis. The Polymeric
anthocyanins  color  (%)  of  the   coffee   pulp  was
23±5.0.  Polyphenols,  including flavonoids, phenolic
acids and proanthocyanidins are a large and
heterogeneous group of phytochemicals in plant-based
foods, such as tea, coffee, wine, cocoa, cereal  grains,
soy,  fruits  and berries. The coffee pulp had 4.55±0.15 of
polyphenols  (mg  GAE g ). The peels of other fruits1

have also been found to contain higher amounts of
phenolics than the edible fleshy parts. For instance, peels
from apples, peaches and pears were found to contain
twice the amount  of  total  phenolics  as  found  in  the
peeled fruits [11].
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Fig. 1(a): HPLC profile of the Anthocyanin from coffee pulp, (b) Purified extract of acid hydrolyzed anthocyanin of
coffee pulp

Fig. 2: Electrospray mass spectrum of (a) crude pulp (b) major fraction of HPLC with ion peak m/z (595) (C) minor fraction
of HPLC (449)

The HPLC chromatograms of coffee pulp extract coffee husks extracts revealed that the anthocyanins were
showed the presence of two peaks with the concentration not acylated with organic acids, Retention times and
of 12 % and 89 % of the total peak area at 520 nm with spectra for both detected peaks remained unaltered after
retention times of 13.8 and 15.89 minutes  respectively. alkaline hydrolysis. After purification, the structure of this
The  major fraction showed a sharp peak with a high compound was confirmed by 'H NMR, C-NMR and mass
purity (Fig. 1a). Individual anthocyanins from coffee pulp spectrometry data.
were isolated by HPLC. Our results are supported Emille
et al. 2007 [12], to have identified coffee husk to have Mass Spectroscopy: The mass profile of m/z=594.66
cyanidin 3-rutinoside as a major anthocyanin by HPLC. showed that the molecular weight of the major
The acid hydrolysis of anthocyanins results in release of anthocyanin in coffee pulp was 595 (Fig. 2), which could
sugars and acylating groups to form aglycone, without be cyanidin-3-rutinoside, The LC-MS positive ion mode
affecting its structure. The coffee pulp anthocyanins after analysis of anthocyanin produced a parent ion of m/z
acid hydrolysis yielded a single peak with retention time 594.68 and a fragment ion at m/z 287, corresponding to
of 15.90 (Fig 1b). Likewise, the alkaline hydrolysis of the cyanidin.  The mass spectrum from purified anthocyanin

13
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Table 1: H Spectral Assignments for Cyanidin
Proton Chemical shift ( )
Cyanidin (Aglycon)
4 8.93 (1H, s)
6 6.81 (1H, d, J = 1.5 Hz)
8 6.96 (1H, d, J = 1.5 Hz)
2’ 8.07 (1H, d, J = 2 Hz)
5’ 7.06 (1H, d, J = 8. 5 Hz)
6’ 8.29 (1H, dd, J = 8. 5 & 2 Hz)

Table 2: C Spectral Assignments for Cyanidin  13

Cyanidin Carbons Chemical shifts ( )
2 171.52
3 135.66
4 130.23
5 171.22
6 117.51
7 175.96
8 100.44
9 151.79
10 118.04
1’ 130.05
2’ 125.12
3’ 149.00
4’ 149.39
5’ 118.77
6’ 125.21

Table 3: Properties of coffee anthocyanins
Coffee Anthocyanins Properties
Antioxidant activity (%). 85 ±5.0 
Reducing power (100 µg/ml) 4.70±0.5
AGH inhibitory activity IC 0.22 mg/mL50

-amylase inhibitory activity IC  0.43 mg/mL50

pigment showed ion peaks at m/z 287, 449 and 595 (Fig. 2).
The mass spectra of the two peaks collected from HPLC
coincided with cyanidin-3-rutinoside and cyanidin-3-
Glucoside, while ion peak 287 coincided with cyanidin.
This MS profile was similar to that of the cyanidin-3-
rutinoside standard and mass spectra data reported by
Tian et al. 2005 [13] for this compound based on the
chromatographic and LC-MS results.

NMR Spectroscopy: H NMR spectra of aglycone portion1

of compounds corresponding to peak 1 and 2 isolated by
acid hydrolysis of pigment followed by chromatography
exhibited signals characteristic of cyanidin aglycon
moiety (Table 1). The spectra showed a singlet at 8.93,
with doublets with J value of 1.5 Hz at 6.81 and 6.96
corresponding to protons 4, 6 and 8 respectively in the
flavone group. Two doublets at 8.07 and 7.06 were
observed with coupling constants of 2 and 8.5 Hz
corresponding to 2’ and 5’ aromatic protons respectively.

The 6’ aromatic proton appeared in the spectrum at 8.29 as
a double doublet with J values of 2 and 8.5 Hz.
Corresponding C spectra showed fifteen carbons for the13

cyanidin moiety as presented in Table 2. These data along
with the molecular masses of 449 and 595 indicate the
compounds to be cyanidin- -3-glucoside and cyanidin- -
3-rutinoside (Fig 3).

Antioxidant Activity: Cherries contain bioactive
anthocyanins that are reported to possess antioxidant,
anti-inflammatory, anticancer, antidiabetic and antiobese
properties. To our knowledge, this is the first time the
total antioxidant activity of coffee anthocyanins has been
measured. The anthocyanin of the coffee pulp on
investigation  exhibited high antioxidant  activity of
85±5.0 % at 100 ppm and 90±2.5% at 200 ppm respectively
on comparison   to    92%   with   BHA  as  a  standard.
The reducing power of coffee anthocyanins, ascorbic acid
and BHT at 100 µg/ ml was 4.70, 0.47 and 0.21,
respectively (Table 3). Anthocyanins exhibited a higher
reducing power than BHT and ascorbic acid.
Anthocyanins have reported to have strong electron-
donating capacity [14]. The recovered antioxidants from
coffee pulp showed good free radical scavenging
activities and hence could be used as a nutraceutical and
as a food supplement [15]. Also anthocyanins from
sources such as blueberries, strawberries, red wine and
sweet potato have shown to be potent antioxidants in
vitro, exhibiting greater antioxidant activity than either
vitamin C or vitamin E. The potent antioxidant activity of
anthocyanins is thought to play a major role in the
beneficial health effects, which include maintenance of
normal vascular permeability, vasoprotective and
antiinflammatory properties, protection against cancer and
prevention of neural decay during the aging process [16].
Thus, Coffee anthocyanins are a potential inexpensive
and readily available source of dietary antioxidants.

Fig. 3: Structures of anthocyanidins in coffee where R=
Glucose or R = Rutenose
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In-vitro Inhibitory Activity: Coffee anthocyanin extracts REFERENCES
on   investigation    have   resulted   to   possess  potent

-glucosidase   and -amylase   inhibitory  activities.
The anthocyanin extract was observed to have strongest Z. Siagi, 2001. Combustion of coffee Husks,

-glucosidase inhibitory activity with an IC  value of 0.2250

mg/mL (Table 3). The IC  value increased with increase in50

enzyme concentration. As that of the anthocyanin
extracts from various plants and cherry fruits have also
reported glucosidase inhibitory activity [5]. Coffee
anthocyanins inhibited -amylase action, indicating that
anthocyanins would have a potential function to
suppress the increase in postprandial glucose level from
starch. The IC  values of -amylase were 0.43 mg/mL.50

The -glucosidase and -amylase are well-known
enzymes in the management of hyperglycemia linked to
type 2-diabetes [17]. Investigations made suggest that the
by-products of plant food processing can be a source of
functional compounds with  potential  in-vitro  activity
[10, 18]. This is the first finding that anthocyanin extracts
from coffee pulp exert a potent in vitro AGH inhibitory
effect contributing to postprandial blood glucose (PBG)
suppression. Additional studies are needed on its toxicity
and clinical efficacy for potential application in the
prevention and treatment of diabetes mellitus.

CONCLUSIONS

Coffee pulp is an abundant agricultural by-product
that causes serious  environmental  pollution  problems.
It represents around 43% of the weight of the coffee fruit
on a fresh weight basis. They possess high levels of
antioxidant and bioactive compounds. This is the first
report on the coffee pulp anthocyanins containing
cyanadin-3-rutinoside as a major anthocyanin with
multiple biological effects in detail. The high content of
phenolic compounds, antioxidant activity, -glucosidase
inhibitor and -amylase of coffee fruit peels indicate that
they impart health benefits. Coffee pulp can therefore
become an inexpensive and readily available source of
natural colorants, dietary antioxidants and hence could be
used as a nutraceutical and a food supplement.
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