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Bu calsmada, az, orta ve koyu gibi glgik derecelerde farkli kavrulnguikahve cekirdekleriyle demlenen Turk
ve Filtre kahvelerindeki toplam antioksidan kapasitin (TAC) belirlenmesi icin dogumlu (CV), kare dalga
slyirma (SWSV) ve diferansiyel puls siyirma (DPSWltametrik yontemlerle kullanildi. Voltametrik
parametreleri, karbon pasta elektrotu (CPE) kulaak pH 4.0 Britton-Robinson tampon ¢ozeltisingtimize
edildi. Standart antioksidan maddeleri olarak gadisit ve kuersetin'in elektrokimyasal davgai€@PE (zerinde
optimum kaullar altinda CV, SWSV ve DPSV teknikleri ile inealdi. Her t¢ elektrokimyasal tekniklerle (CV,
SWSV, DPSV) gallik asit icin yakisk 350 mV ve 700 mV'ta olmak Uzere iki oksidasyaki gorilirken,
kuersetin icin ise 340 mV, 725 mV ve 1015 mV'lamisodik pikleri elde edildi. Bununla birlikte, kadav
orneklerindeki toplam antioksidan kapasitelerigdager gallik asit ve kuersetin cinsinden belirlemek i€PE
kullanilarak pH 4.0'da her iki maddeye ait yaka350 mV'de anodik pik akimlari tercih edildi. Aavrulmus
kahve cekirdekleriyle hazirlanan kahve drneklerintiksimum antioksidan kapasite (TAC) gostgirdulundu.
Az kavrulmu kahve cekirdekleri ile hazirlanan Turk kahvesni§iAC deseri, CV yontemi kullanilarak 17.868
+ 0.281 g/L ve 65.165 + 1.024 g/lsdeser gallik asit ve kersetin olarak hesaplandi. Agri€iltre kahvesi icin,
TAC degerleri sirasiyla 32.290 + 0.839 g/L ve 118.471 523. g/L olarak bulundu. Dahasi, tim kahve
orneklerindeki TAC dgerleri CV'nin yani sira DPSV ve SWSYV ile analizlddiSonug olarak, elektrokimyasal
yontemlerle, hizli, ucuz ve 6glémlere tabi tutuimadan goudan gida érneklerinde TAC analizi edilmektedir.
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Determination of Total Antioxidant Capacities in Turkish and
Filter Coffee Samples by Electrochemical Methods

ABSTRACT

In this study, cyclic (CV), square wave strippirf®/NSV) and differential pulse stripping voltammetfiaPSV)
methods were used to determine total antioxidaptacity (TAC) in Turkish and Filter coffees brewedttw
differently roasted coffee beans such as light,iomadand dark. Voltammetric parameters were optichizepH
4.0 Britton-Robinson buffer solution using carb@sie electrode (CPE). Electrochemical behaviomtifogacid
and quercetin as standard antioxidant substances imgestigated on CPE under optimum condition<Chy
SWSV and DPSV. With all three electrochemical téghes (CV, SWSV, DPSV), two oxidation peaks were
observed for gallic acid approximately at 350 m\d &®0 mV, while anodic peaks were obtained for ceign

at 340 mV, 725 mV and 1015 mV. However, anodic paakents at 350 mV for both substances were pesfer
using CPE to determine total antioxidant capacitiesoffee samples in terms of equivalent galliedaand
quercetin. It was found that coffee samples praphyelight roasted coffee beans showed maximunoxziaant
capacity (TAC). TAC values for Turkish coffee pregpé with less roasted coffee beans were calculaged
17.868+0.281 g/L and 65.165+1.024 g/L equivaleritigacid and quercetin using CV method. Also, TAC
values for filter coffee were 32.290+0.839 g/L aB.471+3.529 g/L, respectively. Moreover, TAC \&un
all coffee samples were also analyzed with DPSV&WEV as well as CV. As a result, TAC analysisagied
out directly on food samples with electrochemicetiods, fast, cheap and without pre-treatment.

Keywords- Coffee, Antioxidant, Electrochemistry, Voltammetry

383



I BSEU Fen Bilimleri Dergisi BSEU Journal of Science
I. 7(1), 382-393, 2020 DOI: 10.35193/bseufbd.736123

BILECIK SEYH EDEBALI

OMIVERSITESI e-ISSN2458-7575 (http://dergipark.gov.tr/bseufbd)

I. INTRODUCTION

Antioxidants can be described briefly as substartbe$ stop or negate the adverse effects and
formation of free radicals in the human body anodfo[1-2]. Oxidative stress caused by free radiadisersely
affects human health [3]. The oxidative stresssenously damage lipids, proteins, enzymes, carthatigs and
DNA. Furthermore, they cause random breaks in DMairts, damage to enzymes and structural proteins,
cancer, neurodegenerative and cardiovascular @isefgs5]. Therefore, antioxidants are one of thestmo
important food sources for healthcare individu&s/]. Both endogenous (natural) and exogenousfi¢éat)
origin antioxidants intake is of great importance fiuman health [8]. The endogen (natural) antiaxid are
produced by the organism, while exogenous antiongare herbal sources [9-10]. Antioxidant substartbat
only organisms can produce are not enough for humeafth. In addition, the human body needs plasebta
antioxidants [11]. For these reasons, antioxidaft-food materials and their consumption has bectiradasic
need for healthy individuals. Many natural beveggespecially fruits and vegetables, are knownatatain
antioxidant substances [12]. Coffee, a soft dratknes at the beginning of these beverages whicbaatains a
large amount antioxidant according due to thelm domponents [13-15].

Coffee, belonging to the Rubiaceae family and ef genus Coffea, was named after Kaffa, a city in
Ethiopia [16]. It is one of the oldest soft dringgebally. A near history of 1000 years, coffeeie of the most
consumed beverages in the world [17]. The mostiefit coffee growing places are tropical regionsl an
maximum coffee bean harvest is obtained in moidt@wol regions. Coffee, which is a very delicatd &agile
plant species, has now been identified as neafypldnt types in the main floor [17]. Coffee conamore than
1000 nutrients and flavors, mainly caffeine, cagabhtes, lipids, vitamins, nitrogenous compounds an
micronutrients [18-19]. Many studies are carrietl lpuscientists in coffees, which are quite rembl&an terms
of antioxidants [20-22]. Most of these studies apectrophotometric and chromatographic methods. The
antioxidants determinations in coffee samples Haeen carried out by oxygen radical absorbance dgpac
(ORACQ)[273], total radical-trapping antioxidant pareter (TRAP) [14], trolox equivalent antioxidarapacity
method (TEAC) [24], 2,2-diphenyl-1-picrilhydrazyDPPH) radical scavenging capacity method [25], eopp
(1) ion reduction based antioxidant capacity met{@UPRAC) [26], iron (ii) ion reducing antioxidapbwer
method (FRAP) [27] and Folin-Ciocalteu reactive EGnethod [28]. However, cheaper, faster, moreipeec
and reliable new methods are required for antiodida determinations due to
the use of many non-environmentally friendly sobgeilong pretreatment and expensive equipmenteapained
from these classical methods. While this is theeca&dectrochemical methods are successfully usetthan
determination of numerous drugs, pesticides, andomls and antioxidant substances [29-31]. Moreover,
considering important validation parameters suctinas, cost, precision and portable, electrochehmuethods
show great superiority. In addition, countless sensors have been constructed nowadays for mareyleeels
of antioxidant determinations in food samples [82-3

The antioxidant determinations in differently raabtoffee varieties with the electrochemical meshod
rarely used in antioxidant determinations were qrened for the first time with this study. In thioxk, the total
antioxidant capacities (TAC) of Turkish and Filwoffee samples brewed using roasted coffee beasts &
light, medium and dark were investigated voltamimetmethods on a carbon paste electrode (CPE).
Electrochemical behaviors of gallic acid and quincas references antioxidant agents were exploretbtail
cyclic (CV), square wave stripping (SWSV) and diffetial pulse stripping (DPSV) voltammetric methaods
pH 4.0 Britton-Robinson buffer solutions. TAC vaduim two coffee samples by prepared with threeedsffit
beans were calculated in terms of equivalent tdicgatid and quercetin by using CV, SWSV and DPSV
methods on CPE. Consequently, TAC values in coffamples were successfully analyzed using fast,
economical and environmentally friendly voltammetmiethods. Therefore, novel analytical methods lmaen
developed for antioxidant determinations in coff@enples and contribution of this manuscript willrhade to
the literature in terms of determination TAC infeaf sample.

384



I BSEU Fen Bilimleri Dergisi BSEU Journal of Science
I. 7(1), 382-393, 2020 DOI: 10.35193/bseufbd.736123

BILECIK SEYH EDEBALI

OMIVERSITESI e-ISSN2458-7575 (http://dergipark.gov.tr/bseufbd)

Il. EXPERIMENT
A. Apparatus

All data were collected by using Verf@ne (lvium) electrochemical analyzer combined vatkolid
electrode cell stand. This system consists of tleleetrodes such as reference (Ag/AgCl; BASi, MB20)
counter (platinum wire; BASi, MW-1032). and workimedectrodes (Carbon paste electrode (CPE); BASi MF-
2010). For the determination of antioxidant in eeff cyclic voltammetry (CV), differential pulse ipfring
voltammetry (DPSV) and square wave stripping voitetry (SWSV) methods were applied on CPE in pH 4.0
Brittion-Robinson (B-R) buffer solutions. Mettlepledo brand pH meter with an accuracy of + 0.05.

B. Reagents

Gallic acid and quercetin were obtained from Albslsigma at as analytical standard. The stock
solutions of gallic acid and quercetin were predaas a concentration of 500 mg/L by water and ethan
respectively. Britton Robinson buffer solution uged support electrolyte was prepared with aceticl aortho-
phosphoric and boric acid to be 0.04 M. To adjbst thuffer to pH 4.0, 2.0 M NaOH or 2.0 M HCI sotuts
were preferred. Distilled water was used in allggsses such as solution preparation and washing.

C. Preparation of working electrode

In the construction of carbon paste electrode (C&Epn indicator electrode, 70% graphite powder
(<150 um) by mass was treated with 30% mineralTdiese two mixtures were mixed until homogeneobe T
formed homogeneous carbon paste was placed in then3liameter area at BASi-MF 2010 electrode with a
syringe. Before using CPE, polishing was appliedhi® electrode surface with soft sandpaper. Finalfter
polishing, the electrode was washed with distiliater and dried at room temperature.

D. Process preparation of coffee samples

All coffee beans were obtained from the commercizffee producer company. Coffee beans were
roasted light, medium and dark at three differentgeratures. Filter and Turkish coffees are graacwbrding
to the brewing type. For Turkish coffee sample§, grams of finely weighed coffee beans ground fitie
powder were obtained by using the Arzum Okka mazhBrewed Turkish coffees were cooled at room
temperature and centrifuged for 5 minutes. Theeeolfeans used in making filter coffee were weigiredisely
as 7.0 grams as in Turkish coffee. Three typesltef toffee samples were obtained using SINBO SZH8
machine. The coffee samples were then cooled tm teonperature and centrifuged at 3000 rpm for Suteis
All coffee samples were stored at —20 ° C in tleeZer when not in use.

Il RESULTSAND DISCUSSION
A. Cyclic Voltammetry

Firstly, the electrochemical behavior of galliccheind quercetin at 2 mg/L was examined with a aarbo
paste electrode (CPE) in a pH 4.0 Britton-Robinbaffer solution. Cyclic voltammograms were obtairfed
these standard antioxidant compounds betw@&0 and +1400 mV at a scanning rate of 100 mV/gufei 1).
Gallic acid exhibited two anodic peaks at 360 md @27 mV by CV. For the quercetin, three oxidatimaks
were observed, 350 mV, 735 mV and 1025 mV on CPEHm™.0. In the cathodic scanning, no reductiorkpea
was obtained for both items. Therefore, it can &iel shat it has an irreversible electrode reacfmmboth
substances. In addition, predominant anodic pealewts of approximately 350 mV for both substanaese
taken as reference for the antioxidant determinatia coffee samples ((pH 4.0 BR buffer soluticzgrsrate =
100 mV/s, CPE).
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Figure 1. Cyclic voltammograms for the gallic acid and qetirc (pH 4.0 BR buffer solution, scan rate = 100/8)V

CV measurements for the Turkish and Filter coffemples brewed with different roasted beans were

taken under optimum conditions determined for gfee antioxidant substances on CPE in pH 4.0 BRebuf
solution (Figure 2).
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Figure 2. Cyclic voltammograms of Turkish and Filter Coffeemples prepared with different coffee beans (iHBR buffer solution, scan
rate = 100 mV/s, CPE)

According to the results of the CV, it has been tbdhat it contains the most antioxidant capacitpA€) in
Turkish and Filter coffees prepared with low rodsteffee beans (Table 1). For Turkish coffee, tA€Tin terms equivalent
of gallic acid and quercetin was as 17.868+0.281651165+1.024, respectively. These values faerfitbffee were found as
13.290+0.419 and 48.471+1.529. According to thehoetof roasting, there was a significant decreasthé amount of
antioxidants in both coffees prepared with mediuna dark coffee beans.

386



BSEU Journal of Science

I BSEU Fen Bilimleri Dergisi
DOI: 10.35193/bseufbd.736123

7(1), 382-393, 2020
1

BILECIK SEYH EDEBALI

OMIVERSITESI e-ISSN2458-7575 (http://dergipark.gov.tr/bseufbd)

Table 1.Total TAC values as equivalent gallic acid and getn by CV for Turkish and Filter coffee samples; 3.

Equivalent Equivalent
Gallic Acid (g/L) Quercetin (g/L)
Coffee Bean Brewing technique Brewing technique
Turkish coffee Filter coffee Turkish coffee Filter coffee
Light roasted 17.868+0.281 32.290+0.839 65.165+1.024 118.471+3.529
Medium roasted 0.997+0.019 8.880+0.226 3.635+0.071 32.389+0.824
Dark roasted 0.580+0.012 2.106+0.048

B. Square Wave Stripping Voltammetry

Square wave stripping voltammetry (SWSV) is the iegjuently used and highly sensitive, selective
and fast method among electrochemical methods & bsed in qualitative and quantitative analysimany
electro-active analytes. Optimal experimental ctods of SWSV, another analytical chemistry methddch
is more sensitive, selective and precision wererd@hed for the determination of gallic acid andegpetin
(Table 2).

Table 2. Optimum module parameters of SWSV technique obarapaste electrode (CPE)

Parameters Optimum Values
Pulse Amplitude AE) 50 mV
Frequencyf 100 Hz
Step PotentialAE;) 5mVv
Accumulation Potantial (f omv
Accumulation Time ¢ 30s

Support Electrolyte pH 4.0 Britton-Robinson buffer

Two oxidation peaks at 350 mV and 675 mV were olesifor 0.5 mg/L gallic acid on carbon paste
electrode (CPE) under experimental conditions ofSS\WFigure 3). For the quercetin, three anodic pea&re
obtained at 350 mV, 735 mV and 1020 mV in pH pH Briiton-Robinson buffer solutions on CPE. However,
since the density of anodic peaks at 675 mV fdi@atid and 735 mV and 1025 mV for quercetin ispew,
the peak currents at 350 mV were used when cailoglttie total antioxidant capacity (TAC) as equévdlgallic
acid and quercetin in coffee samples.

Table 3.Total TAC values as equivalent gallic acid and qagn by SWSV for Turkish and Filter coffee samples 3.

Equivalent Equivalent
Gallic Acid (g/L) Quercetin (g/L)
Coffee Bean Brewing technique Brewing technique
Turkish coffee Filter coffee Turkish coffee Filter coffee
Light roasted 40.143+1.143 92.869+2.613 19.580+0.558 45.298+1.274
Medium roasted 7.254+0.285 42.006+1.757 3.538+0.139 20.489+0.857
Dark roasted 1.519+0.019 14.072+0.446 0.741+0.009 6.864+0.218
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Figure 3. SWS voltammograms for the gallic acid and quenc@iPE, pH 4.0 BR buffer solution,* 30 s, E= 0 mV,AE = 50 mV,AE, =
5 mV vef =100 Hz)

SWS voltammograms of Turkish and Filter coffee sesmprewed with different roasted beans under
SWSV operating conditions for the standard antiaridcompounds as gallic acid and quercetin werentak
CPE in pH 4.0 BR buffer solution (Figure 4). Accimigl to the results of the SWSV, it has been fourat tt
contains the most antioxidant capacity (TAC) in Kisin and Filter coffees prepared with low roasteffez
beans (Table 3). For Turkish coffee, the TAC innterequivalent of gallic acid and quercetin was as
40.143+1.143 and 19.580+0.558, respectively. Thadees for filter coffee were found as 92.869+2.61Rl
45.298+1.274. According to the method of roastititere was a significant decrease in the amount of
antioxidants in both coffees prepared with mediurd dark coffee beans. In addition, while total exidant

capacity (TAC) cannot be determined by CV in Tunkeoffee prepared with dark roasted coffee beaAS; T
analysis was performed in same sample with the S\wigthod.
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Figure 4. SWS voltammograms for Turkish and Filter Coffempkes prepared with different coffee beans (CPE,30 s, =0 mV,AE =
50 mV,AE, = 5 mV vef = 100 Hz)
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C. Differential Pulse Stripping Voltammetry

Differential Pulse Stripping Voltammetry (DPSV)tlee most commonly has been used in qualitative and

quantitative analysis of many electro-active areysuch as antioxidant, drug, pesticide and heastalnetc.
Due to the fact that it is very sensitive and thest® current (noise) is very low, the DPSV techeiquakes it
possible to analyze even many trace materials rmt-fraolar level. For these reasons, the DPSV tedenis
attracted great interest from scientists. It wae o the first preferred techniques among eleceotbal
analysis methods. Here, optimal experimental canditof DPSV were initially assigned for the deteration
of Gallic acid and Quercetin on CPE in pH 4.0 buffelutions (Table 4).

Table 4.Optimum module parameters of DPSV technique obarapaste electrode (CPE)

Parameters

Optimum Values

Pulse Amplitude AE)
Pulse period (f

Scan rate

Step PotentialAE;)
Accumulation Potantial (£
Accumulation Time ¢)

Support Electrolyte

50 mV
10 ms
50 mV/s
5mVv
0mv

30s

pH 4.0 Britton-Robinson buffer

DPS voltammograms were collected using CPE in thegmce of 5 mg/L standard quercetin and gallic

acid under the optimal experimental conditions &3V (Figure 6). While for the gallic acid, two amo@eaks
at 320 mV and 665 mV were obtained, quercetin etddliree oxidation peaks at 320 mV, 705 mV and 985
on CPE in pH 4.0 Britton-Robinson buffer solutiortdowever, since the peak currents at 675 mV fticgacid
and 735 mV and 1025 mV for quercetin are very |8a.that peak currents for the both agent at 320waké
used when calculating the total antioxidant cagafifAC) as equivalent gallic acid and quercetinciffee

samples.
15
pA 10 PeakI
"‘CI:-.; | / \ Pealk II Peak I11
§ Quercetin (0.5 mg/L)
5_
Peak I
| Peak II
0 Galillic acid (0.5 m . .
o0 0e Potential Vv "0

Figure 5. DPS voltammograms for the gallic acid and quencgEiPE, pH 4.0 BR buffer solution,* 30 s, E= 0 mV,AE = 50 mV,AE, =

5 mV ve scan rate = 50 mV/s,#£10 ms)
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DPS voltammograms of Turkish and Filter coffee sesrewed with different roasted beans under
operating conditions for the standard antioxidarhpounds as gallic acid and quercetin were takeGPRRB in
pH 4.0 BR buffer solution (Figure 4). Accordingttee results of the DPSV for the coffee sampleai been
found that it contains the most antioxidant caga€¢itAC) in Turkish and Filter coffees prepared witdw
roasted coffee beans (Table 5). For Turkish coftee,TAC in terms equivalent of gallic acid and iqpedin was
as 30.711+0.976and 36.634+1.166, respectively. & watues for filter coffee were found as 58.99341ahd
70.373+1.816. According to the method of roastitfggre was a significant decrease in the amount of
antioxidants in both coffees prepared with mediurd dark coffee beans. In addition, while total exidant
capacity (TAC) cannot be determined by CV in Tunkeoffee prepared with dark roasted coffee beaAs; T
analysis was performed in same sample with the Digthod.

Table 5.Total TAC values as equivalent gallic acid and qetn by DPSV for Turkish and Filter coffee samples 3.

Equivalent
Gallic Acid (g/L)

Equivalent
Quercetin (g/L)

Coffee Bean Brewing technique Brewing technique
Turkish coffee Filter coffee Turkish coffee Filter coffee
Light roasted 30.711+0.976 58.993+1.14 36.634+1.166 70.373+1.816
Medium roasted 1.669+0.064 9.853+0.234 1.991+0.076 11.753+0.280
Dark roasted 0.676+0.018 5.879+0.099 0.807+0.021 7.013+0.118
50 50
Filter Coffee | Turkish Coffee
40_] -l'J_il
pA pA |
30_| 1 30
ag- & _~Dark roasted -
. @ g
= Medium roasted =3 ight roasted
O O | :
= Medium roasted -~
10_] : =
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0o 05 '_ B 0o P 10
Potential v Potential v

Figure 6. DPS voltammograms for Turkish and Filter Coffempkes prepared with different coffee beans (GRE30 s, =0 mV,AE =
50 mV,AE, =5 mV ve scan rate = 50 mV/s,£10 ms)

V. CONCLUSIONS

In the present study, electrochemical applicatisunsh as cyclic (CV), square wave stripping (SWSV)
and differential pulse striping (DPSV) voltammettéchniques for determination of total antioxidaapacity
(TAC) in Turkish and Filter coffee samples wererigal using carbon paste electrode (CPE). The tipgra
models of SWSV and DPSV were evaluated for théggatlid and quercetin as reference antioxidant tagen
pH 4.0 Britton-Robinson buffer solutions. The amopeak for the both agents at 350 mV was takeffiezerece
point for the analysis of TAC. TAC values were sgsfully calculated as equivalent gallic acid andrgetin in
Turkish and Filter coffee samples prepared witlfiedént beans such as light, medium and dark byguainthe
recommended electrochemical methods (CV, SWSV aR8\). The maximum antioxidant capacity in coffee
samples was found by prepared the light roastedsbfea the two coffee types. Consequently, eletkeaucal
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methods such as CV, SWSV and DPSV can be alteenédivevaluate TAC in food samples to conventional
analytical methods due to they are fast, reliafioléy validated and without any pretreatment.
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