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Abstract: Coffee is one of the most popular non-alcoholic drinks consumed daily by millions of
individuals worldwide. It is characterized by varieties and processing, which cause changes in chemical
compositions and biological activities. This study aimed to evaluate the effects of roasting degrees
during the processing period (light, medium, and dark) on the total polyphenol contents (TPCs) in-
ground coffee products of arabica, robusta, and liberica and their trolox equivalent antioxidant
capacities (TEACs) through various chemical reaction mechanisms (DPPH, ABTS, FRAP, and
CUPRAC). The analytical methods were conducted based on spectrophotometric principle after the
microwave-assisted liquid extraction. The results of the TPCs followed the descending order of robusta
(34.3-48.23 mg GAE g*) > liberica (31.5-34.37 mg GAE ¢g*) > arabica (27.1-44.11 mg GAE g7).
Moreover, robusta coffee generally performed greater TEACs than liberica and arabica. Besides, the
TPCs and TEACs varied regarding different roasting degrees, in which the medium roasting mostly
exhibited the highest values due to the balance between the degradation of phenolic compounds and the
generation of new antioxidant compounds mainly from the Maillard reactions. Strong correlations
between TPCs and antioxidant capacities (R? > 0.6), indicating rich phenolic compounds played key
roles in TEAC:s of coffee.
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1. Introduction

Coffee has been known as among the most common non-alcoholic beverages
worldwide due to its attractive taste and health benefits for consumers. The coffee plants were
initially cultivated in an Ethiopian area (Kaffa) in Africa, then brought to Yemen, Arabia, and
Egypt. In these countries, coffee gradually developed and became a part of humans' daily lives
[1]. There are nearly 60 nations in both tropical and subtropical regions producing coffee on a
large scale. Moreover, in several countries, coffee has become the main export product [2].
When the coffee berries are ripe, they are collected, dried, roasted at various temperature ranges
to obtain the desired flavor, then ground and brewed to enjoy. The two most common species
of coffee berries are Coffea arabica (arabica) and Coffea canephora (robusta) [2, 3]. Coffee
brews coming from 100% arabica have higher sensory quality and most acceptable to
customers than robusta ones. Several publications indicated that robusta coffee performed
greater antioxidant capacities than arabica [4, 5].
https://biointerfaceresearch.com/ 4857
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The coffee plants have been introduced to Vietnam for a long time, then widely
cultivated since 1888. At present, the coffee exported from Vietnam has appeared in many
regions worldwide, such as North America, Western Europe, Eastern Europe to Australia,
South Asia, North Asia. Since 1975, the areas of coffee-tree plantations have continuously
increased from several to around 300 000 hectares until now with high productivity.
Vietnamese coffee possesses a certain potential and needs to be effectively exploited.
Therefore, specific solutions should be established to maximize the quality and value of coffee.
The chemical profile of coffee has been achieved great concerns due to the presence of various
bioactive compounds, listed as nicotinic acid, trigonelline, quinolinic acid, tannic acid,
pyrogallic acid, especially caffeine [6].

Moreover, coffee provides remarkable contents of phenolic acids belonging to the
hydroxycinnamic acid family, contributing to the total polyphenol contents and antioxidant
capacities [7]. However, these substances were varied regarding the differences in the
processing periods, especially the temperature changes during roasting. Wang et al. (2011)
showed that the phenolic contents in coffee products and their antioxidant capacities varied
with roasting degrees [8], in which natural phenolic compounds might be lost while other
antioxidants could be formed. The same observation was reported in various publications of
Asfaw et al. (2020) [9], del Castillo et al. (2002) [10], and Opitz et al. (2014) [11]. Moreover,
the study conducted by Delgado-Andrade and Morales (2005) showed that the antioxidant
capacities could be increased due to the reactions during the roasting processing, particularly
the Maillard reaction products [12].

Total antioxidant activity is very effective in acquiring, evaluating, and comparing
general data about the antioxidant activity of different foods and beverages. Particularly, when
food goes through the processing and preservation periods, the changes in the antioxidant
capacities could happen. However, the antioxidant activity results need to be specifically
analyzed and explained based on the chemical nature of the method used and the chemical
composition of the sample analyzed. It could be seen that the antioxidant effect should always
be investigated by different methods, either in vitro or in vivo. Based on the chemical nature of
the in vitro, the antioxidant activity determination method can be classified into single electron
transfer (SET), hydrogen atom transfer (HAT), and mixed mechanism. The methods of SET
group become the most popular based on free radical capture reaction, ferric ion reducing
antioxidant power (FRAP); 2,2-diphenyl-1-picrylhydrazyl radical (DPPHe) free radical
scavenging/neutralization; 2,2-azinobis 3-ethylbenzthiazoline-6-sulphonic acid (ABTS-") free
radical scavenging/neutralization; cupric-reducing antioxidant capacity (CUPRAC) [1, 2]. In
all of these methods mentioned, the antioxidant capacities depend on various parameters,
including temperature, nature of the substances, antioxidant concentrations, and the presence
of other compounds, etc. Coffee is an excellent source of antioxidants, especially the
polyphenol compounds, contributing to the neutralization of free radicals and reducing power.
Coffee is generally performed as a rich source of chlorogenic acids, among the strongest
antioxidants with positive effects on health. However, chlorogenic acids are thermally unstable
and exhibit various changes during the processing, typically the roasting.

Besides the geographical origins, the processing conditions affect the antioxidant
capacities of coffee products. To the best of our knowledge, very few studies have been done
on the assessment of antioxidants of coffee products in Vietnam. Therefore, this study aimed
to evaluate the analytical method performance for determining total polyphenol contents
(TPCs) and trolox equivalent antioxidant capacities (TEACs) by different chemical reaction
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mechanisms (DPPH, FRAP, ABTS, CUPRAC) in coffee matrices. Then, the analytical
methods were applied to assess the variations in TPCs, and TEACs of coffee products
belonging to different varieties and roasting degrees (light, medium, and dark). Moreover, the
correlation between TPCs and TEACs was also calculated to evaluate the contribution of TPCs
into TEAC:s for coffee products.

2. Materials and Methods

2.1. Materials.

Monohydrate gallic acid (GA, = 99% purity Merck, Germany) and 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (trolox, = 98% purity Merck, Germany) were used as
the standards for TPCs and antioxidant capacities, respectively. For TPCs, the working
standard solutions were 10.0, 20.0, 30.0, 40.0, 50.0, and 70.0 mg gallic acid equivalent (mg
GAE L), prepared from the stock GA solution of 1000 mg GAE L. For antioxidant
capacities, the stock trolox standard solution of 1000 pmol trolox equivalent (umol TE L)
was employed to prepare the standard working solutions of 100, 200, 300, 400, 500, 600, and
700 pmol TE L1, Other reagents and solvents such as sodium carbonate, 2 N Folin-Ciocalteu,
2,2'-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)
(ABTYS), 2,4,6-tris(2-pyridyl)-s-triazine, potassium persulfate, neocuprac, ethanol (EtOH), and
methanol (MeOH) were of analytical grade and bought from Merck (Germany). We noted that
deionized water (DIW, Millipore, USA) was used throughout all the experiments.

2.2. Sample collection and preparation of coffee extracts.

A total number of 13 ground coffee products belonging to three varieties of arabica,
robusta, and liberica with different roasting degrees (dark, medium, and light) were collected
from Lam Dong Province (the Central Highland of Vietnam). During the roasting, the green
coffee beans were heated at 200 to 240 °C for 10-15 minutes depending on the required degrees
of roasting, which was generally evaluated by color observation by the producers [9, 13].

Table 1. Sample information for the study.

No. Type of coffee Roasting mode Code

1 Light Arabica-Light-1

2 Medium Arabica-Medium-1
3 Arabica Arabica-Medium-2
4 Dark Arabica-Dark-1

5 Arabica-Dark-2

3 Medium Robusta-Medium-1
8 Robusta-Dark-1

9 Robusta Dark Robusta-Dark-2

10 Robusta-Dark-3

11 Robusta-Dark-4

12 L Liberica-Dark-1
13 Liberica Dark Liberica-Dark-2

The manufacturers thoroughly ground each kind of coffee bean product of various
roasting degrees and kept it in non-permeable polypropylene/aluminum/polyethylene bags,
which were hermetically sealed under a vacuum. These roasted ground and sealed coffee
products were stored at 25 °C until use. The specific information of collected coffee samples is
exhibited in Table 1.
https://biointerfaceresearch.com/ 4859
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During this study, we did not have the liberica coffee products of light and medium
roasting as well as the light-roasting robusta due to the limitation of experimental conditions.

The sample extraction procedure for determining TPCs and antioxidant capacities was
referenced from 1SO 14502-1 (2007) [14] with some modifications. Briefly, 0.2 (+£0.001) g of
ground coffee sample endured the ultrasound-assisted solid-liquid extraction at 70 °C using the
mixture of MeOH:DIW (7:3 = v/v) as the extraction solvent. The extraction was carried out in
duplicate within 20 minutes (i.e., 10.00 mL solvent and 10 minutes for each one). All obtained
extracts were collected and combined into a 50 mL volumetric flask, then made up to the
calibration mark by MeOH:DIW (7:3 = v/v). After that, the samples were filtered through 0.45
pm PTFE membranes, appropriately diluted by DIW before further colorimetric assays and
spectrophotometric measurement.

2.3. Colorimetric assays for determining TPCs and antioxidant capacities.

2.3.1. Total polyphenol contents (TPCs).

The extracts were performed a further 20-fold dilution prior to the colorimetric
procedure according to the Folin-Ciocalteu method as shown in ISO 14502-1 (2007) [14] with
some modifications to save the chemicals and reagents used. Shortly, 0.50 mL of the diluted
extract was taken in a reaction tube, then 2.50 mL of 10% (v/v) Folin-Ciocalteau reagent was
added and shaken. The solution was let stand for around 3 to 8 minutes before adding 2.00 mL
of 7.5% w/v Na>COs. The mixture was shaken gently and allowed to react for approximately
60 minutes. The absorbance was measured at 765 nm on Shimadzu UV-1800 UV/Visible
Scanning Spectrophotometer (Japan). The TPCs in the coffee sample was performed as
milligrams of gallic acid equivalents per gram (mg GAE g~ dried weight or DW).

2.3.2. Antioxidant capacities (DPPH, ABTS, FRAP, and CUPRAC).

The antioxidant capacities were expressed as umol equivalent of trolox per gram (umol
TE g~ DW). In the present study, four chemical reaction mechanisms, including DPPH, ABTS,
FRAP, and CUPRAC assays, were employed to assess the trolox equivalent antioxidant
capacities (TEACs) among different ground coffee products. Before proceeding to the
colorimetric procedures, the extracts were diluted further two times (DPPH, ABTS, and FRAP)
and four times (CUPRAC).

The implementation of DPPH was referenced from Brand-Williams and Sanchez-
Mareno [15, 16]. Briefly, 100 pL of the diluted sample was reacted with 3900 pL of working
DPPHSsolution (i.e., diluting the commercial DPPH solution in methanol to attain an absorbance
of about 0.98+0.02 at 517 nm), and the mixture was let stand for 30 minutes in a dark reaction
tube. The reducing ability of antioxidants towards DPPH could be determined by decreasing
its absorbance at 515-528 nm, in this case, measured at 517 nm.

For ABTS, the assay was conducted based on the method, which referenced from Marc
[17]. The radical cation (ABTS"s) was generated through the reaction between aqueous stock
solutions of ABTS and KS,0s to reach the final concentrations of 7.0 mmol L ! and 2.45 mmol
L1, respectively, within the time period from 12 to 16 h in the dark (avoiding direct light) at
the room temperature. Prior to use, the ABTS" stock solution was diluted by the acetate buffer
solution (pH = 4.5, 0.3 mol L™?) to obtain an absorbance of 0.74 + 0.03 at 734 nm. A diluted
coffee sample volume of 200 pL was mixed with 4000 pL ABTS reagent. The mixture was
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shaken gently and protected from direct light for 7 minutes. The absorbance was measured at
the wavelength of 734 nm.

The FRAP and CUPRAC assays were employed to evaluate the reducing ability of
coffee samples referenced from Pellegrini and Apak [18, 19], respectively, with some minor
modifications. For FRAP, 100 uL of the diluted sample solution was reacted with 3900 pL of
working FRAP solution (i.e., a mixture of 300 mmol L sodium acetate-acetic acid buffer, 10
mmol Lt TPTZ solution, and 20 mmol L ferric chloride solution at a volume ratio of 10:1:1).
The mixture was let stand for 15 minutes before measuring at 593 nm. For CUPRAC, 4.00 mL
of the diluted coffee sample was mixed with 1.00 mL of 102 mol L™ CuCl,, 1.00 mL of
7.5%107® mol L neocuproine in EtOH, and 1.00 mL ammonium acetate buffer (19.27 g
ammonium acetate dissolved in 250 mL DIW, pH = 7.0). After 1 hour of incubation, the
absorbance measurement was carried out at the wavelength of 450 nm.

2.4. Analytical method validation and application.

All methods for determining TPCs and antioxidant capacities in coffee products were
validated according to the instructions and requirements performed in Appendix F. AOAC
(2016). The calibration curves were established based on the linear relationship (y = ax + b)
between the concentrations (mg GAE L for TPCs and umol TE L for antioxidant capacities)
and their absorbance values for quantification purposes. The limit of detection (LOD) was
calculated as the concentration of analyte equals to threefold standard deviation of the blank
absorbance divided by the calibration curve’s slope value (3SDuiank/a), and the limit of
quantification (LOQ) was calculated as 10SDyiank/a [20]. The repeatability and reproducibility
were assessed through the calculation of relative standard deviations for six replicates (n = 6)
within one day (RSDy) and three separate days (RSDRr) at a significant level of 0.05. The method
accuracy was evaluated from the recovery of spiked coffee samples.

The proposed analytical methods were applied for real coffee products to assess the
variations of TPCs and antioxidant capacities among different coffee varieties of various
roasting degrees. All the analytical data were carried out in triplicates (n = 3) and analyzed by
Microsoft Office Excel 2016, then expressed as mean value + standard deviation (SD). The
linear regression analysis was performed for potential correlation assessment among
measurements (TPCs and antioxidant capacities).

3. Results and Discussion

3.1. Analytical method performance for determining TPCs and antioxidant capacities in coffee.

The analytical methods for determining TPCs, DPPH, ABTS, FRAP, and CUPRAC
were evaluated according to Appendix F. AOAC (2016) [21] before application to real coffee
samples. The parameters are presented in Table 2.

Table 2. Parameters for analytical method validation.

Criteria LOD-LOQ Regression equation RSDr (%) RSDr (%) Recoveries (%)
TPCs 292-8.84 % O ey 00274 18 19 98.1-99.4
DPPH 23.21-70.23 ** é;zooogggé ~0.0068 18 1.8 97.5-100
ABTS 14.06-42.02 ¢ | Y7 00000~ 00097 18 18 98.3-99.8
FRAP 27.06-82.01 ** ye. :Obggslaé)z( +00113 14 15 97.8-101
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Criteria ‘ LOD-LOQ ‘ Regression equation ‘ RSDr (%) ‘ RSDr (%) ‘ Recoveries (%)
i o y =0.0020x — 0.0958 i
CUPRAC ‘ 30.12-91.27 ‘ R2 = 0.9999 15 1.6 98.1-99.8

(*) mg GAE Lt and (**) umol TE L™

The results in Table 2 indicated high squared correlation coefficient values of
calibration curves for all analytical criteria, 0.995 < R? < 1, revealing the goodness of linearity
evidence (Appendix F. AOAC 2016) [21]. Relative standard deviation values for both intra-
day (%RSDy) and inter-day (%0RSDR) were acceptable according to Appendix F. AOAC (2016)
[21], lower than 5.3 and 8% for %RSD; and %RSDr, respectively (analyte concentrations
below 0.1%). The obtained recoveries were always higher than 97% for all spiked samples,
acceptable within the concentration ranges of 90-107% (100 ppm-0.1%). The validated
analytical method could be applied for the analysis of TPCs and TEACs in coffee samples.

3.2. Variability in total polyphenol contents.

The total polyphenol contents in ground coffee products are shown in Figure 1, with
the highest and lowest values recorded in Robusta-Medium-1 (48.23 + 0.24 mg GAE g 1) and
Arabica-Dark-2 (27.1 + 2.4 mg GAE g 1), respectively.

Arabica-Dark-1
Arabica-Dark-2
Arabica-Medium-1
Arabica-Medium-2

Arabica-Light-1 [

Liberica-Dark-1
Liberica-Dark-2

Robusta-Dark-1

Robusta-Dark-2

Robusta-Dark-3

Robusta-Dark-4
Robusta-Medium-1 [ i i i ]

0 5 10 15 20 25 30 35 40 45 50
Total polyphenol contents (mg GAE g)

Figure 1. Total polyphenol contents in different coffee products.

Among three coffee types, the robusta presented their higher TPCs (34.3 + 2.3 t0 48.23
+ 0.24 mg GAE g?) compared to the liberica (31.5 + 1.7 to 34.37 + 0.95 mg GAE g}) and
arabica products (27.1 + 2.4 to 44.11 + 0.19 mg GAE g). The higher TPCs of robusta than
arabica were reported by Olechno et al. (2020) (0.534-7.112 vs. 0.504-6.832 mg GAE g 1) [22],
but lower than our values due to their extraction in 100% water (i.e., compared to our study,
the coffee was extracted in 70% methanol, leading to higher extraction percentage) and Perdani
et al. (2019) (5.24-35.67 vs. 3.86-33.21 mg GAE g1) [23]. Moreover, the roasting degrees
contributed to the changes in TPCs in the same coffee type [24]. Apparently, the arabica
exhibited the descending TPCs of light (44.11 + 0.19 mg GAE g 1), medium (30.0 + 1.8 to 40.5
+ 2.0 mg GAE g1), and dark (27.1 + 2.4 to 20.07 + 0.63 mg GAE g?) roasting degrees. A
similar trend could be observed for the robusta coffee products, which showed the higher TPCs
of medium (48.23 + 0.24 mg GAE g!) compared to dark (34.3 + 2.3t0 44.4 + 1.2 mg GAE g~
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1y roasting coffee products. The decrease in the concentrations of total polyphenol could be
explained because the polyphenolic compounds were considered highly active and
temperature-sensitive, so the roasting conditions at higher temperature led to the decomposition
these polyphenols [9, 25, 26].

3.3. Variability in antioxidant capacities.

We employed molecular absorption or UV-Vis spectrophotometry to determine the
antioxidant activities by various chemical reaction mechanisms, including (2,2-diphenyl-1-
picryl-hydrazyl-hydrate) (DPPH) and 2,2'-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid
(ABTYS) free radical scavenging assays; ferric reducing antioxidant power (FRAP) and cupric
ion reducing antioxidant capacity (CUPRAC). The results are exhibited in Figure 2.

Arabica-Dark-1

Arabica-Dark-2 DPPH Aﬂbf“"nark'l ABTS
Arabica-Dark-2
Arabica-Medium-1 Arabica-Medium-1
Arabica-Medium-2 Arabica-Medium-2
Arabica-Light-1 Arabica-Light 1 |
Liberica-Dark-1 Liberica-Dark-1
Liberica-Dark-2 |HEHS Liberica-Dark-2
Robusta-Dark-1 Robusta-Dark-1
Robusta-Dark-2 Robusta-Dark-2
Robusta-Dark-3 Robusta-Dark-3
Robusta-Dark-4 Robusta-Dark-4
Robusta-Medium-1 Robusta-Medium-1
0 100 200 300 400 500 0 100 200 300 400 500
Trolox concentrations (umol TE g1) Trolox concentrations (umol TE g1)
Arabica-Dark-1 FRAP Arabica-Dark-1 CUPRAC
Arabica-Dark-2 Arabica-Dark-2
Arabica-Medium-1 Arabica-Medium-1
Arabica-Medium-2 Arabica-Medium-2
Arabica-Light-1 [ ) Arabica-Light-] —————————]
Liberica-Dark-1 LibericaDark-1 |5
Liberica-Dark-2 Liberica-Dark-2 |
Robusta-Dark-1 Robusta-Dark-1
Robusta-Dark-2 Robusta-Dark-2
Robusta-Dark-3 Robusta-Dark-3
Robusta-Dark-4 Robusta-Dark-4
Robusta-Medium-1. Robusta-Medium-1
0 100 200 300 400 500 0 100 200 300 400 500
Trolox concentrations (nmol TE g1) Trolox concentrations (umol TE g1)

Figure 2. Antioxidant capacities of different coffee products.
3.3.1. DPPH and ABTS radical scavenging activity.

The scavenging activity of the diphenyl-2-picrylhydrazyl (DPPH) radicals was
considered among the initial steps to evaluate the antioxidant properties of ground coffee
products and other sample matrices based on different chemical reaction mechanisms [27-30].
The scavenging activity of DPPH free radical determines and evaluates the antioxidant
potential, which exhibits its effectiveness, prevention, interception, and repair mechanism
against injury in biological systems. The DPPH existing in oxidized form performs a deep
purple color in organic methanol solvent. When any compounds with antioxidant capacities
were added to a DPPH reagent solution, the antioxidants would donate their electron to DPPH.
This phenomenon reduces DPPH reagent happen, and in the reduced form, the DPPH color
transforms from deep violet to yellow [15, 31, 32] (Figure 3).
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N—N NO, — » N—N NO,

DPPH (oxidized)

Figure 3. Formation of DPPH-H (reduced) from DPPH (oxidized).

As in the situation of TPCs, the robusta coffee products performed their higher DPPH
values compared to the rest two types (246.7 + 3.6 vs. 176.4 + 1.4 t0 246.6 + 2.0 umol TE g %)
(Figure 2), with the highest and lowest recorded in Robusta-Medium-1 (296.7 £ 6.7 umol TE
g 1) and Arabica-Dark-1 (176.4 + 1.4 umol TE g1), respectively. As shown in Figure 2, the
roasting degrees affected the DPPH values, in which dark roasting levels showed the lowest
DPPH for both arabica (176.4-183.4 umol TE g) and robusta (246.8-282.9 umol TE g})
coffee products. Moreover, the arabica products performed larger variations between dark and
light modes than the robusta (variations of 69.4 vs. 49.9 umol TE g1) in spite of the lower
DPPH values of arabica than those of robusta.

In the ABTS free radical method, ABTS can be oxidized by potassium persulfate or
manganese dioxide. ABTS free radical absorbs in a wavelength of 743 nm (blue-green) due to
the loss of one electron on the nitrogen atom of ABTS [17]. In the presence of trolox or an
antioxidant capable of giving hydrogen, the nitrogen atoms quenched the hydrogen atom,
yielding the solution decolorization [30, 32] (Figure 4).

C>Hs C2Hs
NH4* N NH,* N
‘05 s N K.S;,03 038 s N
>:N/ _ §g4+ >:N/ T N
: 4 '?' 88:
C2Hs CzHs

Figure 4. Formation of stable ABTS radical from ABTS with potassium persulfate.

The differences in ABTS radical scavenging activities among coffee products are
shown in Figure 2, in which Robusta-Dark-3 and Arabica-Dark-1 exhibited their highest and
lowest values of 477.4 + 7.1 and 302.59 + 0.81 umol TE g, respectively. Similar to DPPH,
the ABTS antioxidant capacities followed the descending order of robusta, liberica, and
arabica. However, within one coffee type under different roasting degrees, the variations were
not as much as DPPH, and the trend was distinctive from DPPH and TPCs. For the arabica
products, the samples under medium roasting performed the highest ABTS antioxidant
capacities (398.9 + 3.8 and 428.26 + 0.93 pmol TE g for Arabica-Medium-2 and Arabica-
Medium-1, respectively), while the Robusta coffee products exhibited the highest ABTS values
in dark roasting (413.47 + 0.66 to 477.4 + 7.0 umol TE g 1) and smaller for medium roasting
(413.66 + 0.67 umol TE g2).

Comparing the results of antioxidant capacities derived from DPPH and ABTS, we
could observe the higher values of ABTS than those of DPPH (302.6-477.4 vs. 176.4-296.7
umol TE g1). The antioxidant capacities of phenolic compounds depended on the number of
hydroxyl groups in their chemical structure. Besides, the positions of —OH groups also
influenced the antioxidant activity, in which —OH groups on the positions of 3' -, 4' -, 5'- in B-
ring of flavonoids would raise the antioxidant capacities. The samples contained dominant
https://biointerfaceresearch.com/ 4864
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phenolic compounds with one hydroxyl group that performed lower antioxidant activity [33-
35]. The DPPH did not have the ability to react with the flavonoid compounds not containing
any hydroxyl groups in B-ring as well as with aromatic acids having only one OH-group;
whereas, the ABTS exhibited its low selectivity when reacting with H-atom donors because it
could have reactions with any hydroxylated aromatic chemical compounds independently on
their real antioxidant activities [36, 37].

3.3.2. Ferric and cupric reducing antioxidant power (FRAP and CUPRAC).

The FRAP method was based on the reduction reaction of Fe>*~TPTZ (2,4,6-tris(2-
pyridyl)-1,3,5-triazine) with antioxidant compounds forming Fe?*~TPTZ. The binding of Fe?*
to the ligands creates a deeply intense navy blue color. The absorbance at 593 nm could be
measured the examine the amount of iron reduced and correlated with the concentrations of
antioxidants [18, 38] (Figure 5).

/ /

\
. /
Fe(m) + antioxidants Fe(“)
- electron /
\

/ /
Fe3+ -TPTZ Fe2+ -TPTZ

Figure 5. Formation of (Fe?*~TPTZ) complex from Fe>*~TPTZ by antioxidants.

The reducing power of the coffee products was determined and evaluated through both
the FRAP and CUPRAC assays. The results of FRAP present in Figure 2 indicated the highest
for Robusta-Medium-1 (334.18 + 0.03 umol TE g) and the lowest for Arabica-Dark-1 (188.4
+ 4.2 umol TE g1). Within the same roasting (dark), the robusta products showed the higher
FRAP values than the liberica and arabica products (267.6 = 4.1 to 334.18 £ 0.03 umol TE g~
12329+ 1.41t0240.6 +2.8 umol TE g%, and 188.4 + 4.2 to 281.16 + 0.87 pmol TE g for
robusta, liberica, and arabica, respectively). However, unlike ABTS, medium and light roasting
degrees exhibited higher FRAP values than dark roasting for arabica and robusta coffee
products (Figure 2).

For the CUPRAC assay, the sample solution was mixed with CuCl., and neocuproine
(Nc) solutions, in which Cu(Il) was reduced to Cu(l) through the action of electron-donating
antioxidants [19, 30]. After the chemical reaction, the absorbance was measured at 450 nm
(Figure 6).
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Figure 6. Formation of Cu(Nc).* complex from Cu(Nc)2?* by antioxidants.
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The results of CUPRAC among different coffee products are shown in Figure 2 for
comparison. The arabica performed the higher CUPRAC than robusta, in which Arabica-
Medium-1 reached the highest (298.22 + 0.49 pmol TE g ). However, the variations among
the three types were not much, typically for robusta and liberica (222.4 + 2.6 vs. 255.4 + 3.5
umol TE g3).

For most situations, the robusta showed the higher TPCs and TEACs, except for
CUPRAC, compared to the rest two types of liberica and abrabica. The differences in their
internal compositions could explain the higher TPCs and TEACs of the robusta products than
the arabica. The coffee beans contain many chemical compounds with antioxidant capacities,
mostly belonging to the hydroxycinnamic acid antioxidants (caffeic, chlorogenic, coumaric,
ferulic, and sinapic acids) and others such as caffeine, nicotinic acid, trigonelline, cafestol, and
kahweol. Among these compounds, chlorogenic acid is considered to play the most important
role in the antioxidant capacities of coffee products. Then, chlorogenic acid varied remarkably
between arabica (4.0-8.4%) and robusta (7.0-14.4), contributing to the differences in their
antioxidant behavior [39, 40].

Within the one coffee type, the medium roasting condition usually performed the
highest TPCs and TEACSs, while in a few situations, light or dark roasting showed the bigger
TPCs and TEACS, but the variations between medium and light or dark modes were not much
(Figure 10). The processing period, particularly the roasting, created many complicated
chemical reactions that changed the coffee antioxidant capacities. During the processing
periods, the temperature could decompose or polymerize the highly active compounds with
high antioxidant capacities (e.g. phenolic acids). However, under the processing conditions rich
in carbohydrates and proteins with the water shortage, the Maillard reactions could happen,
forming several antioxidant compounds, mainly melanoidins [39-41].
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Figure 7. Correlation between TPCs and antioxidant capacities (DPPH, ABTS, FRAP, and CUPRAC).
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The melanoidins are among the main constituents of coffee brews (up to 25% dried
weight) and responsible for the antioxidant capacities [12, 42], leading to higher TPCs and
TEACs for a medium roasting degree due to the balance between the degradation of phenolic
compounds and the generation of new antioxidant compounds, in which the production of
melanoidins performed a remarkable effect on the antioxidant capacities of roasted coffee
products. The same observation was in agreement with the publications of del Castillo et al.
(2002) [10], Nicoli et al. (1997) [43], and Opitz et al. (2014) [11]. Therefore, it could be said
that during the roasting period of coffee beans, two major events affecting the antioxidant
capacities were the degradation of low-molecular-weight phenolic compounds and the
formation of Maillard reaction products (melanoidins) [40, 44, 45].

The correlations between analytical values of TPCs and antioxidant capacities,
including DPPH, ABTS, FRAP, and CUPRAC of available coffee products, were performed
in Figure 7.

As can be seen from Figure 7, there were strong correlations between total phenolic
contents and antioxidant capacities (TPCs vs. DPPH, R? = 0.8619, p < 0.001; TPCs vs. FRAP,
R? =0.8765, p < 0.001; TPCs vs. CUPRAC, R? = 0.6927, p < 0.001; and TPCs vs. ABTS, R?
= 0.6526, p < 0.001). Therefore, rich phenolic compounds played key roles in the potent
antioxidant activities regarding free radical scavenging and reducing abilities. Strong
correlation among these criteria were reported in various publications for coffee [4, 46, 47], tea
[48-50], Indian pulses and split pulses [51], Umbelliferae Salad Plants [52], and Maca [53].

4. Conclusions

This study demonstrated the variation among different coffee varieties for total
polyphenol contents and antioxidant capacities as determined by four chemical reaction
mechanisms (DPPH, ABTS, FRAP, and CUPRAC). The robusta coffee generally performed
higher TPCs and TEACs than those of liberica and arabica. Besides, these values were also
influenced by the roasting degrees during the processing period. The phenolic contents greatly
contributed to the antioxidant properties due to high correlations recorded between TPCs and
TEACs. The natural phenolic compounds present in coffee were partially destroyed or
degraded by the roasting process, while other antioxidant compounds (e.g., melanoidins) might
be formed, then it is possible to maintain or even increase the antioxidant activities. The
medium roasting degree usually performed the highest TEACs due to the balance between the
degradation of phenolic fraction and the formation of new antioxidants, mainly from the
Maillard reaction. However, as the roasting intensity increased, the greater destruction of
phenolics might not be compensated for by the formation of other compounds, leading to the
lower TEACs recorded from dark roasting than medium and light roasting degrees. However,
due to experiment time and conditions limitations, this study did not carry out roasting degrees
for liberica coffee. Therefore, more samples should be collected to better compare and assess
roasting influences on the TPCs and TEACs of different coffee varieties, also for correlation
assessment among obtained analytical criteria.
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