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Kata Pengantar

Assalamu’ alaikum Wr. Wb.

Syukur Alhamdulillah kami panjatkan ke hadirat Allah SWT yang melimpahkan nikmat dan
kesempatan sehingga Prosiding Seminar Nasional Kimia V 2011 ini dapat tersusun dengan baik.

Seminar Nasional Kimia V kali ini merupakan salah satu dari rangkaian acara untuk memperingati
Milad Program Studi Ilmu Kimia Fakultas Matematika dan Ilmu Pengetahuan Alam Universitas [slam
Indonesia Jogjakarta ke 15 dan turut memeriahkan International Year of Chemistry 2011. Bersama
dengan acara seminar ini, juga diselenggarakan Workshop Teknologi Minyak Atsiri dan Workshop
Sertifikasi ISO 17025 pada tanggal 4 dan 5 Juli 2011.

Sesuai dengan tema, Seminar Nasional Kimia V UII 2011 berharap melalui forum ini, dapat menjadi
momentum bersama bagi bangsa Indonesia untuk dapat mengangkat dan menggunakan potensi
bangsa secara mandiri baik sumber daya alam, manusia, maupun teknologi dan ilmu kimia, sehingga
tidak selalu tergantung kepada bangsa lain. Untuk itu perlu peran serta dan komitmen yang kuat dari
seluruh pihak khususnya para kimiawan yang aktif sebagai peneliti, dosen, guru, praktisi dan
pemerintah.

Seminar Nasional Kimia V UII 2011 dikelompokkan menjadi 6 bagian dengan total makalah
sebanyak 58, terdiri dari: ‘
a. Biokimia berjumlah 11 makalah
Kimia Anorganik berjumlah 6 makalah
Kimia Fisika berjumlah 11 makalah
Kimia Analitik berjumlah 8 makalah
Kimia Organik berjumlah 11 makalah
Kimia Pendidikan 11 makalah

e oo o

Mudah-mudahan forum ini dapat menjadi ajang bertukar fikiran antar kimiawan dari berbagai disiplin
dan bermanfaat untuk meningkat kemandirian bangsa Indonesia. Amin.

Wassalamu alaikum Wr, Wb,

Tim penyusun
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SAMBUTAN
KETUA PANITIA
SEMINAR NASIONAL KIMIA V UH 2011

Assalamu alaikum wr. Wh.

Puji syukur kehadirat Allah SWT yang telah melimpahkan karunia dan nikmat-Nya bagi kita semua.
Salam dan shalawat semoga senantiasa tercurahkan kepada junjungan dan panutan kita Rasulullah
Nabi Muhammad SAW beserta keluarga, sahabat dan umatnya hingga akhir zaman.
Terima kasih kami ucapkan kepada para pembicara di Seminar Nasinal Kimia V UII 2011 kali ini
yaitu:

1. Prof. Dr. Ir. Bambang Prasetyo (Deputi [ilmu Pengetahuan Hayati LIPT)

2.+ Drs. Sukro Muhab, M. Si. (Direktur PPIPTEK TMII Menristek)

3. Prof. Dr. Hamo DwiPranowo (Ketua HKI Cabang Jogjakarta)

4. Dr.IsFatimah (Dosen Kimia FMIPA Ul Jogjakarta)
Terima kasih juga kami sampaikan kepada seluruh pemakalah, dan peserta atas partisipasinya
mengikuti forum ini. Demikian pula kami ucapkan kepada seluruh panitia atas kerjasama yang baik.
Terima kasih selanjutnya kami ucapkan kepada seluruh sponsor kami:

1. Bank Muamalat

2. HarianKedaulatan Rakyat
3. Koran Merapi

4. Radio Unisi

5. Orizho

6. Djamoe Cookies

Suatu kebanggaan bagi kami dapat menyelenggarakan acara ini dengan mengundang para peneliti di
negeri ini, yang menghadirkan 58 pemakalah dari 25 perguruan tinggi dan 3 Lembaga Penelitian di
hampir seluruh wilayah Indonesia.

Seminar ini merupakan rangkaian acara dalam rangka memperingati Milad Prodi Ilmu Kimia
Universitas Islam Indopesia ke 15 dan untuk memeriahkan International Year of Chemistry 2011.
Sebelumnya kami juga telah menyelenggarakan 2 acara yang cukup menarik yaitu Workshop
Teknologi Minyak Atsiri, bidang yang menjadi kompetensi Prodi lmu Kimia UII untuk mengangkat
kearifan lokal khususnya di Daerah Istimewa Yogyakarta, dan untuk Indonesia pada umumnya. Selain
itu juga telah dilaksanakan Workshop Sertifikasi ISO/IEC 17025 yang merupakan bentuk pengabdian
kami untuk berbagi pengalaman sebagai penerima ISO 17025 pertama untuk perguruan tinggi swasta
di Indonesia. Mudah-mudahan kegiatan ini dapat memberikan semangat bagi bangsa ini untuk dapat
mengembangkan potensi alam dan sumber daya manusianya menuju kemandirian bangsa dalam arti
yang scbenarnya.

Salam Kimia.
Wassalamu alaikum wr. Wb.

Ketua Panitia

Tatang Shabur Juliante, M.Si.
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Prosiding Seminar Nasional Kimia V UII 2011

DESIGN AND APPLICATION OF GOLD METAL ELECTRODE (GME) FOR
ELECTROANALYSIS ASCORBIC ACID IN FRUIT SAMPLES

Riyanto*

* Chemistry Study Program, Faculty of Mathematic and Natural Science
Islamic University of Indonesia
JI Kaliuvrang KM 14.5 Yogyakarta 55584; e-mail:riyanto@fmipa.uii.ac.id

ABSTRACT

Design and application of gold metal electrode for electroanalysis ascorbic acid in fruit samples have
been done. GME electrode was prepared by cutting its metal foil into Icm x Icm size. Universal Pulsa
Dynamic EIS, Voltammetry, Voltalab potentiostat (Model PGZ 402) was used for the electrochemical
measurements while data acquisition was accomplished using the Voltamaster 4 software. Voltammetric
experiments were carried out in a three electrodes system using GME as a working electrode (anode), an
Ag/AgCl (saturated KCl) or SCE as reference electrode and platinum wire as the counter electrode. All
potentials given are with respect to the SCE reference electrode. The measurements were made in a
potential range of 0 mV to 1200 mV in relation to reference electrode using a scan rate of 100 mV/s. The
anodic peak currents for the electrochemical oxidation of ascorbic acid to dehydroascorbic acid were
recovded at 880 mV. Fruits found to have high levels of ascorbic acid include orange 61.56 mg/100g,
apple 42.51 mg/100g, mango 51.23 mg/100g, pine apple 53.33 mg/100g, and guava 50.44 mg/100g.

Keywords: gold metal electrode (GME), electroanalysis, ascorbic acid, fruit samples.

Introduction

Ascorbic acid (Vitamin C) is a strong reducing substance. The oxidation of Vitamin C
leads over a radical intermediate to dehydroascorbic acid, in vivo. The three forms mentioned
constitute a reversible redox-system. Ascorbic acid plays an important role in hydroxylation
reactions, i.e. in the synthesis of collagen. So it is rather important for the de novo synthesis of
bone, cartilage and tooth and for the healing of wounds. Vitamin C is needed for the production
of noradrenalin. Another important role of Vitamin C is that of an antioxidants, that means it
protects other substances from the oxidizing effects of oxygen. Ascorbic acid promotes the
resorption of iron in the intestine. It reduces the production of nitrosamines which might cause
cancer.

Ascorbic acid (vitamin C) is a water-soluble vitamin which can be found in many
biological systems and foodstuffs (fresh vegetables and fruits, namely, citrus). Ascorbic acid
plays an important role in collagen biosynthesis, iron absorption, and immune response
activation and is involved in wound healing and osteogenesis. It also acts as a powerful
antioxidant which fights against free-radical induced diseases.

The only way humans uptake ascorbic acid is via food (Englard and Seifter 1986), but
the daily needs of vitamin C for a human are not clear yet. Linus Pauling postulated that
people's needs for vitamins and other nutrients vary markedly and that to maintain good health,
many people need amounts of nutrients much greater than the recommended doses. According

to his suggestions, daily uptake of vitamin C has to be within units of grams of AA to reduce the
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incidence of colds and other diseases. These “huge” amounts of AA have not been ever proved
as the reason for large reducing of the incidence of illnesses. AA can be mostly found in fruits
and vegetables. The main sources of AA are citrus fruits, hips, strawberries, peppers, tomatoes,
cabbage, spinach and others (Davey et al. 2000). If one wants to uptake AA from animal
sources, liver and kidney are the tissues with highest contents of this molecule, but in
comparison with plant sources the amount of AA is very low (Deicher and Horl 2003). The
content of AA in food can be affected by many factors such as clime, method of harvest, storing
and processing. Thus, there is a need of analytical procedures able to not only monitor AA
content in agricultural and food products, but also in body liquids and tissues (Ogiri et al. 2002).
Authors also paid their attention at detection of AA in blood serum (Prasad et al. 2008; Karlsen
et al. 2007; Yao et al. 2007; Koide et al. 2006).

Numerous analytical techniques have been reported in the literature for the
determination of vitamin C in different matrices. These include titrimetric (Kleszczewska 2000),
fluorometric (Meister 1994), complexometric methods (Englard and Seifter 1986), liquid
chromatography (Levine 1999), high-performance liquid chromatography (Gomez-Romero
2007), spectrophotometric (Ogiri et al. 2002; Prasad et al. 2008), amperometric (Karlsen et al.
2007) and enzymatic (Yao et al. 2007). Most of these methods ‘overestimate the levels of
vitamin C in different matrices due to the presence of oxidizable species other than vitamin C.
The drawbacks in these methods have been reviewed previously (Koide et al. 2006). The
vitamin C levels in some tropical food samples have been reported by several investigators. The
methods commonly employed in these determinations were titrimetric (Cofan and Radovan
2008; Wang et al. 2008; Yogeswaran and Chen 2008) or spectrophotometric (Chen and Fang
2007). Although titrimetric methods are simple to use in the determination of vitamin C,
difficulties are encountered with commonly used titrants and interferences often occur with
coloured samples. Direct spectrophotometric determination of ascorbic acid in the UV region is
prone to matrix effect since many organic compounds in complex samples may also exhibit
ultraviolet absorbance. Thus there is a need to adopt a procedure that will accurately determine
the levels of vitamin C in tropical food samples. Electrochemical methods can be useful in the
determination of vitamin C levels in foods because ascorbic acid is casily oxidized to
dehydroascorbic acid. Electrochemical methods traditionally have found important applications
in sample analysis and in organic and inorganic synthesis. The electrode surface employed in
such determinations can be a powerful tool in such applications (Shaidarova et al. 2006).

Electrochemical detection is an attractive alternative method for detection of
electroactive species, because of its inherent advantages of simplicity, ease of miniaturization,
high sensitivity and relatively low cost. Electrochemical detection typically worked in

amperometric or coulometric mode can be coupled with liquid chromatography to provide high
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sensitivity to electroactive species. The more sensitive technique is further applied on analysis
of real samples (pharmaceutical preparation, oranges and apples fruits, and human blood
serum). In this investigation we report on the use of cyclic voltammetry in the determination of
ascorbic acid levels of fifty tropical fruit samples. This method is fast, sensitive, selective and

gives linear response at low concentration range.

Experiment
Preparation of solutions

All solutions were prepared by dissolving their analytical grade reagent (Merck) in
deionised distilled water. KNO; was used as the supporting electrolyte. Nitrogen was used to
deaerate the solutions and to keep an inert atmosphere over the reaction solution during the
oxidation process. Ascorbic acid solutions were prepared by dilution of absolute ascorbic acid
(BDH laboratory supplies) with deionised distilled water. 15 cny’ each of the standard ascorbic
acid solutions prepared in 1.0 M KNO; was transferred to the electrochemical cell and purged
with nitrogen for 10 minutes. The potential of each solution was scanned between 0 mV and
1200 mV using a scan rate of 100 mV/s to obtain the cyclic voltammogram. All measurements
were carried out at room temperature. The anodic peak currents for the electrochemical
oxidation of ascorbic acid were recorded at 880 mV. Calibration curves were prepared from
plots of the anodic peak currents against ascorbic acid concentrations with addition method. For
real sample measurements, the juice from each juicy fruit was squeezed out and filtered with
glass wool. Suitable aliquots (1-2 cm’) were immediately added to the 1.0 M KNO; in the cell to
make a final volume of 15cm’. The potential of the solution was scanned as described for the
standard ascorbic acid solutions. For the non-juicy fruits, a weighed amount (5-6 g) of the edible
portion of the fruit was minced and blended with 1.0 M KNO; for approximately one minute.
The homogenized sample was then filtered through a glass wool. 15 cm® of this solution was
transferred to the electrochemical cell, purged with nitrogen for 10 minutes before scanning the
potential between 0 mV and 1200 mV. The results of the anodic peak current obtained at 880
mV were used to extrapolate the concentration of the ascorbic acid in the sample. For the
voltammetric studies, SmM ascorbic acid stock solution was prepared by dissolving 0.088 g of
ascorbic acid in 100 cm’ of 1.0 M KNOs.

Preparation of a gold electrode
Solid metal foil (99.98% purity, Aldrich Chemical Company) was used to prepare solid
electrode. A 0.5 mm thick gold foil was cut into approximately 1 cm x 1 cm piece and

connected to silver wire with silver conducting paint prior covered with epoxy gum.
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Experimental procedure

Universal Pulsa Dynamic EIS, Voltammetry, Voltalab potentiostat (Model PGZ 402)
was used for electrochemical stability measurements, data acquisition was accomplished using
the Voltamaster 4 software. Cyclic voltammetry experiments were performed in a three
clectrodes system using solid electrode Au as a working electrode (anode), SCE as reference
clectrode and platinum wire as the counter electrode. All potentials given are with respect to the

SCE reference electrode.

Result and discussion
Cyclic voltammetry

The voltammograms of the 0.05 M ascorbic acid in 1.0 M KNO; are shown as in figure
1 and 2 with different scan rate. Figure 3 shown voltammogram 1.0 M KNO; (without ascorbic
acid), no anodic peak current was observed in the voltammogram. At figure 1 and 2, no cathodic
peak current was found indicating an irreversible heterogenous charge transfer in this system. At
figure 5, these results show that ascorbic acid concentration can be mcasured quantitatively by
cyclic voltammetry. The anodic peak currents at 880 mV were found to vary linearly with
ascorbic acid concentration. The voltammogram for the determination of ascorbic acid content
of orange is shown in figure 5. The anodic peak current was found to increase with the addition
of ascorbic acid thus confirming that the current obtained for the juice sample alone was that of

ascorbic acid.

Current density [mA/cm?]
[A)
L

T o) L] ] I T L} T . T

———
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Potential [ V]

Figure 1. Cyclic voltammograms for Au solid electrode in 1.0 M KNO; + 0.05 M ascorbic acid.
Anodic sweep from 0 mV to +1200 mV (vs. SCE). Scan rate 50 mVs™
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The oxidation peak for the oxidation of ascorbic acid to dehydroascorbic acid were represents
by anodic peak in Figure 1. Based on the cyclic voltammetry, the reaction mechanism for the

oxidation processes occurred on the Au based electrode surface were as follows:

OH aH OH OH [a]
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Figure 2. Cyclic voltammograms for Au solid electrode in 1.0 M KNOs + 0.05 M ascorbic acid.
Anodic sweep from 0 mV to +1200 mV (vs. SCE). Scan rate 100 mVs’'
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Current density [LA/cm?]

1,5

Potential V vs SCE

Figure 3. Cyclic voltammograms for Au solid electrode in 1.0 M KNO; (without ascorbic acid).
Anodic sweep from 0 mV to +1200 mV (vs. SCE). Scan rate 100 mVs”

Figure 3 shows the cyclic voltammogram using the Au electrode in 1.0 M KNO; (without
ascorbic acid). When 0.05 M ascorbic acid was added (Figure 1 and 2), a new peak was
observed, which represents the electrochemical oxidation of ascorbic acid peak (E, anodic).
Cyclic voltammogram of the electrochemical oxidation of ascorbic acid was found to be a
irreversible process. The cyclic voltammogram obtained in Figure 1 and 2 shows that Au
electrode is very stabile in sampel solution.
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Figure 4. Cyclic voltammograms for Au solid electrode in 1.0 M KNO; + 0.05 M ascorbic acid.
Anodic sweep from 0 mV to +1200 mV (vs. SCE). Scan rate 50, 100, 150 and 200 mVs'
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One of the ways to clanfy the oxidation arca can be done by changing the scan rate. The peak
current densities increased remarkably with increasing scan rates, but the ratio of the anodic to

cathodic peak current (I/1.) lies above unity (Figure 4).

Current density [mA/cm?]

E’ 0,5 1 1,5
Potential vs SCE

Figure 5. Cyclic voltammograms for Au solid electrode in 1.0 M KNO; + 0.05 M ascorbic acid.
Anodic sweep from 0 mV to +1200 mV (vs. SCE). Scan rate 100 mVs'

y=0,185x + 0,786 ®

Current density [mA/cm?]

0 T T ¥ H 1
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Figure 6. Application of the standard addition method for determination of ascorbic acid in

orange using Au electrode at 0.88 V

Figure 6 shows the calibration curve for the concentration of ascorbic acid in orange with

current density for Au electrode. From the calibration curve obtained using Au electrode, the
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correlation coefficient (r) recorded was 0.955. For the purpose of analysis, the slope and limit of
detection were also determined, where the sensitivity of the technique is correctly defined as the
slope of the calibration curve. The slopc for the calibration curve using Au electrode was 0.185
(Table 1). From this single parameter, it could be concluded that Au electrode was for the
analysis of ascorbic acid using CV method. Limit of detection for Au electrodes were

approximately about 1.2 mg/100g.

Table 1. Analytical parameters of ascorbic acid using cyclic voltammetry method

Parameters Au electrode at 0.88 V
Peak potential (E, anodic) 0.88V

Equation regression linear y=0.185x+0.786

Slope 0.185

Intercept 0.786

Cocfficient of determination (R?) 0.955

Limit of detection 1.2 mg/100g

Table 2. The results of the determination of ascorbic acid contents of fruits by the voltammetric

method
Samples Concentration ascorbic acid
(mg/100g)
Orange 61.56
Apple 42.51
Mango 51.23
Pine apple 53.33
Guava 50.44

The anodic peak currents for the electrochemical oxidation of ascorbic acid to dehydroascorbic
acid were recorded at 880 mV. The results of the determination of ascorbic acid contents of
tropical fruits by the voltammetric method are shown in Table 2. Fruits found to have high
levels of ascorbic acid include orange 61.56 mg/100g, apple 42.51 mg/100g, mango 51.23
mg/100g, pine apple 53.33 mg/100g, and guava 50.44 mg/100g. The results obtained in this
study show that cyclic voltammetry can be successfully used as part of quality management in

food industry, for assessing the vitamin C content in natural fruit juice and soft drinks.

Conclusions
Au electrode was found to be a good working electrode (anode) for the analysis of
ascorbic acid using CV method. Based on the calibration curve obtained (current density vs.

concentration), Au €lectrode was found very sensitive for analysis of ascorbic acid using CV
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method. Cyclic voltammetry can be successfully used as part of quality management in food

industry, for assessing the ascorbic acid content in natural fruit juice and soft drinks
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