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Abstract l
Recent research generally seems to support the idea that high polar
solvents are the only ones capable of extracting substantial levels of

polyphenolic content and antioxidant value. Thus, the current study Article History
investigated the impact of polarity of the solvent influencing the final Received: 09 May 2024
extraction yield, the concentration of phytochemicals, and the antioxidant Accepted: 22 February
activity of green coffee beans (GCB). Solvents used for extraction 2025

were n-Hexane, Dichloromethane (DCM) Chloroform, Acetone,
Methanol, Ethanol, Dimethyl-sulphoxide (DMSO) and Aqueous. The Keywords

- . Antioxidant Activity;

findings demonstrated that the evaluated solvents were crucial to Green Coffee Bean:

the extraction of the antioxidant capacity and overall phytochemical Polarity Index;

content. Solvents with polarity index 4.1 to 5.2 were found optimal go:yphtenolic Content;
olvents.

for total extractable solids, total polyphenolic content, total flavonoid
content. A positive correlation was quantified between polarity of the
solvent and DPPH radical scavenging assay (r> = 0.62), ABTS radical
scavenging assay (r?> = 0.81) and ferric reducing antioxidant power
(r> = 0.65). A negative correlation was found between the polarity of
solvent and total flavonoid content (r> = -0.35) and total polyphenolic
content (r> = -0.06). The finding of this study indicates that medium
polar solvent such as acetone, methanol and ethanol (polarity index
5.1, 5.12 and 5.2 respectively) were the best solvents for the extraction
of polyphenolic content and antioxidant capacity in GCB. The research
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extraction duration.

suggests future studies should consider variations of low, mid, and high
polar solvent types for antioxidant and polyphenolic content, considering
factors like plant material, phenols, methodology, temperature, and

Introduction

Coffee is a member of the Rubiaceae family,
comprising around 70 species. Two of these species
are internationally significant: arabica (Coffea
arabica) and robusta (Coffea canephora).' Robusta
originated mainly from lowlands of Central and West
Africa as well as South Asia primarily Vietnam,
whereas Arabica frequently hails from South
America (primarily from Brazil) and the upland and
mountainous regions of East Africa.? Coffee beans
are well known for their antioxidant properties.®*

Antioxidants, found naturally in many foods and
beverages. It aims to prevent cellular damage
triggered by free radicals, that is associated with
diseases including cancer and heart disease.®
Free radicals are reactive oxygen species that
circulate throughout the body and are produced as
byproducts of a variety of processes. Under normal
conditions, antioxidant systems remove them from
the body but when these normal mechanisms are
interrupted, radicals build in excess, contributing
to the development of oxidative stress.® Oxidative
stress occurs when the body experiences an
imbalance between free radicals’ production and
antioxidant defenses.”

Green Coffee Beans (GCB) are unroasted coffee
seeds from coffea plant. Carbohydrates (55.0—
65.5%), fats (10.0-18.0%), nitrogen containing
compounds (11.0-15.0%), purine alkaloids (0.8—
4.0%), chlorogenic acids (CGA) (6.7-9.2%), and
minerals (3.3-5.4%) make up the majority of the
content of GCB. Rich in bioactive substances with
antioxidant qualities, green coffee extract contains
trigonelline, diterpenes, caffeine, and CGA.2° The
key phenolic chemicals present in green coffee bean
extract are caffeic acid, caffeine, and CGA. These
compounds exhibit antioxidant, antimutagenic,
anticancer, and antimicrobial properties.'-1?

Green coffee beans contain more 5-O-caffeoylquinic
acid™ (5-CQA) than roasted coffee, often up to twice
depending on the roasting time. Caffeine suppresses

oxidative stress and strengthens the antioxidant
system. In human skin fibroblasts, caffeine inhibits
hydrogen peroxide-induced lipid peroxidation
products, and thus, inhibits tissue lipid peroxidation
and lowers Reactive Oxygen Species (ROS).2

Considering the respective concentrations, Robusta
has 2.2% of caffeine and 7.0-10.0% of chlorogenic
acid, while Arabica typically has 1.2% of caffeine
and 5.5-8.0% of chlorogenic acid.'*1®

Solvent extraction is a popular method for isolating
antioxidants. The solvent has a significant impact
on the yield, phenolic content, and antioxidant
activity of extracts, due to the varying antioxidant
potentials of compounds with different polarities.'®
The extraction and purification of phytochemicals
and antioxidants from plant material is influenced
by an array of factors, including temperature, time,
solvent concentration, and solvent polarity. Different
phytochemicals are extracted in solvents with
varying polarity based on their chemical composition,
as no particular solvent may be dependable enough
to recover all the phytochemical and antioxidant
substances present in the plant material.'”'8

It was found that using polar and non-polar
solvents in combination enhances the efficiency of
phytochemicals with high antioxidant content being
extracted from bean and other legume seeds."
In comparison to other extracts, it was discovered
in the investigation that T. garganica ethyl acetate
extracts showed potent antioxidant and radical
scavenging properties.”® Green coffee water and
ethanol extracts demonstrated potent antioxidant
characteristics as well as a significant capacity to
bring down transition metal ions."

Although the effect of solvent polarity on plant
secondary metabolites and antioxidant activity is a
known fact but it is different for each plant species.
The effect of solvent polarity on the secondary
metabolites and antioxidant activity of green coffee is
still a matter of curiosity. Green coffee has been the
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subject of previous research based on the influence
of polarity, but previous studies on the impact of
polarity on the antioxidant activity and polyphenolic
content of green coffee have not examined the
range of eight solvents, which ranges from low to
high polarity. Therefore, the purpose of this study
was to assess the manner in which extracting
solvents affected the entire polyphenolic content and
antioxidant capacity of the crude extracts obtained
from green coffee beans.

Material and Methods

Chemicals

Folin-Ciocalteu (Phenol Reagent), 2,2-diphenyl-
1-picrylhydrazyl (DPPH), 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS),
2,4,6-Tripyridyl-S-triazine (TPTZ), Sodium
Carbonate, Ferric chloride, Potassium per sulphate,
Sodium Nitrate, Sodium Hydroxide, Aluminium
Chloride were purchased from Sigma- Aldrich
Company, USA and Sisco Research Laboratories
Pvt. Ltd, India. Any other chemicals used were of
analytical grade.

Sampling
A mature and sundried green coffee bean (Coffea
robusta) was purchased in Kannur, Kerela, India.
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The hard seed coat and silver skin were scraped
away with a keen, clean blending knife. The material
was then processed with a kitchen milling machine
and passed through a 60-mesh filter to produce the
sample powder for analysis.

Extract Preparation and % Extraction Yield
Extract preparation was performed using conventional
dry method of extraction based on water bath, for
which 2 g sample was ground and dissolved in 20
mL of an appropriate solvent. Mixture was left on
vortex and the polyphenols were extracted for 1 h
at room temperature, then centrifuged at 6000rpm
for 5 min. Filtration was done using whatmann No.1
in a pre-constant beaker and placed on water bath
until the extract was evaporated to dryness.??? Final
weight of the beaker taken and the total extractable
components (TEC) were calculated using:'”

TEC % = Wt. of Dry Extract/ Wt. of Sample X 100

The residues obtained after extraction were then
dissolved in the respective solvent and used for
phytochemical and antioxidant analysis. The
solvents used for extraction were arranged in
Table 1, on the basis of their polarity from least to
most polar.

Table 1: Polarity of the organic solvents used for
extraction of Phenolic compounds?

S.No. Solvents Polarity Index
1 Hexane 0.0

2 Dichloromethane (DCM) 3.1

3 Chloroform (CHF) 41

4 Ethanol 5.2

5 Methanol 51

6 Acetone 51

7 Dimethylsulphoxide (DMSO) 7.2

8 Aqueous (Aq.) 10.2

Polyphenolic Content Analysis

Total Polyphenolic Content (TPC)

The TPC quantification was performed by using the
phenol reagent method.? At initial, 1mL of distilled
water was added with 20uL of prepared extract.
Into the reaction mixture, 100uL of phenol reagent
was incorporated and kept in incubator at 38°C for

3 minutes. 280 pL of 25% w/v sodium carbonate
solution and 600 pL of distilled water were introduced
to the mixture. Following one hour incubation at room
temperature in the dark, the absorbance was taken
at 765 nm using a UV-Visible Spectrophotometer
against a blank containing phenol reagent and
distilled water with no extract. The total phenolic
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amount was calculated as gallic acid equivalent
(GAE).

Total Flavonoid Content (TFC)

The TFC was calculated using the colorimetric
method with minor modifications in which 1mL of
prepared extract was added in 10 mL test tube
containing 4 mL of distilled water. In the same test
tube, 0.3 mL of 5% NaNO, and 10% AICI, (After 5
minutes) were added. Followed by 5 minutes of
incubation, 2 mL of 1 M NaOH was added, and
subsequently the total volume was made up to 10 mL
using distilled water. The absorbance was quantified
at 510 nm against a prepared reagent blank using a
UV-visible spectrophotometer.?®

Antioxidant Activity

DPPH Free Radical Scavenging Assay

In the beginning 100uL of extract was placed in
test tube. Hereafter, 150 uL of DPPH solution (2.5
mg DPPH in 100 ml of methanol) was added in the
same. Then, entire solution mixture was kept in dark
for 20 minutes after providing 3mL methanol. The
measurement of absorbance was performed at 515
nm.? A DPPH free radical scavenging activity was
calculated as follows:

Scavenging activity (%) = [(Acontrol- Asample) /
Acontrol] x 100

Where,

Acontrol = absorbance without extract
Asample = absorbance with the extract.

ABTS Free Radical Scavenging Assay

The ABTS assay was carried out employing the
technique described below. Distilled water was
used to prepare an ABTS diammonium salt solution
of 7.6 mM and a potassium persulfate solution of
2.5 mM. Each solution was kept in a dark room for
12 hours. After 30 minutes of incubation, the two
solutions were mixed and refrigerated for 24 hours
before being diluted in ethanol.?” Using a UV-Visible
spectrophotometer, the absorbance was calculated
at 670 nm in percentage using the given formula:

ABTS Scavenging activity (%) = [(Acontrol- Asample)
/Acontrol] x 100
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Acontrol = absorbance without extract
Asample = absorbance with the extract

Ferric Reducing Antioxidant Power (FRAP)

The FRAP Activity of the sample was evaluated
spectrophotometrically technique. The FRAP
reagent was made by combining 300 mM acetate
buffer, 10 mL 2,4,6-tris(2-pyridyl)-1,3,5-triazine
(TPTZ)in 40 mM HCI, and 20 mM FeCI3 in a 10:1:1
ratio at 37°. To produce the FRAP reagent, use a 1-5
mL variable micropipette (3.995 mL) to combine it
with 5 uL of diluted plant sample. After 30 minutes of
incubation at 37°C, the absorbance at 593 nm was
measured against a blank reagent (3.995 mL FRAP
reagent + 5 pL distilled water). The FRAP values
were calculated by comparing the absorbance
change in the test mixture to those obtained from
increasing Fe® concentrations and expressed as
mmol Fe Il eq/g.?®

Statistical Analysis

The statistics gathered were displayed as mean +
standard deviation. Using SPSS version 21.0, a one-
way analysis of variance (ANOVA) test and Duncan's
multiple range method were used to compare the
significant differences. The values of p <0.05 were
considered statistically significant. Using Rstudio
version 4.3.2, Pearson's correlation coefficients
(P <0.01) were also determined.

Results

Total Extractable Component (TEC)

The results entail that among the solvents, the
highest extracting yield was obtained in acetone
(3.9%), followed by methanol (3.5%), ethanol
(2.9%), CHF (2.7%), DCM (2.5 %), aqueous (2.4%),
hexane (1.5%) and DMSO (1.5%) shown in Table
2. The results show a substantial (p< 0.05) effect of
extracting solvent on extraction yield content, with
acetone, methanol and ethanol (polarity- 5.1 to 5.2)
being more effective to extract the greatest amount
of secondary metabolites also indicates abundance
of mid-polar bioactive compounds in green coffee
beans. Similar results were obtained in other
studies.?® Avery low correlation (r2= 0.138) has been
found between solvent polarity and TEC content
which simply means there is no effect or limited effect
of solvent polarity on the total extractable yield of the
GCB as shown in table 3.
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Table 2: TEC content of GCB
in different solvents

Solvent % TEC
Acetone 3.9
Methanol 3.5
Ethanol 2.9
CHF 2.7
DCM 2.5
Aq. 2.4
Hexane 1.5
DMSO 1.5

Total Polyphenolic Content (TPC) and Total
Flavonoid content (TFC)

TPC was found significantly high Figure 1 in methanol
(114.36mg/g) followed by hexane (60.73mg/g) CHF
(60.66mg/g) water (58.03)acetone (53.33 mg/g)
DCM (33.80mg/g) DMSO (27.50mg/g) and ethanol
(26.80mg/g). Similar result was also found in the
study of low-grade coffee beans." TFC content
was also significantly higher Figure 2 in methanol
(9.88mg/g) followed by acetone (8.17mg/g), hexane
(7.853 mg/g), CHF (4.66mg/g), aqueous (3.49mg/qg),
DCM (2.39mg/g), DMSO (1.59mg/g) and ethanol
(1.45mg/g). A negative correlation (Table 3) was
found between the polarity of solvent and total
flavonoid content (r2 = -0.35) and total polyphenolic
content (r2 = -0.06).

Total Antioxidant Activity

Table 4 shows that the values from various polarity
solvents were significantly different (p< 0.05) and the
highest DPPH scavenging activity (94.22+0.45%)
was attained by ethanol, followed by DCM, DMSO,
aqueous, methanol, acetone, CHF and hexane
(Figure 3). Thus, it is stated that ethanol is the most
suitable solvent (among all the other tested pure
solvents) for DPPH free radical activity of GCB. The
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Fig. 2: Shows the Total Flavonoid
Content (TFC) of GCB

range of the DPPH free radical scavenging activity
is 94.22+0.45 to 16.80+0.50%.

Table 3: Correlation coefficient (r?) of TEC, TPC, %Antiradical,
ABTS and FRAP versus Polarity of the solvent

%TEC TPC TFC % Antiradical % ABTS Scavenging FRAP
activity
Solvent Polarity 0.138 -0.06 -0.35 0.62 0.81 0.65

Correlation is significant at p <0.01
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It was again reported in Table 4 that ABTS activity
and FRAP activity of all the extracts was significantly
different (p <0.05). Among all the seven solvents,
ethanolic extract has the highest ABTS activity
(99.23 %) and aqueous extract has maximum FRAP
activity (0.13 mmol Fe ll/g) as shown in Figure
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4 & Figure 5 respectively. This indicates that the
aqueous is the most suitable solvent for the FRAP.
Additionally, on the basis of DPPH and ABTS activity,
ethanol was found to be the best suitable solvent for
the antioxidant activity of GCB.

Table 4: Total Polyphenolic Content and Antioxidant Activity
of GCB among the tested solvents

POLYPHENOLS ANTIOXIDANTS
Solvents TPC (mg TFC (mg % Antiradical % ABTS FRAP (mmol
GAE/g) QE/qg) Activity (%) (%) Fe ll/g)
Aqueous 58.03+0.25° 3.49+0.01¢ 88.53+0.54¢ 96.51+0.79° 0.13+0.0022
CHF 60.66+0.57° 4.66+0.05¢ 28.52+0.42¢ 2.34+0.55¢ 0.03+0.007¢
DCM 33.80+0.26¢ 2.3940.01f 93.70+0.21° 3.80+0.89 0.03+0.003¢
Acetone 53.33+1.52¢ 8.17+0.15° 65.78+0.062° 32.83+0.67¢ 0.07+0.005°
DMSO 27.50+0.55f 1.59+0.03¢ 89.88+0.11¢ 40.56+0.75¢ 0.03+0.006¢°
Hexane 60.73+0.64° 7.85+0.05° 16.80+0.50" 2.29+0.53¢ 0.03+0.001¢
Methanol 114.36+0.252 9.88+0.052 88.40+0.87" 44.24+0.99° 0.07+0.001°¢
Ethanol 26.80+0.65° 1.45+0.03¢ 94.22+0.45° 99.23+0.57° 0.11+0.002°

Mean values with the same letter in the same column (a, b, c, d, e, f, g, h) for a specific concentration
and extract type do not differ significantly at p < 0.05.

enBum % Anti Radcial Activity
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Fig. 3: Shows the DPPH scavenging
activity of GCB

Apositive very strong correlation (Table 3) was found
between the polarity of solvent and ABTS Activity
(r> = 0.81) and FRAP Activity (r?> = 0.65) whereas,

enllem ) ABTS
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Fig. 4: Shows the ABTS scavenging
activity of GCB

strong correlation (r>=0.62) was found between the
polarity of the solvent and DPPH scavenging activity.
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Discussion

Coffee is a functional food containing two most
biologically active compounds; CGA and caffeine,
responsible for flavor formation, possess massive
health effects with antioxidant properties.*® While
extracting such bioactive compounds from green
coffee beans, different solvents had shown a
considerable effect on the extractable solids yield.
The relationship between the solvent types and its
polarity, emerged as significant at p<0.05, showing
that the polarity of the solvent is an important
variable to consider in the estimation of TEC.3!32
The structure of a solute, including its phenolic
content, has a significant role in determining its
solubility in solvents.®®* Many studies found that
methanol, acetone and water are the better solvents
for higher yield and extractability.®*3® Despite Water
and DMSO being more polar, TEC content was lower
which signifies the presence of less highly polar
compounds in GCB.

Polyphenols are plant secondary metabolites,
essential for various physiological functions of
plants, and participate in defense mechanisms
against stress and stimuli.®® In GCB, Chlorogenic
acid (CGA) is the major phenolic compound
present, with redox properties that make them
excellent antioxidants and act as reducing agents,
singlet oxygen quenchers, and hydrogen donors.*”
Furthermore, studies render an inverse association
between polyphenolic-rich food intake and the risk of
chronic human diseases.® However, the differences
observed between the polyphenolic content in
different solvents were mainly related to their
different characteristics, such as polarity, and thus,
solubility, of individual compounds in the extraction
solvent.®® Eventually, it has been demonstrated
that alcohol, despite of having less polarity than
aqueous, dissolves cell walls and seeds more
effectively than water, resulting in more polyphenol
release from the cells.*® Methanol is the optimal
solvent for extracting polyphenol compounds due
to its ability to inhibit polyphenol oxidase reactions
and its ease of evaporation compared to water.*'
A study on polyphenolic content of GCB from
different region of Ethiopia reported total soluble
polyphenols in GCB ranges from 21.86 mgGAE/g
to 43.6 mgGAE/g, cell wall bound polyphenols
range from 8.6-15.3 mgGAE/g and flavonoid content
from 3.3-6.2 mgCE/g.*? content 90.95 mgGAE/g to
287.54 mgGAE/g in roasted and green coffee beans
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Fig. 5: Shows the Ferric Reducing
Antioxidant Power (FRAP) of GCB

of Thailand.*® Several findings revealed that the
aqueous extracts having the maximum antioxidant
activity effect because of its high polar nature,
followed by the methanol and acetone extracts.*s
However, a research work has also support that
DPPH radical scavenging activity was recorded
highest in ethanol extract of GCB.*" It is important
to note activity of coffee beans, can be influenced
by factors such as the degree of maturation, coffee
species, geographical origin, and the preparation
process.462

Conclusion

The polarity of solvent has a significant influence on
the extraction, polyphenols and antioxidant activities.
In this study, it was found that the total extraction
yield of acetone, methanol and ethanol (3.9>3.5>2.9)
were significantly different despite of having polarity
index almost similar (5.1<5.1<5.2). On the contrary,
methanol being less polar (5.1) compared to
aqueous (10) has the extensive polyphenolic content
(TPC-114.6> 58.03 mg GAE/g; TFC- 9.88>3.59 mg
QE/g respectively), implying that methanol is an
efficient solvent for polyphenol extraction. Similar
result was found as in case of DPPH free radical
scavenging activity and ABTS activity, found greatest
in ethanol (94.22% and 99.23% respectively) with
respect to high polar aqueous (88.53% and 96.51%
respectively). At the same time, FRAP activity was
highest in aqueous (0.13mmol Fe Il/g) followed by
ethanol (74.63% and 0.11mmol Fe Il/g respectively).
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This study reveals that medium polar solvent such
as acetone, methanol and ethanol were the best
solvents for the extraction of polyphenolic content
and antioxidant activity in GCB. The correlation
coefficient also indicates that polyphenolic content
and antioxidants are not just completely dependent
on solvent polarity.

Generally, the trend of recent studies tends to
believe that only high polar solvents can extract
high antioxidant value and polyphenolic content.
However, it is occasionally found that low polar
and mid polar solvents can also produce excellent
extraction outcomes in terms of antioxidant and
polyphenolic content. Consequently, this research
suggests that future investigations should give equal
emphasis to low polar, mid polar and high polar
solvent types because the value of the antioxidant
and polyphenolic content depends not only on
polarity but also on other factors such as plant
material, phenols present in sample, methodology,
temperature and time duration of extraction.
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