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Abstract

Spent coffee ground (SCG) produced in tons by restaurants and cafeterias and domestic
consumers is a potentially good source of natural antioxidants because it contains
substantial amounts of bioactive compounds. The purpose of this study was to identify

2020 the physicochemical and antioxidant properties of three different types of spent coffee
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exhibited the highest DPPH inhibition 41.63+0.04%), FTC (60.42+0.03%) and TBA
analysis (73.09+0.08%). The total phenolic compounds in the samples varied widely
ranging from 18.94+0.06 to 26.23+0.86 mg GAE/g sample, with Robusta SCG showing
the highest value among the three, while Arabica SCG depicted the highest amount total
flavonoid content (47.624+0.05 to 56.20+0.08). A strong correlation between antioxidant
activity and total phenolic content were observed in this study. Compared to Arabica and
Liberica SCGs expended, Robusta SCG demonstrated a stronger beneficial effect against
lipid peroxidation. This study reveals that SCGs can be regarded as a new useful source of
natural antioxidant with a view to increasing the use of antioxidant synthetics by using the
ingredient of agro-industrial residues in food production especially ingredients for

functional food.

1. Introduction

Coffee is one of the most popular beverages in the
world, grown mainly in tropical and subtropical regions
of Central and South America, Africa and South-East
Asia, in temperature between 600 and 2500 m above sea
level (Schenker et al., 2002). Coffee beans contain
several classes of chemicals related to health, such as
phenolic compounds, melanoidins, diterpenes, xanthines
and vitamin precursors, especially antioxidants (Al-
Dhabi et al., 2017). Coffee phenolics have attracted a lot
of interest in recent years thanks to their powerful
antioxidant and metal-chelating properties.

The coffee industry produces large quantities of
residues and by-products, both liquid and solid (Nabais
et al., 2008). One of the major residues of the coffee
industry is the solid by-product known as spent coffee
grounds (SCQG). The resulting SCG may be considered as
a source of potentially valuable bioactive compounds
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during the brewing process (Panusa et al., 2013). SCG is
the residue obtained during the treatment of raw coffee
powder with hot water or steam for instant coffee
preparation with fine particle size, high humidity
(ranging from 80 to 85%), organic load and acidity. In
addition, up to 50 per cent of the world's coffee supply is
processed for soluble coffee preparation (Ramalakshmi
et al., 2009). SCG is thus generated in large quantities,
with an annual generation of 6 million tons worldwide
(Tokimoto et al., 2005). Despite the large quantities that
have been produced, few studies focus on their use in
different and productive applications. Besides adding
value to these recycled items, finding alternative ways to
use them to reduce their environmental impact would be
useful. The antioxidant properties are one of the
beneficial factors that could be attributed by SCG.

Antioxidant is a material that protects living tissues
from damage caused by free radicals. Free radicals are
species formed during aerobic respiration due to the
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incomplete reduction of oxygen molecules and directly
related to various diseases, such as cancer,
cardiovascular, inflammatory and neurogenerative
diseases, associated with oxidative stress (Adam et al.,
2009). Plant extract showed different antioxidant
activities depending on the different extraction methods,
emphasizing the importance of choosing the correct
method of antioxidant extraction (Hayouni et al., 2007).
Classical or conventional extraction techniques are used
to extract bioactive components from multiple plant
materials on a small scale. Usually, these techniques are
based on the extraction efficiency of the various solvents
used for this purpose (Cowan, 1999). The major

challenges of conventional extraction are longer
extraction time, costly and high purity solvent
requirement, massive solvent evaporation, low

selectivity for extraction, and thermal decomposition of
thermolabile compounds (Ignat et al/., 2011). This
research was therefore aimed at evaluating the properties
of antioxidants and chemical compositions extracted in
the SCG using technique supported by ultrasonic
methanol as the possibility of using agro-industrial waste
as a high-end quality product.

2. Materials and methods

The coffee ground of three different types; Arabica,
Robusta and Liberica, were obtained from Kilang Kopi
FAMA Banting (Selangor, Malaysia) in July 2017. The
coffee brews were prepared as described by Bravo et al.
(2013) with some modifications. Coffee beans are
ground with a grinder for 1 min at 10 s intervals. The
brew was prepared using a French Press coffee maker
(Uppheta, India) with 40 g ground roasted coffee,
extracted from the plunger brewer by adding 500 mL of
water at 98°C. The coffee was brewed for 5 min before
the plunger was slowly pushed down. Then the SCGs
were collected, drained and stored at -18°C.

2.1 Ultrasonic-methanol assisted extraction

The extraction assisted by ultrasonic methanol was
performed with modification as mention by Zainol et al.
(2018). In addition to 100 mL of 60% v/v methanol, 10
mg of SCG were extracted in an ultrasonic bath (JEIO
Tech, Korea) at 50 kHz, 400 W at 40°C for 6 hrs. The
samples were collected, filtered and concentrated in a
rotary  evaporator (BUCHI Rotavapor R-215,
Switzerland). The samples then were stored in amber
bottles at -18°C.

2.2 Proximate analysis

Proximate analysis was conducted to determine the
percentage of moisture, ash, crude protein, crude fat, and
crude fibre, according to the Association of Official
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Analytical Chemists’ procedure (AOAC, 2005). The
carbohydrates were  determined by  difference
(Nitisewojo, 1995).

2.3 Identification of functional groups

The sampling technique used was transmission
(4000-450 wavenumber), 32 scans modified from Durga
Maha Lakshmi et al. (2014). The sample and KBr (FTIR
grade) were made into pallet in the ratio of 10 mg: 500
mg using the pallet maker. The pallet was inserted into a
holder within the FTIR and spectrum was obtained.

2.4 Determination of antioxidative properties
2.4.1 2,2-diphenyl-2-picrylhydrazyl
Radical Scavenging Assay

(DPPH)

The free radical scavenging activity of SCG extracts
was evaluated according to the method reported in
Gyamfi et al. (1999). Four mg of the extract in methanol,
yielding 4 mg/1 mL respectively in each reaction was
mixed with 3mL of 0.1 mM DPPH in methanol solution.
Methanol (1 mL) was used as control of the experiment.
After 60 mins of incubation at room temperature, the
reduction of the DPPH free radical was measured by
reading the absorbance at 517 nm.

2.4.2 Ferric thiocyanate (FTC) method

The standard method as described by Kikuzaki and
Nakatani (1993) and Zainol et al. (2003) was used with
slight modifications. A mixture of 4.0 mg extract in 4
mL absolute ethanol, 4.1 mL of 2.5% linolenic acid in
absolute ethanol, 8.0 mL of 0.05 M phosphate buffer (pH
7.0) and 3.9 mL of water were placed in a test tube and
then placed in the water bath shaker in the dark at 40°C
for 24 hrs. 0.1 mL of this solution was added with 9.7
mL of 75% ethanol and 0.1 mL of 30% ammonium
thiocyanate. Precisely 3 mins after adding 0.1 mL of 0.02
M ferrous chloride in 3.5 per cent HCI to the reaction
mixture, the absorption of red colour will be measured at
500 nm every 24 hrs until the day after the peak control
absorption has been reached.

2.4.3 Thiorbarbituric acid (TBA) method

The test was conducted according to the method of
Zainol et al. (2003). To 2.0 mL of the sample solution,
1.0 mL of 20% aqueous trichloroacetic acid (TCA) and
2.0 mL of 0.67% aqueous thiobarbituric acid (TBA)
solution were added. The final sample concentration
was 0.02% w/v. The mixture was placed in a boiling
water bath for 10 mins. After cooling to 25°C, it was
then centrifuged at 3000 rpm for 20 mins. The
absorbance of the supernatant was measured at 531 nm.
Antioxidant activity was recorded based on the
absorbance of the final day of the FTC assay.

© 2020 The Authors. Published by Rynnye Lyan Resources



Zainol et al. / Food Research 4 (3) (2020) 636 - 644

2.4.4 Determination of total phenolic content (TPC)

Total phenolic content in spent ground coffee was
determined by wusing the Folin-Ciocalteu reagent
according to the colourimetric method, with
modifications, as described by Ng et al. (2020).
Approximately 4 mL of extract was mixed with 2 mL of
sodium carbonate solution at 7.5% (w/v) and 7.5 mL of
10% Folin-Ciocalteu reagent. The mixtures were let to
stand at room temperature for 3 h and measured at 760
nm. The total phenolic content was expressed as
milligram gallic acid equivalent (GAE/100 mL) per dry
weight material.

2.4.5 Determination of total flavonoid content (TFC)

Flavonoid content was determined using the
colourimetric assay as described by Chang et al. (2002)
with some modifications. A volume of 4 mg of the
sample was added with 1.5 mL methanol, 0.1 mL of
aluminium chloride at 10% (w/v), 0.1 mL of potassium
acetate (1 M), and 2.8 mL of distilled water. The
absorbance of the mixtures was measured at 415 nm
against a blank of distilled water. The total flavonoid
content was expressed as quercetin equivalents (QE/100
mL).

2.5 Statistical analysis

The data was collected and analysed using one-way
variance (ANOVA) with multiple comparisons and the
significant difference (p<0.05) data were further
analysed using Fisher’s test at 95% confidence intervals.
The data were analysed using Minitab 14 software and
all data obtained were presented at mean + standard
deviation (Wasnin et al., 2012).

3. Results and discussion
3.1 Proximate analysis

Table 1 shows that Liberica SCG contained the
highest carbohydrates content which (8.91£0.02%),
compared to Robusta and Arabica which are 6.76+0.13%
and 6.22+0.04%, respectively. Meanwhile, for fat
content, Liberica SCG depicted the highest fat compared
to Arabica and Robusta SCGs. The analysis found a
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different value (p<0.05) between all three spent coffee,
where Liberica SCG displayed a percentage of
2.78+0.07% while Robusta SCG (1.67+0.03%) spent
coffee and Arabica SCG (1.38+0.03%) had a lower fat
content. These differences can also be due to the
conditions used for instant coffee preparation and the
variety of coffee beans used (Mussatto et al., 2011).
Protein content shows significance results (p<0.05)
between Arabica, Robusta and Liberica SCGs. Liberica
SCG was found to have the highest protein content with
7.20£0.01. Wasserman (1992), stated that the protein
content of Arabica and Robusta differs significantly,
even though the total amino acid composition is similar.
Arya and Rao (2007) stated that roasted coffee contains
on average 3.1% (w/w) protein. During the instant coffee
preparation process, many of the other grain components
are extracted and, as a result, the non-extracted
components are concentrated in the residual solid
material. Therefore, the protein content is higher in SCG
than in the coffee grains. It must be emphasized that as
the protein content in SCG was calculated from the total
nitrogen content of the samples, it may have been
overestimated due to the presence of other nitrogen-
containing substances such as caffeine, trigonelline, free
amines and amino acids (Delgado ef al., 2008).

3.2 Ildentification of functional groups

Typical FTIR spectra obtained for SCGs are shown
in Figure 1 (a, b, ¢). The SCG spectrums showed two
sharp bands that can be viewed in the 2800-3000 cm™
range have been reported for all three SCG samples, are
attributed to C—H stretching vibration. These bands have
been previously reported in spectra of roasted Arabica
and Robusta coffee samples (Kemsley et al., 1995) and
roasted coffee husks (Reis er al. 2013). Moreover,
studies of FTIR analysis from caffeinated beverages such
as tea, coffee, and soft drinks have reported peaks at this
same region (2,882 and 2,829 cmﬁl), which are related to
the asymmetric stretching of C—H bonds of methyl
(—CH3) group in the caffeine molecule (Paradkar and
Irudayaraj, 2002). Atmospheric CO, bands are present at
range between 2300-2200 cm’ (antisymmetric C=0
stretch), however, it was not detected in spent Arabica.
The band between 1,700 and 1,600 cm ' is highly

Table 1. Proximate analysis of different types of SCG extracted using Ultrasonic-methanol assisted technique

Proximate Analysis Arabica SCG Robusta SCG Liberica SCG
Moisture Content 66.51+0.53% 65.55+0.48% 61.83+0.08°
Ash 0.55+0.05° 0.64+0.02° 0.51+0.02%
Protein 5.15+0.21°¢ 6.55+0.07" 7.20+0.01°
Fat 1.38+0.03° 1.67+0.03° 2.79+0.07%
Fibre 19.82+0.22° 19.58+0.18" 19.13£0.16"
Carbohydrates 6.22+0.04° 6.76+0.13* 8.91+0.02°

Values represent mean + standard deviation. Mean with the same superscript letter are not significantly different (P<0.05)

between samples within rows in the table.
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Figure 1. Absorbance spectrums recorded of (a) Robusta SCG (b) Arabica SCG (c) Liberica SCG extracted using ultrasonic-

methanol assisted technique.

associated with chlorogenic acids and caffeine (Ribeiro
et al., 2010), which can be seen on all three SCG spectra.
However, it showed that Arabica SCG spectrum has
monosubstituted aromatic hydrocarbons at the same
range. The broad band between 1,063 and 702 cm'
results from the stretching vibration of C-O in C-O-H
bonds such as glycosidic bonds and are related to
galactomannans polysaccharide’ sugars (Figueir6 et al.,
2004). In the range 1000-1001 cm™ found that there is
aliphatic primary amines for each SCG sample
meanwhile the sharp peak at 1200-1500 cm™ range, it
was found that inorganic amines also at every sample.
The bands in the 700-1000 cm™ range for each spent
Arabica, Robusta and Liberica SCGs, which indicates
the presence of functional group belonging to inorganic
nitrates and aliphatic primary amines.

3.3 Antioxidant activities
3.3.1 DPPH radical scavenging assay

Figure 2(A), showed that Robusta (41.63%£0.06%)
shows the highest values for DPPH inhibition, and
followed by Arabica (32.85+£0.01%) and Liberica
(29.95+£0.04%). All three SCG extracts showed
significantly (p<0.05) lower DPPH radical scavenging
activity than the standards used, BHT, vitamin C and
vitamin E which have shown 90.26+0.01%,
92.78+0.04% and 92.57+0.03% of DPPH radical
scavenging activity, respectively. This analysis is in
agreement with findings by Murthy et al. (2012) which
obtained higher DPPH radical scavenging activity on
standards than the coffee samples, albeit in different
amount. This is probably due to the BHT, vitamin C and
vitamin E having the nature of being the established
antioxidants, thus having higher ability to donate
electron than the spent coffee samples. Plus, according to
the previous study, although C. liberica is less used
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commercially, the antioxidant effect of its green seeds is
comparable to that of C. arabica and C. robusta (Patay et
al., 2016).

3.3.2 Ferric thiocyanate (FTC) method

Figure 2(B) exhibits the results from FTC method of
different SCG extract on the 6™ day of incubation. The
results depicted that all samples, Arabica, Robusta,
Liberica SCGs exhibited slightly stronger antioxidant
activities (p<0.05) than that of ascorbic acid. However,
the SCG extracts samples were found to be significantly
lower percentage of inhibition (p<0.05) than that of
BHT. Robusta SCG extract showed the best lipid
peroxide inhibition followed by Arabica spent and
Robusta SCG extract being the lowest. This finding is in
agreement with the finding of Emami et al. (2013) who
found that the inhibition increases from ascorbic acid to
samples, and standard BHT having the highest
inhibition.

3.3.3 Thiobarbituric acid (TBA) method

Figure 2(C) shows that Robusta SCG exhibits
significantly higher (p<0.05) antioxidant activity
(73.09+0.08%) to that of Arabica SCG (51.34+0.30%)
and Liberica SCG (38.19+0.05%). It also showed that
BHT (90.9+0.26%) has a large significance difference
(p<0.05) compared to ascorbic acid (31.54+0.05%). As
FTC and TBA analysis are both determined the
antioxidant activity towards lipid peroxidation, when
comparing both results, it can be observed that spent
Robusta exhibited higher antioxidant activity than that of
Arabica and Robusta SCGs. Thus it can be assumed that
Robusta SCG has more effect against lipid oxidation
compared to the other two. Malik et al. (2017) reported
that the higher antioxidant activity found from the FTC

© 2020 The Authors. Published by Rynnye Lyan Resources
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Figure 2. (A) Antioxidant activities measured using DPPH method of different SCGs. (B) Antioxidant activities measured using
FTC method of different SCG extract on the 6th day of incubation period. (C) Antioxidant activities of different SCGs measured
using TBA method. Values are expressed as mean + standard deviation. Mean with the same letter (a, b, ¢) are not significantly

different (p<0.05) between samples within rows in the table.

method indicated that the amount of peroxide in the
initial stage of lipid peroxidation was greater than the
amount of peroxide in the secondary stage.

3.3.4 Total phenolic content

Figure 3(A) depicts that all of the SCG samples
contained an appreciable amount of phenolic
compounds. The data shows that total phenolic
compounds in the samples varied widely ranged from
18.94+0.06 to 26.23+0.86 mg GAE/g sample, with
Robusta being the highest value among the three. This is
consistent with the findings of Buddryn and Nebesny
(2008) and Ramalakshmi et al. (2009) that Robusta
coffee is usually of higher phenol content, be it coffee
beans in spent coffee. These values are also consistent
with those of the few published SCG studies (Bravo et
al., 2013). The high amount of total phenolic is
explained by Rabeta and An Nabil (2013) which
indicated that phenolic compounds are water-soluble
natural antioxidants, which are normally an aromatic ring
containing one or more hydroxyl substitutes, which are
abundant in plant-based materials. In addition, they are
higher than those found for some other agro-industrial
side products. Several compounds may contribute to the
amount of TPC in the plant extract, mainly phenolic
acid, flavonoids and anthocyanins (Naczk and Shahidi,
2004).
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3.3.5 Determination of total flavonoid content

Figure 3(B) shows that Arabica SCG exhibited the
highest TFC, followed by Robusta SCG and Liberica
SCG. Flavonoids are a large group of ubiquitous
molecules and possess antioxidant activities. SCG
extracts with high radical scavenging activity also
showed high flavonoid content. A similar phenomenon
wherein the case of DPPH radical scavenging with both
TPC and TFC, a non-significant correlation was found
(Ghasemi et al., 2009). It is known that only flavonoids
with a certain structure and, in particular, hydroxyl
position in the molecule can act as a donation proton and
show radical scavenging activity (Hou et al., 2003). It is
therefore assumed that the concentration of flavonoids
was not directly related to the antioxidant capacity of the
sample extract as not all flavonoids could exhibit
equivalent antioxidant strength. In addition, plant
extracts are very complex mixtures of many different
compounds with distinct activities (Mensor et al., 2001).

3.3.6 Correlations between antioxidant activity with
TPC and TFC

Figure 4 (a, b, c¢) show the correlation between
antioxidative activities and total phenolic compounds in
SCG. All data showed strong linear regression of
antioxidative activities and total phenolic content in
studied samples as indicated by high r* at ranging from
+0.79 to 0.98, suggesting that phenolic compounds are

© 2020 The Authors. Published by Rynnye Lyan Resources
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Figure 4. Regression of total phenolic content in SCG against antioxidant activity by (a) DPPH, (b) FTC, and (c) TBA, and
Regression of total flavonoid content against antioxidant activity in SCG by (d) DPPH, (e) FTC and (f) TBA

greatly contributing to the antioxidative activities of
SCG. A similar finding was reported by Zainol et al.
2003) who suggested that phenolic compounds are the
ones that responsible for the antioxidative activity of
Centella asiatica. Thus, the therapeutic properties of
SCG extracts may possibly be attributed to the phenolic
compounds present. Figure 4 (d, e, f) show the
correlation between antioxidative activities and total
flavonoid content in SCG. The data shows the weak but
positive correlation between antioxidative activities and
total flavonoid content with r’ ranging from +0.39 to
0.73, suggesting that TFC is not a very good contributor
to antioxidative activities in SCG especially by the
DPPH radical. This finding is in line with Abdel-Naim et
al. (2009) which observed that the degree of linear
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regression was slightly low in case of percentage DPPH
scavenging activity than the other analyses. According to
Chang et al. (2002), flavonoids with 3’-OH, 5’-OH and
ortho-dihyroxyl group at ring A and B (flavones,
flavanols) will complex well with aluminium chloride
while the others (flavanones and isoflavones) will react
well with 2,4- dinitrophenylhydrazine colourimetric
method. In addition, the weak correlations indicated that
antioxidant activity not only contributed by flavonoids
but there are possible synergistic or competitive
antioxidant action among the phenolics like S-carotene,
and anthocyanin (Imeh and Kokhar, 2002).

4. Conclusion

Ultrasonic-methanol assisted extraction, have shown

© 2020 The Authors. Published by Rynnye Lyan Resources
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a good capability to extract bioactive compounds from
SCGs producing extracts with superior antioxidant
capabilities to most of those reported earlier. This study
reveals SCG as a valuable new source of natural
antioxidants, with a view to reducing the use of synthetic
antioxidants by the use of agro-industrial residues in
food production especially ingredients for functional
food.
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