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Ovaj broj Casopisa je posveCen pokretacu hemije u Bosni i Hercegovini, akademiku
Mladenu Dezelicu.

U mnogo ¢emu je akademik DeZeli¢ bio zacetnik: osnivanje Katedre za hemiju na
Filozofskom fakultetu, mati¢ar Prirodno-matemati¢kog fakulteta u Sarajevu, osnivac
Drustva hemicara i tehnologa BiH, prvi Glavni urednik Casopisa Glasnik hemicara i
tehnologa BiH, jedan od osniva¢a Akademije nauka i umjetnosti BiH, i mnogo toga.

To je sve pocelo jos 1949.godine na poziv vlasti Bosne i Hercegovine da dode
u Sarajevoi utemelji univerzitetsku nastavu iz hemije. Njegovom inicijativom i
zalaganjem projektiran je i izgraden Institut za hemiju i fiziku u Sarajevu, a nakon
osnivanja Prirodno-matematickog fakulteta postaje voditeljem Odsjeka za hemiju i
direktorom Hemijskog instituta.

Za Mladena DeZeli¢a se moZe kazati da je otac hemijske znanosti u BiH.

U svojem nau¢nom radu bavio se organskom sintezom i istraZivanjem prirodnih spojeva.
[strazivao je hemiju pirola, porfirina i hemina, proucavao nikotini njegove derivate,
kumarinske derivate i njihovo antikoagulacijsko djelovanje, te glikozidne spojeve. Bavio
se i problemom stabilizacije vitamina Cu otopini. U podrucju fizicke hemije bavio
se termohemijom, polarografijom i spektrofotometrijom. Rad na proucavanju ravnoteze
smjese teSke vode D20 i obi¢ne vode H20 dao je rezultate koji se i danas navode u
priru¢nicima s tablicama fizikalnih i hemijskih podataka o teskoj vodi.

Bibliografija nau¢nih radova dr. Mladena DeZeli¢a obuhvata veliki broj nau¢nih radova u
Casopisima i nau¢nim zbornicima, knjiga, radova iz historije nauke i kulture, patenata,

strucnih i enciklopedijskih ¢lanka.

Na Prirodno-matematickom fakultetu u Sarajevu je nedavno organiziran ,Dan
akademika Mladena DeZeli¢a“ na kojem je prezentiran njegov Zivot i rad.
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Abstract: The preparation of a new biosensor for glucose was based on the fact that glucose can be
determined by its enzymatic oxidation to gluconic acid with simultaneous formation of hydrogen
peroxide in the presence of glucose oxidase. Hydrogen peroxide formed in previous reaction further
reacts with luminol in presence of cobalt as catalyst producing chemiluminescence signal. This
biosensor was made of three layers. The first layer contained luminol, sodium phosphate, sodium
lauryl sulphate as a surfactant and a polymer, hydroxyethyl cellulose as a carrier applied to the
support. The second was an aqueous solution of Co®" as a catalyst, and the third layer was an
aqueous solution of glucose oxidase. After applying the sample solution (glucose) by micropipette
onto the sensor, glucose reacted with glucose oxidase and hydrogen peroxide was formed. Hydrogen
peroxide diffused towards the polymeric layer containing luminol and produced chemiluminescence
reaction. The detection limit for the new glucose biosensor (36) was found to be 19 mg L™ glucose
(o from 5 determinations of 30 mg L™%). A relative standard deviation of 7.6 % was recorded for 10
measurements of 50 mg L™ standard glucose solution, and 6.8 % for 10 measurements of 500 mg L™
standard glucose solutions. The glucose biosensor was used for the determination of glucose in soft
drinks (mainly apple juices). The results obtained with the chemiluminescence sensors and
commercial glucometer (as the reference method) are in good agreement. The corresponding
recovery rates were between 93 and 105 %.

INTRODUCTION

Of all biosensors, the glucose biosensor has been studied
most. In 1994 almost 2000 articles describing glucose

Professor Clark has been known as the father of
“Biosensor concept” since he published his definitive paper
on the oxygen electrode in 1956 (Clark, 1956). Later, Clark
and Lyons coined the term enzyme electrode, which was
followed by Updike and Hicks (1967) when they
experimentally detailed the fabrication of a functional
enzyme electrode for glucose (Clark and Lyons, 1967). This
enzyme biosensor was based on detecting the decrease of
oxygen, which was the co-substrate for the conversion of
glucose by the enzyme glucose oxidase (GOX). Later, the
oxidation of glucose was also followed by the increase of
hydrogen peroxide.

electrodes and glucose sensors have been published.

The first commercial biosensor for estimation of glucose
was launched by Yellow Springs Instrument Company
(Ohio) in 1975. This was based on the amperometric
detection of H,0,.

The glucose analysers commercialized by Medi Sense
(Abbott Laboratories, USA) in 1987 and Boehringer
Mannheim and Bayer are also mediated biosensor. National
Physical Laboratory, India has patented a technology based
on mediated electron transfer for glucose estimation (Asha
and Malhotra, 2002).



A lot of biosensors for the determination of glucose have
been developing in last years for different purposes. Some
of them are: Pan and coworkers prepared amperometric
glucose biosensor based on immobilization of glucose
oxidase in electropolymerized o-aminophenol film at
copper-modified gold electrode. This biosensor has
detection limit of 0.01 mM, high sensitivity (12.6 mA M’
em) due to existence of Cu nanoparticles. Also, it exhibits
good selectivity, large response current, fast amperometric
response, good reproducibility and excellent stability (Pan
et al., 2005).

Benamin P. Corgier with coworkers developed screen-
printed electrode microarray for electrochemiluminescent
(CL) measurement of glucose and lactate. A microarray of
nine screen-printed graphite electrodes was used to develop
multi-parametric electroluminescent biochip. The whole
biochip is based on the ECL detection of enzymatically
generated H,O,. The intrinsic performances of this
electrode array were evaluated through the cyclic-
voltammetric experiments in 0.1M ferricyanide. Detection
limit for glucose was 10 uM (Corgier, Marquette and Blum,
2005).

An interference-free implantable glucose microbiosensor
based on use of a polymeric analyte-regulating membrane
was developed by Xie et al. Two polymers, poly (4-vinyl
pyridine), PVP and poly 4-vinyl pyridine-co-acrylic acid,
PVP-PAC were investigated. The biosensor with PVP-PAC
showed excellent selectivity to glucose against interferents
like oxygen and ascorbic acid. The dynamic range is from
0-30 mM. The response time in amperometric measurement
was less than 10 sec (Xie, Tan and Gao, 2005).

Biosensor for the determination of glucose in fruit juice
by flow-injection analysis was developed by Guémas
(Guémas, Boujtita and EI Murr, 2000).

A glucose oxidase amperometric electrode was developed
by Bacon and Hall. A “sandwich” bielectrode system is
described for a glucose oxidase amperometric electrode that
uses outer scavenger electrode to remove ascorbic acid
interference from the measurement of enzyme generated
hydrogen peroxide. In this work, it is shown that the
scavenger electrode is able to remove about 80% of the
ascorbate. This system is tested with samples of lemon juice
(Bacon and Hall, 1999).

New biosensor for the determination glucose based on
immobilized glucose oxidase based on homogeneous
chemiluminescence detection by flow-injection system was
developed. This biosensor was applied to fruit juices and
biological fluid, human urine. The dynamic working range
from 2.5 x 10° to 1.9 x 10° mol L™ was obtained. The
detection limit was 8.6 x10" mol L™ (at the 3c) glucose for
the Co(ll)-luminol system (Manera et al., 2004).

Glucose biosensor for the quantitative detection of
glucose in the physiological range (0-450 mg/dL, 0-25 mM)
with 3-days stability based on surface-enhanced Raman
scattering (SERS) was developed (Yonzon et al., 2004).

The aim of this work was to develop a one-shot
chemiluminescence biosensor for determination of glucose
based on coupling of two reactions: enzymatic oxidation of
glucose and chemiluminescence reaction of luminol with
hydrogen peroxide in presence of cobalt ions as catalyst.
Chemiluminescence reagens: luminol, sodium phosphate
and sodium lauryl sulphate are incorporated into polymeric
matrix of hydroxyethyl cellulose (HEC). Second layer of
the biosensor contained cobalt salt as a catalyst while third
layer contained glucose oxidase. Microplate luminometer
and a home-made luminometer were used for optimization

Copra-Jani¢ijevi¢ et al.

of experimental parameters and construction of a calibration
curve. The biosensor was used in the determination of
glucose in soft drinks and obtained results were compared
with commercial glucometer.

EXPERIMENTAL

Instrument

Measurements were performed with the home made
luminometer (Moderegger, 2003) and with a microtiterplate
luminometer Lucyl. A commercial Glucometer GlucoMen
(GlucoMen, Glch, A. Menarini Industrie, Farmaceutische
Riunite S.E.L. Diagnostic Division, Firenze Italy) was used
for the determination of glucose in the samples as a
reference method.

Reagents

The hydrogen peroxide stock solution (10 000 mg L™)
was prepared daily by diluting 1 g of 30% solution with
water. It was stored at 4°C in the dark. Further dilutions
were made immediately before use.

The sodium salt of luminol (100 mg) and NasPO, - 12H,0
(250 mg) were dissolved in water (10 mL). This stock
solution was stored at 4°C in the dark. The freshly prepared
solution was allowed to stand for 48 hours before use.

The stock solution of CoCl, - 6H,0 (0.1 mol L'l) was
prepared by dissolving CoCl, - 6H,O (1190 mg) in water
(50 mL).

A stock solution of glucose (10000 mg L™) was prepared
by dissolving of 0.5 g of glucose in 50 mL of water. It was
left to stand for 48 hours before use to facilitate o-f
mutarotation, as it was recommended (Zhu, Li and Zhu,
2002; Lindfors, Lahdesméki and Tvaska, 1996) and stored at
4°C when not in use. Solutions of lower concentration were
prepared immediately before use.

The stock solution of surfactant, sodium lauryl sulfate
(SLS) was prepared by dissolving it (100 mg) in (10 mL)
water.

A stock solution of glucose oxidase was prepared by
dissolving 6 mg of glucose oxidase in 0.5 mL water and
then diluting it with water with ratio 1:3. The solution was
stored in the freezer at -20°C.

Trisodium phosphate NasPO, -12H,0 (1 g) was dissolved
in 10 mL water.

A stock solutions of the interferent (ascorbic acid, citric
acid monohydrate, D-(-)-fructose, saccharose, lactose,
oxalic acid, L (+)- tartaric acid, D-(-)-quinic acid, fumaric
acid, D-(+)-galacturonic acid) were prepared by dissolving
of 0.1 g in 10 mL water on the same day of use. Solutions
of lower concentration were prepared immediately before
use.

The solutions of interfering compounds with
concentration of 0.5 ppm (only for ascorbic acid), 5, 50 and
500 ppm in the sample solution of 50 ppm of glucose were
prepared just before measuring. They were stored in the
refrigerator at 4°C.

Samples
The glucose biosensor was used for the determination of
glucose in soft drinks, mainly apple juices (Table 1).

Preparation of glucose biosensor

The biosensor was prepared by drop-coating technique.
The concentration of substances, which were used for
preparing sensor layers were: 0.15 % HEC (m/m), luminol
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(0.11 mmol L™), sodium phosphate (5.26 mmol L),
sodium lauryl sulfate (60 mg L™), cobalt chloride (0.05
mmol L), and water solution of glucose oxidase.

Table 1: Soft drinks analyzed with the new glucose biosensor.

# Brand Type
1. Apfel saft, 100%, Spar Apple juice
2. Apfelsaft, 100%, Happy Day Apple juice
3. Apfelsaft, 100%, Clever Apple juice
4. Apfelsaft, 50%, Clever Apple juice
5. Apfelsaft, 100%, Obi Apple juice
6. Indian Tonic Water, Schweppes Tonic water

Biosensor | was made by three layers: first: HEC, SLS,
luminol and phosphate; the second: Co, HEC and SLS and
the third: glucose oxidase.

Biosensor Il was made by fourth layers, one layer more
than Biosensor | with layer of HEC and SLS in order to
separate Co and luminol layers, and Biosensor Ill, with the
second layer made of water solution of cobalt chloride.

After preparing the solutions for the biosensor, it was
applied on microscope cover glass, dry in the oven at 70° C
for 2 hours. After that it was cooled in the desiccator. The
next layers were made using the same procedure: applied
volume of each layer was 10 pL. The last layer was glucose
oxidase. A stock solution of this enzyme was applied (5 pL)
and after drying in desiccator it was stored at 4°C in the
fridge. Scheme of the biosensor preparation is given in
Figure 1.

layer (3). draying in a desiccator, store at 4°C
layer {2), drying, oven 70°C, 2 hrs

layer (1), drying. oven, 70°C, Zhrs

Self-adhesive reinforcement ring

Glass support

Figure 1: Preparation of glucose biosensor by drop-coating technique.

Results

After applying sample solution (glucose) by micropipette
in the photodiode luminometer, glucose reacted with
glucose oxidase and hydrogen peroxide was formed. Than
H,O, reacted with luminol in basic solution and in the
presence of Co as catalyst emitting the light that can be
detected by photodiode (Figure 2).

Figure 2: Chemiluminescence signal produced by glucose biosensor.

RESULTS AND DISCUSSION

Preliminary investigation of a biosensor preparation

Our investigations of a preparation of a new biosensor for
glucose is based on a fact that glucose can be
enzymatically determined by its enzymatic oxidation to
gluconic acid and hydrogen peroxide in the presence of
glucose oxidase. CL detection of hydrogen peroxide relies
on its well-known CL reaction with luminol (Panoutsou and
Economou, 2005) according to Scheme 1.

GOD
B-D-glucose + O, + H,O——p D-gluconic acid +
HzOZ
base
H,0, + Luminol ——®-aminophtalate + hv
catalyst
Scheme 1

For the preliminary investigation we prepared three kinds
of biosensors to achieve the best results, marked as
Biosensor I, Il and Il (Figure 3). The biosensors were
prepared by drop-coating technique. It consisted of layers
applied on a microscopic cover glass by micropipette.

BIOSENSOR 1 BIOSENSOR I1 BIOSENSOR 11

ghicose glucose glucose
oxidase oxidase oxidase
5 €o + HEC + 5LS Co + HEC +SLS -

- p— -

self adhesive reinforcement ring

lagers

Glass support

Figure 3: Preliminary investigations of glucose biosensor preparation

Biosensor Il showed the best results, the highest
chemiluminescence intensity and it was taken for the
further investigations, while biosensor | and Il showed
weak chemiluminescence intensity or no signal was
observed. The reason could be=existence of a many sensor
layers not allowing reactants to break in and get in contact
with active surface.

Optimization of glucose oxidase concentration
Optimization of the glucose oxidase concentration was
done with the microtiterplate luminometer. The results are
shown in the Figure 4 and Table 2. The investigated
solutions were prepared by dilution of stock solution of
glucose oxidase, which were prepared by dissolving of 6
mg of glucose oxidase in 0.5 mL (2308 units/mL) water.
Absolute concentration of glucose oxidase applied per
biosensor was in the range 0.2 ug — 60 nug of enzyme.
Highest chemiluminescence intensity was achieved with a
dilution of glucose oxidase stock solution in a range 1:3,
which means that each biosensor contained 6.7 units of
glucose oxidase. Smaller amounts of the enzyme gave
lower signals, but also higher amounts of enzyme showed



increased signal but to a lesser extent. The reason for this
behavior is unclear, but could be explained by surface
blocked with too much enzyme, or binding of the catalyst to
the protein.

14000 -
12000 -|
o000 4
2000 4

5000 l :

4000

wignal [keounlshs |

2000

Glucose oxidasa per biosensor [ng]

Figure 4: Dependence of the CL on the amount of GOX obtained with
the microtiter luminometer. Membranes made by drop-coating, first
layer (10 pL): 0.15 % HEC (m/m), trisodium phosphate (5.26 mmol L
1), luminol (0.11 mmol L) and sodium lauryl sulfate (60 mg L™), the
second layer (10 puL) Co* (0.05 mmol L?), the third layer glucose
oxidase (5 uL, 6.7 pg per biosensor), sample concentration: 500 mg L™
glucose: the layers were applied to each well of a microtiter plate;
repetitions =5.

Table 2. Chemiluminescence intensity obtained with different amount
of glucose oxidase.

T T T T T T T
1} i0 20 30 40 50 1] 70

Absolute amount of

# glucoseoxidase applied per Signal [kcounts/s]
biosensor [ug]
1. 60 7150 + 620
2. 26.7 7200 + 1100
3. 15 9100+ 1000
4. 6.7 9150 +510
5. 3.7 4230 + 140
6. 24 3570 £360
7. 0.9 3880 + 190
8. 0.5 4050 £ 540
9. 0.3 3910 +£270
10. 0.2 4090 + 180

Stability of the glucose biosensor

The long-term applicability of the biosensor was
investigated. For that propose glucose biosensor was stored
at room temperature, at 4°C in the refrigerator and at -18°C
in a deep freeze for 18 days (Figure 5).

[T TETN [LTER T TR |
M
&
'
i
L

Figure 5: Stability of the glucose biosensor in dependence on the
storage temperature. Membranes were made by drop-coating a
solutions of: HEC 0.15 % (m/m), trisodium phosphate (5.26 mmol L™),
luminol (0.11 mmol L%, Co*™ (0.05 mmol L™ SLS (60 mg L™,
sample concentration: 100 pg L?; sample volume 10 pL, repetitions
=5.
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The biosensor gave a rather stable response after 2 days of
storage in the refrigerator at 4°C without changes in its
chemiluminescence intensity. Then the signal dropped for
about 50% and stayed like that during the next two weeks.
Further investigations were done within the first 2 days
after preparation of the biosensors.

When stored at room temperature, the chemiluminescence
intensity rapidly decreased, and after 3 days no signal was
observed. When the biosensor was stored in a deep freeze
(-18°C), the chemiluminescence signal dropped to one third
of its initial value, and after that the signal was rather stable.
But biosensor stored under these conditions showed very
high standard deviations. Probably freezing destroys
somehow the mechanical structure of the polymeric
backbone (cellulose contains significant amounts of water)
that deteriorates the analytical performances of the sensor.

Calibration curve

The calibration curve of the glucose biosensor is shown in
Figure 6. In the investigated concentration range (20-1200
mg L) two quasi-linear ranges were found, i.e., 20-100 mg
L™ (r"=0.9992) and 100-900 mg L™ (r*=0.9994) glucose.

&=

el oma [lefs - ik |

o
g
=
]
a

Glscoselms L™

Figure 6: Calibration curve of glucose; membranes made by drop-
coating from 10 pL of a solutions made of: 0.15 % HEC (m/m),
trisodium phosphate (5.26 mmol L™), luminol (0.11 mmol L?) and
sodium lauryl sulfate (60 mg L™), the second layer (10 uL), Co*? (0.05
mmol L%), the third layer glucose oxidase (5 pL), sample
concentration: 20-1200 mg L™ 10 pL dispersed polymer solution on a
glass lamella, sample volume 10 pL, repetitions =5.

The detection limit (3c) was found to be 19 mg Lt
glucose (o from 5 determinations of 30 mg L™). A relative
standard deviation of 7.6 % was recorded for 10
measurements of 50 mg L™ standard glucose solution, and
6.8 % for 10 measurements of 500 mg L™ standard glucose
solutions.

Interferences

Glucose is an important component in many alcoholic and
soft drinks and often occurs together with many others
organic species (acids and sugars), which might interfere
with glucose. The main potential interferences are
saccharides, metal cations, organic acids and reducing
agents (Manera et al., 2004). The results are summarized in
Table 3.

From the data it can be seen that practically all
interferents, except ascorbic acid, interfere even at higher
concentration only to a limited extent, i.e., below 20%
change of the signal. As the experimental uncertainty is a
bit less than 10% already, this seems acceptable for a
simple portable device.

Ascorbic acid does strongly interfere even in a
concentration of 5 ppm or higher, added to the glucose
concentration of 50 ppm. Concentrations of 0.5 ppm or
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lower in the glucose solution do not show any significant
deviation of the glucose response.

Table 3: Investigated interferences on the determination of glucose;
sample solution contains 50 ppm glucose and interferent.

Change of signal (%)

Interferent mg L™

05 5 50 500
Fructose 5.5 +3.1 +7.3
Saccharose +9.2 -16.3  -17.1
Lactose +8.6 -116 -12.8
Mannose +3.5 -7.9 -10.6
Ascorbic acid -2 94 -100 -100
Citric acid +10.7 -9.9 -115
Oxalic acid -8.9 +5.0 5.1
Tartaric acid -5.0 +12.9 +18.1
Quinic acid -5.9 -6.9 +7.2
Fumaric acid -6.1 -6.8 -155
Malic acid -7.5 +6.7 +20.5

Galacturonic

. +5.1 -4.6 +10.4
acid

Thus, with real samples attention must be paid that the
concentration of vitamin C does not exceed the given value
in order to avoid erroneous results. With soft drinks it was
found that dilution of the sample (100 to 200 fold) usually
meets this criterion. If the ascorbic acid concentrations are
too high either pretreatment of the sample is necessary, e.g.,
selective destruction of vitamin C by ascorbate oxidase and
catalase, or interference-free sensor must be designed
(protective layers).

One of the features of the proposed method is that it
allows extensive dilution of the sample so that interferences
due to the presence of possible interferences are alleviated.

Samples
The glucose biosensor was used for the determination of
glucose in soft drinks.

The drinks were diluted 1:100 or 1:200 prior to analyses;
the results obtained with the photodiode luminometer and a
commercial glucometer as a reference are summarized in
Table 4.

Table 4: Glucose concentrations in the investigated samples.

-T
Glucose [gL7T ) cose [g Y] Recovery

# LPhO.tOd'Ode Glucometer (%)
uminometer
1. 31.1+3.0 209+ 1.4 104.0
2. 29.7+0.6 319+1.1 93.1
3. 225+£2.6 235+1.3 95.7
4, 162+1.7 16.8+0.8 96.4
5. 27.5+2.1 28.0 1.6 98.2
6. 66.8£2.0 63.7+1.9 104.9

From the Table 4 it can be seen that results obtained by
two methods agree very well. A recovery rates were
between 93 and 105 %. This seems very acceptable for a
simple portable device.

CONCLUSIONS

After preliminary investigations with a microtiterplate
luminometer, and development of a sensor for the
determination of hydrogen peroxide that was applicable to

rainwater samples, a new biosensor was developed for the
determination of glucose. The method is based on the
determination of chemiluminescence given out by the
cobalt-catalyzed reaction of luminol with hydrogen
peroxide, which is produced by the reaction of glucose
oxidase with glucose.

The biosensor was characterized with respect to storage,
temperature and interferences, and its applicability for the
determination of glucose in some soft drinks was proven.
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Summary/SazZetak

Pripremanje novog biosenzora za odredivanje glukoze je bazirano na €injenici da se glukoza moze oksidirati do glukonske kiseline uz
pomo¢ enzima glukoza oksidaze. Biosenzor je napravljen od tri sloja. Prvi sloj sadrzi luminol, natrijum fosfat, natrijum lauril sulfat kao
surfaktant, i polimer hidroksietil celulozu, kao nosa&. Drugi sloj je vodeni rastvor Co®* kao katalizator, i treéi sloj je vodeni rastvor
glukoza oksidaze. Nakon apliciranja uzorka na biosenzor, glukoza reaguje sa glukoza oksidazom, i formira se hidrogen peroksid.
Nagradeni hidrogen peroksid prolazi do sloja koji sadrzi luminol i javlja se kemiluminescentna reakcija. Limit detekcije novog
biosenzora za glukozu (36) iznosi 19 mg L™ glukoze (¢ za 5 mjerenja koncentracije glukoze od 30 mg L™). Relativna standardna
devijacija iznosi 7.6 % za 10 mijerenja standardnog rastvora glukoze koncentracije 50 mg L™ i 6.8 % za 10 mjerenja standardnog
rastvora glukoze koncentracije 500 mg L™ Novi biosensor je koriiten za odredivanje glukoze u bezalkoholnim pi¢ima, veéinom
sokovima od jabuke. Rezultati dobiveni kemiluminescentnim biosenzorom i komercijalnim glukometrom kao referentnom metodom su

pokazali jako dobro slaganje. Recovery vrijednost je bila izmedu 93 i 105 %.
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Abstract: Pollutants such as particulate matter PM, nitrogen oxides and troposferic ozone
are harmful to a human health. Study of pollutant variation and its relationship is of
importance not only for environmental protection but also for the benefit of public at
large. The aim of this study was to analyze seasonal and daily variation of PM,, NO,, NO
and Os in a residential part of an urban area. The study was conducted from January 1 till
December 31, 2011 in the City of Mostar using the following methods: absorption of beta
radiation, chemiluminescence and UV photometry. The results presented in this article,
show the dependence of air pollution levels upon traffic density and seasons. Considering
the level of air pollution relative to the regulated limited and tolerated values, the
measured 24-hour concentrations of all studied pollutants did not exceeded the limited
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values and tolerated values.

INTRODUCTION

Air pollution is the introduction of chemicals, particulate
matter, or biological materials that cause harm or
discomfort to humans or other living organisms, or cause
damage to the natural or built environment, into
the atmosphere. According to the WHO (World Health
Organization) air pollution is a significant risk factor for
multiple health conditions including respiratory infections,
heart disease, and lung cancer. Air pollution is always a
public concern, especially in urban areas. Study of pollutant
variation is of importance not only for environmental
protection but also for the public at large. Air pollution can
be natural or human-made.

Particulate matter is the term for solid or liquid particles
found in the air. Because particles originate from a variety
of mobile and stationary sources (traffic, industrial
processes, combustion plants, etc.), their chemical and
physical compositions widely vary.In 1987., EPA
(Environmental Protection Agency) replaced the earlier
Total Suspended Particulate (TSP) air quality standard with
the PMy, standard.

The PMy, standard includes particles with a diameter of
10 micrometers or less. Because of their small size,
particles PMy, can penetrate the deepest part of the lungs
such as the bronchioles or alveoli. Larger particles are
generally filtered in the nose and throat via cilia and mucus,
but particulate matter smaller than about 10 micrometers,
referred to as PMy,, can settle in the bronchi and lungs and
cause health problems. Major concerns for human health
from exposure to PMy, include: effects on breathing and
respiratory systems, damage to lung tissue, cancer, and
premature death (Li-Shun Lu et al. 2006).

The term »nitrogen oxides» NOy refers to a group of
oxides formed in the combustion process, the principal
constituents of which are nitrogen monoxide (NO) and
nitrogen dioxide (NO,) are among the common atmospheric
pollution. The principal sources of NOyx are motor vehicles
and fuel combustion process and local heating. The
majority of nitrogen oxides emitted from vehicle exhausts
are in the form of NO. This gas can react with unburned
hydrocarbonates, also present in the exhaust, to form NO,.
Nitric oxide is not considered harmful at ambient
concentrations. Nitric dioxide ,NO, is a reactive pollutant



formed by oxidation of atmospheric nitrogen during fuel
combustion at high temperature and a key component for
the rise of secondary toxic pollutant (nitric acid, the nitrate
part of secondary inorganic aerosols and photo-oxidants
including ozone). Oxides of nitrogen have adverse effects
on human beings, plants and animals. For human beings,
NOx can, at high concentrations (10-30 ppm), cause nose
and eye irritation, pulmonary edema, bronchitis and even
pneumonia. Fortunately, the levels even in the polluted
areas are not quite that high. The effects on plants are more
severe (necrosis and growth retardation) (Yuan Gao et al.
2011). In addition to potentially damaging human health,
nitrogen oxides are precursors to ozone (O;) formation,
which can harm human health and vegetation. Finally,
nitrogen oxides contribute to acid deposition, which
damages vegetation and aquatic ecosystems (Hariri M.H.,
1994; Lelieveld J. and Dentener F. J., 2000).

Ozone is the most important photochemical oxidant in the
troposphere and it is the key ingredient of so-called summer
smog, the main pollution problem in almost all big cities
worldwide. It is a secondary pollutant since it is not emitted
directly. The majority of tropospheric ozone formation
occurs when nitrogen oxides (NOy), carbon monoxide (CO)
and volatile organic compounds (VOCs), react in the
atmosphere in the presence of sunlight. NOx, CO, and
VOCs are called ozone precursors. Motor vehicle exhaust,
industrial emissions, and chemical solvents are the major
anthropogenic sources of these chemicals. Ozone has
harmful effects on vegetation and human health. Long-term
effects of ozone on human health include an increased
incidence of asthma and lung cancer, impaired pulmonary
function, etc. In addition, ozone is a significant greenhouse
gas, particularly in the cold upper troposphere
(Logan,1985).

Table 1. Limit and tolerance values of air pollutants — National
Standards

Pollutant Limit  Maximum Permitted
value margin  Averaging exceedences
¢, pgm® of toleran_%e period  each year
c, ugm
NO, 200 225 1h 18
NO, 85 125 24 h /

PMyo 50 75 24 h 35
05 120 / 8h 25*

* Averaged over 3 years

The European Union has developed an extensive body of
legislation which establishes health based standards (limited
and tolerated values) and objectives for a number of
pollutants in air. These standards for measured pollutants in
this study are summarized in the Table 1.

In the present study, seasonal and daily variation of PM,
NO,, NO and O; was analyzed in a residential part of an
urban area.

EXPERIMENTAL

Measuring site and period

The study was conducted from January 1 till December
31, 2011 in the City of Mostar with 111 116 inhabitants
(evaluation as per 2008). Station for monitoring (tracking)
air quality Mostar-1 is placed in the western, residential part
of the City of Mostar (coordinates: N 43° 20" 42,6 i E

Bunti¢ et al.

017° 45" 34,7°"; 64 m above the sea level), at >6 m distance
from a main street with high traffic intensity.

Sampling and measuring methods

Particulate matter PM,, was measured by the method of
beta radiation absorption on a Verewa Beta-Dust Monitor
F-701-20. The Beta Dust Meter measures the dust
concentration in pg dust/cubic meters of gas. The sample
gas is drawn through a glass fiber filter tape and the
volumetric flow of the gas is recorded by the system. The
dust particles are then trapped on the filter tape and
radiometrically measured. The radiometric measurement is
achieved using a Betaemitter (C-14) and a Geiger-Miiller
counter.

NO, and NO were measured by the method of
chemiluminescence on NOyx-Analyzer, Horiba Model
APNA-370. The APNA-370 uses a combination of the dual
cross flow modulation type chemiluminescence principle
and the referential calculation method. This gives it the
advantages of the single-detector method plus the ability to
do continuous measurements of NOx, NO, and NO,. The
design gives great stability and extremely high sensitivity.

0O, was measured by the method of UV photometry on
Os— Analyzer Horiba Model APOA-370. The APOA-370
is using the non-dispersive ultraviolet absorption (NDUV)
method as its operating principle. The ultra-violet-
absorption method works on the principle that ozone
absorbs ultra-violet rays in the area of 254 nm.

RESULTS AND DISCUSSION

During 2011, the measured concentrations of airborne
pollutants showed quite a regular pattern. During the winter
period (Oct-Mar), the highest average 24-hour a month air
concentrations were recorded for the following pollutants:
PMyp (17.21 — 29.99 ug m™), NO, (14.24 — 21.51 pg m*)
and NO (2.38 — 10.90 pg m’®).

In the summer period (Apr-Sep), these pollutants showed
lowest 24- hour concentrations: PMy, (12.60 — 23.08 ug m”
%) NO, (7.70 — 14.96 pg m™®), and NO (0.12 — 1.16 pg m™).

The results of seasonal variation in  24-hour
concentrations of PMy, NO, and NO, indicating higher
values in winter, could be explained by air pollution from
two emission sources: higher traffic intensity and a number
of public institutions boiler-rooms. The higher values of
PMy, concentration in the summer period was probably
consequential to the growing number of resuspended
particles due to dry weather and wildfires in this areas (Toth
I. etal. 2011).

An inverse pattern was only observed for ozone (O3), as
lowest concentrations of this pollutant were recorded in the
winter period (41.79 — 74.43 ug m®) and highest in the
summer (85.28 — 94.53ug m”) (Table 2.).

In Figure 1 are presented the 24-hour concentrations of
pollutants during 2011. The pollutants showed maximum
values in late autumn and winter: PM,, (max value 61.83
ng m>, peak on 03/12/2011), NO, (max value 50.55 pg m™,
peak on 12/02/2011) and NO (max value 47.78 pg m?,
peak on 14/01/2011), while O3 reach its maximum in spring
and summer (max value 121.94 pg m>, peak on
28/09/2011).
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Table 2. Monthly variation of 24-hour pollutant concentrations in
Mostar, 2011.

Pollutant/24-hour concentrations (g m”)
Particullate matter PMy, Nitrogen dioxide NO,
Min. Max. X Min. Max. X

Jan 4.26 61.13 2458 7.63 50.55  20.64
Feb 1050 5583 2999 7.69 4761 2151
Mar 5.67 58.75 2379 5.96 38.58 1852
Apr 9.67 39.71 1786  5.97 27.01 1496
May 5.29 26.76 1547  4.39 24.14  10.28
Jun 8.13 3798 1765 457 16.79 9.28
Jul 5.62 2947 1260 452 15.04 875
Aug 6.95 2400 2208 4.69 14.67 7.70
Sep .77 3730 2308 7.02 21.33 1293
Oct 4.18 3528 1721  3.65 3254 1424
Nov 1188 46.65 2360 6.15 3555 20.24
Dec 4.17 61.83 1780 3.78 4439 1821

Nitrogen monoxide NO Ozone O3
Min. Max. X Min. Max. X

Jan 0.42 4478 1090 7.98 82.81 43.69
Feb 0.04 2187 492 1784 9237 6355
Mar  0.03 1310 238 3482 99.96 7443
Apr 0.06 6.54 090 46.67 11438 85.28
May  0.02 1.15 0.12 5423 11502 9254
Jun 0.03 1.08 052 7341 11594 9453
Jul 0.46 1.64 097 5959 11713 90.23
Aug 0.56 1.67 1.04 6331 108.97 90.90
Sep 0.58 2.72 116 4092 121.94 91.30
Oct 0.69 2113 460 1525 10514 54.73
Nov 0.76 1779  7.06 2324 7577 44.06
Dec 0.60 4357 1031  5.69 7141 4179
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Figure 1. Variation of 24-hour pollutant concentrations during 2011.

In Figure 2 the curves showed a similar pattern of intra
diurnal distribution of the mean pollutant concentrations
PMyy, NO, and NO during work-days (Mon-Fri) and
weekend (Sat- Sun) throughout 2011. Air concentrations of
pollutants were higher on workdays.

The regular diurnal pattern of 24-hour PM,,, NO, and NO
concentrations observed during the week and of intradiurnal
concentrations was directly related to traffic intensity. It
was indicated by elevated concentrations towards working
days and lower values at weekends (WBG 1998).

Ozone is influenced by seasonal and intra diurnal
variation. The concentrations decreased towards autumn, to
be lowest during winter. Also, higher levels of nitrogen

oxides were associated with lower ozone concentrations and
vice versa because ozone is formed primarly by nitrogen
oxides in the presence of sunlight (Figure 3).
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Figure 2. Intradiurnal hourly concentrations of PMyo, NO,, NO and
during working and weekend days (2011).
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Figure 3. Hourly concentrations of Oz (2011).

In Figure 4. can be seen that lower ozone concentrations
were observed during early morning hours and high ozone
levels were typically found in the afternoon. Those days
were randomly chosen during summer time to see
intradiurnal behavior variation in concentration of Os.
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Similar results have been reported in other study (Yuan Gao
etal., 2011, Lelieveld J. and Dentener F. J., 2000).

Concentration (pg m™
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Figure 4. Hourly concentrations of NO, and O5 (2011).

CONCLUSIONS

During the winter, the highest 24-hour air concentrations
were recorded for the following pollutants: PM,,, NO, and
NO. An inverse pattern was observed for ozone Os.

The curves showed a distribution of the mean pollutant
PMy,, NO, and NO concentrations during workdays (Mon-
Fri: highest peaks) and weekend (Sat-Sun:lowest peaks).
Aiir concentrations were higher on workdays.

Lower ozone concentrations were generally observed in
winter and during early morning hours, while high ozone
levels were typically found in summer and in the afternoon.

In the urban area in the City of Mostar the air quality is
relatively good with occasionally higher concentration of
ozone in the summer time, which did not exceeded limited
and tolerated values.

Summary/SazZetak

Bunti¢ et al.
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Zagadujuce tvari kao §to su lebdece Cestice, dusikovi oksidi i prizemni ozon Stetni su za ljudsko zdravlje. Svrha ovog rada je analizirati

sezonske , dnevne i satne varijacije PM o, NO,, NO i O3 na urbanom podruc¢ju grada Mostara. Istrazivanje se provodilo u razdoblju od 1.

sije¢nja do 31. prosinca 2011. godine u Gradu Mostaru. Koristile su se sljede¢e metode: apsorpcija beta radijacije, kemiluminiscencija i

UV fotometrija. Rezultati prezentirani u ovom radu pokazuju povezanost razina oneci§¢ujuéih tvari s gustocom prometa i sezonskim

uvjetima. 24 satne koncentracije svih mjerenih onecis¢ujucih tvari u zraku nisu prekoracile grani¢ne i tolerantne vrijednosti definirane

zakonskom regulativom.
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Abstract: Migration and accumulation of contaminants in soil is complex and involves
different processes such as leaching, capillary movement, sorption, nutrient resuspension
in roots and into the atmosphere. Speciation of radionuclides in ecosystems depends on the
source and layoffs, the distance from the source, dispersion processes and deposition
conditions. Resuspension of radionuclides from the soil surface to the outer portions of the
plants occurs due to the action of rain and wind. Significant variations in contamination
can be expected depending on the type of plant, plant growth conditions and methods of
its preparation before consumption. In this study we determined the activity of
radionuclides U-238 in the aerial part of wheat that was sown on a sample of soil from
Hadzic, and as an added contaminant different uranyl acetate concentrations were used.
Gamma spectrometric measurements were carried out in a vertical coaxial HPGe detector.
It is concluded that, regardless of the concentration of the contaminant, if the plant has a
sufficient amount of essential elements, in this case potassium, it will not take an element
that is harmful to its development, such as the uranium-238, which belongs to the toxic
and unnecessary elements in plant nutrition.

INTRODUCTION

Due to differences in physico-chemical properties of the
radionuclides and soil matrix in which the radionuclides are
present, the different chemical forms of radionuclides
present in the soil will be available for different plants. The
process of migration of radionuclides in the soil-plant
system and the behavior of radionuclides in soil and plants,
and some certainly affect the capability of the plant. In
order to quantify the transport process of radionuclides
from soil to plants term plant / soil concentration ratio has
been introduced often referred to as transfer factor (TF)
(Mortverdt, 1994) The transfer factor (TF) is defined as a
factor used to evaluate the transport of radionuclides and
other elements of interest through the food chain. Shepard
et al., defined it as a factor that describes the amount of an
element which is expected to be from the substrate to enter
the plant in terms of balance. Knowledge of transfer factors

can theoretically allow the calculation of radionuclide
activity in the plant and animal products on the basis of the
measured activity in the soil, and the study of transfer still
in the early radioecology been a frequent topic of research
(Ng YC et.al., 1982).

Contamination of plants is carried out in two ways:

- depostion of radionuclides on a plant surface (surface,
foliar contamination); and

- radionuclide transfer from soil to plants via the root
system.

Bettencourt et al.,(1988) have found that various factors
such as soil characteristics, climate, plants and their parts,
the physical and chemical form of radionuclides and the
effect of competing organisms (organisms that compete
with plants for food) may affect the value of transfer
factors.

Understanding the behavior of uranium, thorium and
artificially produced transuranic elements in the food chain
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is important because of its long half-life, the fact that alpha
emitters as well as their presence in the environment
(Zovko, Puji¢, 2003) . One of the very important questions
is whether the uranium, if present in the soil in high
concentrations of natural representation, can incorporate
into biomass and above-ground part of the plant.

The task of this work was to investigate the possibility of

transfer of uranium contamination on the surface of the
plant from the part of the soil, which leads to the
development of the primary plant species, and where there
is the possibility of soil erosion, dependence on the type of
soil.
For this purpose, wheat was selected and the transfer of
uranium from the soil in wheat during the early stages of
vegetative growth has been monitored. Reason to use this
plant is its distribution in the dietary habits of the
population in this region and beyond. Monitoring was
carried out at an early stage of the vegetative period for
practical reasons, and the scientific assumption that if
uranium reached the overground part of the plant, there is a
likelihood that they will be placed in the final stage of
growth, that is, the fruit of the plant.(Radovi¢-Rajevié,
2011).

EXPERIMENTAL

In the experiment we used vegetable crops wheat seeds
such as ,,Winter wheat" variety "Renaissance", the category
C-1. General features of these seeds are that they have a
good resistance to winter, it is very drought tolerant and
resistant to powdery mildew, number of 1.000 grains
weight s 40-45kg, very good milling and baking properties
etc. This type of wheat has a very high yield at favorable
conditions, but also in the conditions of stress caused by the
drough .This put it in the group of plant varieties that can
be grown in very heterogeneous agroecological regions.

The samples were taken from the soil from Hadzic area.
Four wheat samples were weighed out .Additionaly, sample
of the soil were packed in containers for three different
uranyl acetate concentrations and one for zero concentration
of UAc. The sown seeds were abundantly watered to
maximum swelling, before the appearance of the first
sprouts on grains. This was followed by a period of drying
out of the soil in the pots, so the soil could accept a solution
of the contaminant and not leak out of the pot. After that,
three different concentrations of the solution of uranyl
acetate were prepared: 0.03 g/cm®, 1.00 g/cm® and 2.00
glem®.

Samples were spiked with contaminants in small portions,
making sure that all contaminant remains in the container
with soil. In this way, the simulated contamination on the
surface layer and maximum availability enabled
contaminant to enter the root system of plants. To monitor
the transfer of uranium from the soil in biomass it was
necessary to monitor its presence in the soil, root system,
and in the aerial part of the plant, but only after it is
established radioactive equilibrium (six half-lives).

For this purpose, the separation was carried out above
ground portion of the plant root system by cutting it to a
height of 1 cm from the surface of the soil, to obtain a pure
sample from the aboveground part of the plant. All four
samples were dried at room temperature to a stage when the
plant breaks down to hey and process of annealing can be
performed.

Islamovi¢ et al.

Given that the experimental conditions did not allow a

large yield of plant material above ground part of the plant,
preparation phase annealing was not performed, because in
this case the mass of the sample for measurement was
extremely small. Prepared samples are weighted and packed
in plastic boxes, and then the measurements were
performed.
Gamma spectrometric measurements were performed on a
vertical coaxial HPGe detector POP-TOP p-type,
manufacturer "ORTEC" model "GEM 30P4" with relative
efficiency of 30% and a resolution of 1.85 keV-MeV and at
1.33. Activity of this radionuclide (**®U) was measured
from its gamma gamma lines and lines of his descendants.
The specific activities of 2*U was calculated from ***Th to
63 keV energy and the energy ***Pa 1001 keV's.

RESULTS AND DISCUSSION

Since the task was to determine whether there is a transfer
of uranium from the soil in the overground part of the plant,
the experimental setup used was for areal soil specific

chemical composition (Table 1).

Table 1: The chemical composition of the used sample soil.

Parameters Sample
pH (H,0) 7.46
pH (1 M KCI) 7.21
CaCO; (%) 2.04
K,0 (mg/100 g soil) 56.78
Cu (mg/kg) 42.0
Fe (%) 3.38
Ca (%) 0.25
Mg (%) 0.69

It was expected that such a chemical composition will
have a quite an impact on the yield of plant species. And
will transfer uranium from the soil in biomass. Which
according to the classification of plant nutrient belongs to
the group of toxic elements? Given the laboratory setting
conditions of the experiment, eliminating the sensitivity of
plant species to agroecological heterogeneity. We used the
highly resistant wheat variety, which is easily adaptable and
dry and moist soils and diversity of the chemical
composition of the soil. The growth of plants was
monitored during 26 days and then samples were prepared
for measurement. The experiment was performed three
times measuring of the height of the plant above the ground
and data are presented in tabular and graphical form.

Table 2: Results of radionuclide activity in the overground part
wheat.

A (Barkg) A (Bakg) A (Balkg)
C(UAC)
(g/ml) in U-238 U-235 K-40
the soil
0.00 1.20 <29 1819.98
0.03 20.10 <22 1822.00
1.00 80.60 +/-54.3 8.24 +/- 5,51 1881.35

2.00 152.58+/-58.05  13.87 +/-11.40 1665.02
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Diagram 1: Distribution of U-238 in the overground part wheat.

Table 3: The mass of absorbed radionuclides in the overground part
wheat.

C(UAC)

(g/ml) in the soil 0.00 0.03 1.00 2.00

U- U- U- uU-
NUCLIDE 238 238 238 238
Mass (ng)
in the overground part 1.05 2.8 6.53 12.35
wheat
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Diagram 2: Graphical representation of radionuclide mass depends on
the concentration of the contaminant.

The results of measurements of activity of nuclides in the
soil from the site Hadzici (Tables 2 and Diagram 1). The
uranium activity in the soil increased proportionally
increasing the concentration of the contaminant, and
potassium content remained constant.

Aboveground part of plants were characterized by a
sudden increase in the content of potassium, slightly below
2000 Bg/kg, and a sudden drop in uranium content.
Therefore, plants have had quite enough source of
potassium, which is incorporated in the overhead part of the
plant, while in the same part of the plant. The uranium
content is very low.

From obtained values for nuclides activity and using data
on the specific activity (As) U-238
(1g U-238 = 12 350 Bq) we obtained results presented in
Table 3 that shows a mass in micrograms absorbed
radionuclides U-238 in surface parts of plants developed
during the experiment.

The resulting values are shown in the diagram 2, from
which it is evident that the amount of absorbed U-238 is
measured in micrograms.

CONCLUSIONS

Following the development of the above-ground plant
species in the course of 25 days, and measuring the height
of plants on day 12, 19 and 25 from the time of seeding, it
can be concluded that regardless of the concentration of the
contaminant, the development of plant species flowed
freely, and is directly proportionate to the amount of
potassium- 40, present in the soil in which the plants are
sown. Looking at the distribution of uranium-238 and
potassium-40 in the system soil - plant, we concluded that
regardless of the concentration of the contaminant, if the
plant has a sufficient amount of essential elements, in this
case potassium, it will not take an element that is harmful to
its development, as it is uranium-238, which belongs to the
unnecessary and toxic elements in food plants. But in all the
works, and so in this experiment can be performed that
every living organism, including the plant in the process of
self-preservation, perform the selection of micro and macro
elements from the soil, and takes the most necessary
elements for optimal development.
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Summary/SaZetak

Migracija i akumulacija kontaminanata u tlu je kompleksna i ukljucuje razli¢ite procese kao $to su ispiranje, kapilarno kretanje, sorpciju,
unosenje korjenom i resuspenziju u atmosferu. Specijacija radionuklida u ekosistemima zavisi od izvora i nacina otpustanja, udaljenosti
od izvora, disperzionim procesima i uslovima depozicije. Resuspenzija radionuklida s povrsine tla na vanjske dijelove biljaka desava se
usljed djelovanja kiSe i vjetra. Znacajne varijacije u kontaminaciji mogu se ocekivati u zavisnosti od vrste biljke, uvjeta rasta biljke i
nacina njene pripreme prije konzumiranja. U ovom radu odredivana je aktivnost radionuklida U-238 u nadzemnom dijelu pSenice koja je
zasijana na uzorku zemlje iz Hadzi¢a, a kao kontaminant je adiran uranil-acetat razlicite koncentracije. Gamaspektrometrijsko mjerenje
vrSeno je na vertikalnom koaksijalnom HPGe detektoru. Zakljuceno je, da se bez obzira na koncentraciju kontaminanta, ukoliko biljka
ima dovoljnu koli¢inu esencijalnog elementa, u ovom slucaju kalija, ona ne¢e uzimati element koji Steti njenom razvoju, kao $to je to

uranij-238 koji spada u toksi¢ne i nepotrebne elemente u ishrani biljke.
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Abstract: Nigella sativa L. (Black cumin) is an annual herbaceous plant which belongs to
family Ranunculaceae. The plant commonly grows in the Middle East, Eastern Europe and
Western and Central Asia. This plant has been extensively investigated in recent years,
due to its notable pharmacological properties. This work presents the investigation of
phenolic content and antioxidant activity in extracts obtained from seeds of N. sativa,
using Soxhlet and ultrasound extraction techniques. Total phenolics content was measured
using the Folin-Ciocalteu method, and they varied from 11.867+0.338 to 31.148+0.293
mg/g GAE. Radical scavenging activity of the samples was examined using two methods,
1,1-diphenyl-2-picrylhydrazyl (DPPH), and 2,2'-azino-bis(3-ethylbenzthiazoline-6-
sulphonic acid), (ABTS) test, and reducing power of these samples was examined by
reducing ferric, and molybdenum cations. All examined samples showed prominent
antioxidant activity, except p-cymene. Thymoquinone and ethanolic extracts revealed the
best results among six investigated samples.

INTRODUCTION

Plants are natural factories for the production of chemical
compounds, many of which are used to promote health and
fight diseases and some of them are marketed as food or
herbal medicines. Herbal medicines have long been viewed
as a source of curative remedy based on religious and
cultural traditions (Ghosheh, Houdi, and Crooks, 1999).
There is increasing evidence that consumption of a variety
of phenolic compounds present in natural foods may lower
the risk of serious health disorders because of the
antioxidant activity of these compounds. Since ancient
times, herbs and spices have been added to different types
of food to improve the flavor and organoleptic properties.
Especially popular today is the concept of food that
combines nutritional and medicinal benefits, especially
antioxidant activity.

Reactive oxygen species (ROS) are often generated as by
products of biological reactions or from exogenous factors.
These reactive species exert oxidative damaging effects by
reacting with nearly every molecules found in living cells

including DNA, if excess ROS are not eliminated by
antioxidant system (Krotz, Sohn, Gloe, et al., 2002).

Nigella sativa L. (Black cumin) is an annual herbaceous
plant which belongs to family Ranunculaceae. The plant
commonly grows in the Middle East, Eastern Europe and
Western and Central Asia. This plant has been have been
extensively investigated in recent years, due to its notable
pharmacological properties (Dubick, 1986). It tastes
slightly bitter and peppery with a crunchy texture. Seeds
are angular, of generally small size (1-5 mg), dark grey
of black colour.

Seed oil of N. sativa is considered as health beneficial one
among newer sources of edible oils, thanks to its important
role in human nutrition
and health. This seed oil has been reported to possess
antitumor activity (Worthen, Ghosheh, and Crooks, 1998),
antioxidant activity (Burits, and Bucar, 2000), anti-
inflammatory activity (Houghton, Zarka, de la Heras, and
Hoult, 1995), antibacterial activity (Morsi, 2000) and
astimulatory effect on the immune system (Salem, and
Hossain, 2000).

*Parts of this paper have been presented as poster presentations at the 1X Meeting of Young Chemical Engineers, February 16-17 2012, Zagreb, Croatia.
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This investigation was undertaken to obtain information
about the phenolic composition of seeds of Nigella sativa L.
from market in Sarajevo, Bosnia and Herzegovina, and to
determine antioxidant activity of isolated extracts.

EXPERIMENTAL

Isolation

The seeds of Nigella sativa L. were grounded and
weighted in two portions of 20.0 g. Each portion has been
used for successive Soxhlet extraction, and ultrasound
extraction, using n-hexane and 96% ethanol as solvents
(Fig. 1). The solvents were evaporated using rotary
evaporator and crude extracts were dissolved in dimethyl
sulfoxide in concentrations 0.10-20.0 mg/mL.

Plant material Plant material

20g) (20 g)
Soxhlet Ultrasound
extraction extraction
Shrs 1hr
S-Et S-H U-Et U-H

(1,06 g) (1,16 g) (0,68 g) 0,73 g)

Figure 1: Extraction procedure.

S-Et, etanolic extraxt obtained by Soxhlet extraction; S-H, n-hexane
extract obtained by Soxhlet extraction; U-Et, etanolic extraxt obtained
by ultrasound extraction; U-H, n-hexane extract obtained by ultrasound

extraction.

TLC preliminary investigation

Preliminary investigation of extracts composition were
done by thin layer chromatography in toluene:ethyl acetate
(93:7), and  chloroform-acetone-formic acid (75:15:5)
systems, for terpenoids and phenolics, respectively.
Detection of sample components was done using vanillin-
sulfuric acid, Folin-Ciocalteu and DPPH (1,1-diphenyl-2-
picrylhydrazyl) reagents, and UV light. Thymoquinone,
thymol and p-cymene were used as standards.

Determination of phenolics

Total phenolic content was measured using Folin-
Ciocalteu spectrophotometric method (Singleton, and
Rossi, 1965), using gallic acid for calibration curve. Total
flavone and flavonol content has been measured by
spectrophotometric method using aluminum chloride as
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chromophore reagent (Woisky, and Salatino, 1998), using
quercetine for calibration curve. Total flavonone content
was measured using colorimetric method with 2,4-
dinitrophenylhydrazine as specific chromophore for
carbonyl compounds (Nagi, and Grancai, 1996), and
naringenin was used for calibration curve.

Antioxidant activity

Radical scavenging activity of these samples was
examined using two  methods, 1,1-diphenyl-2-
picrylhydrazyl (DPPH), (Cavar, Maksimovi¢, Soli¢, et. al.,
2008), and 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic
acid), (ABTS) test (Cavar, Maksimovié, Vidic, et al., 2012).

Reducing power of these samples was examined by
reducing ferric (Cavar, Maksimovi¢, Vidic, et al., 2012),
and molybdenum (Pisoschi, Cheregi, Danet, 2009) cations.

All tests were performed in triplicates, and results are
presented as 1Cs, values that indicate the concentration of
extracts that reduces the 50% of radical, or transition metal.
Thymoquinone and p-cymene were used as standard
probes.

RESULTS AND DISCUSSION

Soxhlet and ultrasound extraction were employed for
isolation of extracts of N. sativa seeds, with ethanol and n-
hexane as solvents, and four extracts were obtained: S-Et
(Soxhlet etanolic extract; yield: 5.30 %), S-H (Soxhlet n-
hexane extract; yield: 5.38 %), U-Et (ultrasound ethanolic
extract; yield: 3.38 %), and U-H (ultrasound n-hexane
extract; yield: 3.64 %).

Preliminary investigation was done by thin layer
chromatography (TLC) which has proved its worth as a
simple, inexpensive method for the chemical and biological
screening of plant extracts. Detection of natural products
was done by spraying TLC plates with vanillin-sulfuric acid
reagent, and for phenolic compounds using Folin-Ciocalteu
reagent (Stahl, 1969). Positive detections were blue spots
on white background (Fig. 2). The TLC plate with samples
is developed with the elution solvent and dried. It is then
sprayed with a DPPH solution. The plate is examined in
daylight. Active (free-radical scavenging) compounds
appear as yellow-white spots against a purple background
(Marston, 2011).

B

%

SH UEt UH pC T TQ SEt SH UEt UH
(©)

Figure 2: Thin-layer chromatograms of extracts of N. sativa.
(a) Vanilin-sulfuric acid reagent; (b) Folin-Ciocalteu reagent; (c) DPPH reagent; p-C, p-cymene; T, thymol; TQ, thymoquinone.
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Results from the spectrophotometric determination of
phenolic compounds were summarized in Table 1.

Table 1: The phenolic content of extracts of N. sativa.

Sample TP TF-id TF-0l x10°  TF-one x 10°
P mg GAE/g mg GAE/g mg QE/g mg NE/g
S-Et 31.1540.29 16.34+0.71 6.86+2.34 3.64+0.46
S-H 5.58+0.31 6.35+1.40 32.7+1.31 1.5240.16
U-Et 23.68+0.90 9.82+0.18 2.56+1.83 6.38+0.23
U-H 11.87+0.34 3.99+1.54 2.70£0.22 8.09+0.65

TP, total phenolics; TF-id, total flavonoids; TF-ol, total flavonols;
TF-one, total flavonones.

Total phenolic content varied from 5.58 + 0.31 to 31.15 +
0.29 mg GAE/g (gallic acid equivalent), for Soxhlet
etanolic and n-hexane extract, respectively, while total
flavonoid content varied from 3.99 + 1.54 to 16.34 = 0.71
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mg GAE/g, for ultrasound n-hexane and Soxhlet etanolic
extract, respectively.

These results are expected due to the different polarity of
used solvents. Ethanol is a polar solvent and extracts polar
compounds. These results are consistent with the results
Mariod et al. (2009), who also performed a determination
of the total content of phenolic compounds in this plant. In
comparison with results concerning n-hexane extracts,
presented results are significantly lower than those
published earlier (Martos, Mohamady, Fernandez-Lopez, et
al., 2011). While, alcohol samples showed results
comparable with those found in the literature (Tubesha,
Igbal, and Ismail, 2011).

Total flavone and flavonol content were ranged from
(2.70 + 0.22) x 10®° to (32.7 + 1.31) x 10®° mg QE/g
(quercetin equivalent). This result is consistent with these
found in the literatue (Tubesha, Igbal, and Ismail, 2011).

Total flavonone content varied from (1.52 + 0.16) x 10°
to (8.09 + 0.65) x 10° mg NE/g (naringenin equivalent). To
the best of our knowledge, there is no data concerning the
the content of total flavanones in this plant species.
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Figure 3: Progress of antioxidant activity of extracts of N. sativa.
(a) DPPH test; (b) ABTS test.

Antioxidant activity (Table 2) of isolated extracts as well
as p-cymene and thymoquinone, as constituents of extracts,
was examined by four different testing methods.

Figure 3 presents the progress of antioxidant activity of
examined samples in concentration of 1.0 mg/mL tested by
DPPH and ABTS methods.

The ability of samples to reduce stable DPPH radical,
presented as 1Cs, values, were ranged from 0.70 + 0.0.01
mg/mL, for thymoquinone, to 129.65 + 1.67 mg/mL,
for p-cymene. Moreover, thymoquionone showed the
lowest IC5, values in the reduction of stable ABTS radical,
while p-cymene showed the highest. Extracts of seeds of N.
sativa revealed promient antioxidant activity in comparison
with these two natural compounds.

However, the ability of samples to reduce molybdenum
cations (Table 2), presented as ICs, values, were ranged
from 12.90 + 0.29 mg/mL, for U-Et, to 346.84 + 8.57
mg/mL, for p-cymene. Moreover, thymoquionone showed
the lowest ICs, value in reduction of ferric cations (20.23 +

0.23 mg/mL), while again p-cymene revealed the lowest
reduction potential (155.48 + 9.48 mg/mL).

Table 2: Antioxidant activity of extracts of N. sativa.

DPPH ABTS RP-Fe RP-Mo
Sample 1Cs I1Cs 1Cs 1Cs

(mg/mL) (mg/mL) (mg/mL) (mg/mL)
S-Et 1.98+0.08 14.02+0.62 68.21+1.11 13.38 +£0.54
S-H 12.04+0.60 17.01+£0.64 71.78+0.81 51.88+0.64
U-Et 3.01+0.03 16.79£1.05 29.31£0.94  12.90+0.29
U-H 8.177+0.11 18.67+1.54 73.32+£3.91 25.4540.59
p-C 129.651.67  165.65+16.43  155.48+9.48 346.84+8.57
TQ 0.70+0.01 6.07+0.57 20.23+0.23  39.98+2.12
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In general, among examined estracts, ethanolic extracts
revealed the lowest ICs, values that indicate the best
antioxidant activity, compared with thymoquinone, an
already known natural antioxidant (Milos, and Makota,
2012). This can be explained by the fact of high content of
phenolic compounds found in these extracts.

Although DPPH and ABTS methods were based on the
same principle; data obtained from ABTS assay are lower
than those obtained from DPPH assay, but comparable.
This is probably due to the steric factors that are one of the
major factors for reducing of stable DPPH radical.
Moreover, the I1Cs, values obtained from these two radical
methods are much lower than I1Cs, values obtained from the
methods of reduction of transition metals, iron and
molybdenum.

The transition metal ions possess the ability to move
single electrons by virtue of which it can allow the
formation and propagation of many radical reactions even
starting with relatively non-reactive radicals. The main
strategy to avoid generation of reactive oxygen species is
associated with redox active metal catalysis involves
chelating of the metal ions.

However, presented results are in the agreement with
those found in the literature (Khattak, Simpson, and
lhasnullah, 2008; Bourgou, Ksouri, Bellila, et al., 2008) and
they suggest further analysis on chemical composition of
the plant extracts in order to identify compounds with
antioxidant properties.

CONCLUSIONS

To the best of our knowledge, this is the first study
providing data on phenolic compounds and antioxidant
activity of extracts of seeds of Nigella sativa L. found in the
market in Sarajevo, Bosnia and Herzegovina. The samples
obtained from investigated plant species are quite
interesting from a pharmaceutical standpoint because of its
prominent antioxidant properties.
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Summary/Sazetak

Nigella sativa L. je godi$nja zeljasta biljka koja pripada obitelji Ranunculaceae. Biljka obi¢no raste na Bliskom Istoku, Isto¢noj Europi i
zapadnoj i sredi$njoj Aziji. Zbog svojih znacajnih farmakoloskih svojstava ova biljna vrsta je intenzivno istraZivana u posljednjih
nekoliko godina. Ovaj rad predstavlja odredivanje sadrzaja fenolskih spojeva i antioksidacijske aktivnosti u ekstraktima dobivenih iz
sjemenki N. sativa, koriste¢i Soxhlet i ultrazvucnu ekstrakciju. Ukupan sadrzaj fenolskih spojeva odreden je spektrofotometrijskom
Folin-Ciocalteau metodom, i on varira od 11.867 + 0.338 do 31.148 + 0.293 mg GAE/g. Antioksidacijska aktivnost ekstrakata ispitana je
pomocu Cetiri spektrofotometrijske metode. Dvije metode su bazirane na reduciranju slobodnih radikala, 1,1-difenil-2-pikrilhidrazil i
2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonska kiselina), a dvije na reduciranju prelaznih metala, Zeljeza i molibdena. Svi ispitivani

uzorci su pokazali zna¢ajnu antioksidativnu aktivnost, osim p-cimena. Timokinon i etanolni ekstrakti su pokazali najbolje rezultate.
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Abstract: A new neutral complex has been synthesized in reaction of [RuClg]*> with
formamide in mixed solvent ethanol-water (10:1). Obtained olive green substance was
characterized by mass spectrometry, CHN elemental analysis, IR and UV-VIS
spectroscopy. Based on experimental data, compound was formulated as
[RuCIl3(HCONH,)5]x0,5C,HsOH. Relative molecular mass of synthesized compound was
determined by MALDI-TOF mass spectrometry as adduct with K* ion to have value of
382.8485. IR spectrum of formamide, indicates coordination through the amide carbonyl
oxygen, which is indicated by shift of carbonyl absorption from 1681 cm™ in free
formamide to 1636 cm™ in synthesized compound. UV-VIS spectrum of synthesized
compound in water shows LMCT absorption centered around 300 nm. Hydrolytic profile
indicates that compound hydrolyses with fast exchange of first chloride ion with water

molecule.

INTRODUCTION

In recent decades, complexes of Ru(lll) are being
intensively studied because of their potential use as
antitumor (Keppler et al, 2003.) and antibacterial agents
(Bolhuisa et al 2011.), their electrontransfer mediating
properties (Turkusic et al, 2012), which qualifies them for
the design of new electrochemical sensors, and because of
their catalytic properties (Kahrovi¢ et al, 2003.). Ru(lll)
complexes with simple amides are poorly explored group of
compounds, since the RuCI;x3H,0 catalytically cleaves
amides, and only two crystal structures are reported (Judd et
al, 1995; Levason et al, 1997). A number of other metal
complexes with simple amides are known and they are
neutral adducts obtained from metal salt in direct reaction
with formamide (Yilmaz, and Topcu, 1997). Formamide as
ligand has potential two donor atoms, but coordination
through carbonyl oxygen is preferred. There are some

reports in which the formamide acts as bridging ligand
through carbonyl oxygen (Betz and Bino, 1988.).

The study of Ru(lll) complexes with amides is of special
interest, considering that amides contain peptide link in
their structure, and study their interactions with the Ru(ll)
may give insight into the interaction of Ru(lll) with
proteins. Due the facts named above, Ru(l1l) complex with
formamide was synthesized from hexachlororuthenate(lll),
in order to override catalytic effect of RuCI;x3H,O on
cleavage of amides.

EXPERIMENTAL
Materials
All chemicals are purchased from commercial sources

and used without any purification with exception of
formamide which is purified by distillation.
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Preparation of the complex

Complex was prepared in reaction of [RuClg]® with
formamide in molar ratio of 1:10, in mixed solvent ethanol
— water (10:1)

Starting compound [(CH3),NH,]5[RuClg]x[(CH5),NH,CI,
which contains [RuClg]” ion, was synthesized by literature
procedure (Kahrovi¢ et al, 2003.) and used for synthesis
without any purification.

Reaction was carried out by heating the reaction mixture
under reflux at temperature 60 — 70 °C for several hours.
Olive green product of synthesis was filtered out after
cooling the reaction mixture to the room temperature.

The amount of 02 g (038 mmol) of
[(CH3),NH,]5[RuClg]x(CH3),NH,Cl was suspended in 10
mL of absolute ethanol and mixture was refluxed for 2
hours at 60 — 70 °C. Volume of 0.15 mL (3.8 mmol) of
redistilled formamide was added to the suspension and
mixture was further refluxed for 3 hours at same
temperature, afterwards 1 mL of water was added with
additional reflux for 2 hours. System was cooled to the
ambient temperature and olive green solid was filtered out.
Yield 21,6%.

Instrumental methods

Synthesized compound was characterized by MALDI-
TOF mass spectrometry, CHN analysis, IR and UV-VIS
spectrometry. Mass spectrum was recorded on MALDI-
TOF/TOF mass spectrometer (4800 Plus MALDI TOF/TOF
analyzer, Applied Biosystems Inc.) equipped with Nd:YAG
laser operating at 355 nm with firing rate 200 Hz in the
negative ion reflector mode. CHN analysis was performed
on Perkin Elmer 2400 Series 1l CHNS analyzer. The
infrared spectra were recorded as KBr pellets on a Perkin
Elmer spectrum BX FTIR System in the region 4000-400
em™. UV/Vis spectra and hydrolysis were recorded on
Perkin Elmer lambda 35 spectrophotometer.

RESULTS AND DISCUSSION

Novel neutral olive green complex was formulated as
[RuCl;(HCONH,);]x0,5C,HsOH based on CNH analysis
and mass spectrometry results.

The synthesis was carried out in order to examine the
possibility of obtaining a defined product in reaction of
[RuClg]* with formamide. Isolation of synthesized non
ionic compound was triggered by addition of water
molecules, and even though, the yield was pretty poor.
Further  investigation of the reaction between
hexachlororuthenate(lll) and formamide also has to
improve yield of the product.

IR spectra of complex compared to IR spetra of
formamide (Figure 1) showes shift of the stretching
frequency v(C=0) from 1681 cm™ in free formamide to
1634 cm™ in complex which indicates coordination of
formamide to Ru(l1l) through carbonyl oxygen atom.

This assumption is also confirmed by shift of C—N bond
stretching frequency v(C—N) towards higher values of wave
numbers, from 1311 cm™ in free formamide to 1327 cm™ in
complex and 8(NH,) shift from 1606 cm™ in formamide to
1564 cm™ in complex. Weak isolated absorption at 3737
cm™ in spectrum of complex is assigned to isolated
hydroxyl group which confirms that complex is isolated as
ethanol solvate.

Dugandzi¢ and Kahrovié¢

95.6

Formamide

Figure 1: Comparative IR spectra of [RuCl3(HCONH,);]x0,5C,HsOH
and formamide.

UV-VIS spectrum of synthesized complex in water shows
Cl—Ru charge transfer absorption at 301 nm, which is in
accordance with literature data for chloro-Ru(lll)
complexes. Hydrolytic profile (Figure 2) shows that
synthesized complex rapidly hydrolyses with fast loss of
first chloride.

0.40
035
0.30
0.25

A0.20
0.15
0.10

0.05

200 600 700

Figure 2: Hydrolytic profile of [RuCls(HCONH,)3]x0,5C,HsOH in 20
minutes.

Hydrolytic profile of [RuCIl3(HCONH,);]x0,5C,HsOH
does not show significant resistance towards hydrolysis
compared with hydrolytic profile of [RuClg]* which is in
agreement with the fact that formamide is not ligand with
strong coordination abilities, and stabilization of [RuClg]*
is moderate.

Analytical and spectral characteristics of the novel
compound are given below.
Trichlorotriformamideruthenium(l11): MALDI-TOF
(m/z): [M+K]" calcd for C3H4ClsN3O5Ru, 382.8367; found,
382.8485.; Anal. calcd for
[RuCI3(HCONHS,)3]x0,5C,HsOH: C 12.67, H 3.52, N 11.08.
Found: C 13.14, H 3.31, N 11.49.; IR data for formamide
(KBr, cm™) 1681 s [v(C=0)], 1311 [v(C-N)], 1606
[6(NH)]; IR data for [RuCl3(HCONH,)3]x0,5C,HsOH
(KBr, cm™) 1634 s [v(C=0)], 1327 [v(C-N)], 1564
[6(NH,)]; UV-VIS (H;0) LMCT |5 301 nm

CONCLUSIONS

Novel neutral complex of Ru(lll) with formamide was
synthesized from [RuClg]* as starting compound. Based on
analytical data complex was  formulated as
[RuCl3(HCONH,);]x0,5C,Hs0OH. Formamide is
coordinated to Ru(lll) through carbonyl oxygen. New
synthetic pathway in which formamide complex with
Ru(lll) is synthesized from anionic octahedral complex
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[RuClg]* is significant and shows that [RuClg]* can be used
as good starting material for synthesis of Ru(l11) complexes
with amides in order to override catalytic effect of
RuCl;x3H,0, as the most used starting compound for
synthesis of Ru(l11) complexes, on cleavage of amides.
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Sintetiziran je novi neutralni kompleks u reakciji [RuClg]* sa formamidom u mjesovitom rastvaradu etanol-voda (10:1). Dobivena

maslinasto zelena supstanca karakterizirana je masenom spektrometrijom, CHN analizom, IR i UV-VIS spektroskopijom. Na osnovu

eksperimentalnih podataka spoj je formuliran kao [RuCl;x(HCONH,);]x0,5C,HsOH. Relativna molekulska masa sintetiziranog spoja

odredema je MALDI-TOF masenom spektrometrijom kao adukt sa K™ jonom i ima vrijednost 382.8285. IR spektar sintetiziranog spoja,

u poredenju sa IR spektom formamida, ukazuje na koordinaciju preko karbonilnog kisika iz formamida, $to je potvrdeno pomakom

karbonilne apsorpcije sa 1681 cm™ u formamidu na 1636 cm™ u sintetiziranom spoju. UV-VIS spektar sintetiziranog spoja u vodi

pokazuje LMCT apsorpciju centriranu oko 300 nm. Hidroliti¢ki profil ukazuje da spoj podlijeze hidrolizi uz brzu zamjenu prvog

hloridnog jona molekulom vode.
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Abstract: The interest in polyphenolic antioxidants has increased remarkably in the last
decades due to of their elevated capacity in scavenging free radicals associated with

various human diseases. Previously, some fruits were shown to contain high antioxidant

Keywords:
total phenolic content,
antioxidant capacity,

activities. Fifteen fruit juices were analyzed for total phenolic content and antioxidant
capacity (oxygen radical absorbance capacity, ORAC). The total phenolic content (TPC)

fruit juices, was measured by Folin-Ciocalteu assay and gallic acid used as standard. TPC varied from
Folin-Ciocalteu method, - -
ORAC test 7.3 mg GAE/100 mL for aloe vera juice to 71.8 mg GAE/100 mL for cranberry juice. The

value of antioxidant capacity was determined by ORAC test, using 2,2'-azobis(2-amidino-

propane) dihydrochloride as reactive species and Trolox as a standard. Obtained values
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antioxidant activity.

were from 27.1 umol TE/100 mL for aloe vera juice to 1271.8 pmol TE/100 mL for black
currant juice. Results from the present study suggest further analysis on chemical
composition of samples in order to identify compounds that might be responsible for

INTRODUCTION

Phenols are aromatic compounds containing one or
several hydroxyl groups directly attached to the benzene
ring. According to the number of hydroxyl groups, phenols
are classified as dihydric, trihydric and polyhydric. By the
year 2005, thousands of polyphenolic compounds have
been isolated from plants (Prior, 1995). There are many
spectrophotometric methods for the quantification of
phenolic compounds in plant materials. Based on different
principles, these methods are used to determine various
structural groups present in the phenolic compounds.
Spectrophotometric  methods  enable  either  the
quantification of all extracted phenolics as a group (Swain,
and Hillis, 1959; Price, and Butler, 1977; Earp et al., 1981),
or the quantification of specific phenolic substances such as

sinapine (Tzagoloff, 1963) or the sinapic acid (Naczk, et al.,
1992). Spectrophotometric methods are also used in the
quantification of a whole class of phenols such as phenolic
acids (Price, et al, 1978; Mole, and Waterman 1987; Naczk,
and Shahidi, 1989; Brune, et al, 1991).

Some of the most commonly used assay methods for
phenolic compounds include the modified vanillin test
(Price, et al., 1978), the Folin-Denis assay (Swain, and
Hillis, 1959), the Prussian blue test (Price, and Butler,
1977) and the Folin-Ciocalteu assay (Maxson, and Rooney,
1972; Hoff, and Singleton, 1977; Earp et al, 1981,
Deshpande, and Cheryan, 1987). The antioxidant capacity
can be measured in pure substances as well as in mixtures
of different samples of herbal and animal origin, such as
plasma, blood, tissues homogenates of fruits and
vegetables, juices and other foods. There are many methods
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for measuring of total antioxidant capacity (AC), but in
literature the most often cited are the following three:
FRAP - Ferric Reducing Antioxidant Power (Benzie, and
Strain, 1996), ORAC - Oxygen Radical Absorbance
Capacity (Cao, and Prior, 1999), and TEAC - Trolox
Equivalent Antioxidant Capacity (Rice-Evans, and Miller,
1994). Based on the reaction mechanism involved, major
antioxidant capacity assays can be roughly divided into two
categories (Huang, et al., 2005): hydrogen atom transfer
(HAT) and single electron transfer (ET) reaction based
assays. Most HAT-based assays monitor competitive
reaction kinetics and the quantification is derived from the
kinetic curves. Generally, these assays are composed of a
synthetic free radical generator, an oxidizable molecular
probe and an antioxidant. The aim of this study is to
quantify the total phenolic content (TPC) and the
antioxidant capacity (AC) in fresh juice of the following
fruits: blueberry (Vaccinum myrtillus L.), cranberry
(Vaccinum macrocarpon L.), black currant (Ribes nigrum),
red currant (Ribes rubrum), red and white grapes (Vitis
vinifera L .), red orange (Citrus sinensis L.), lemon (Citrus
limonia L.), lime (Citrus aurantifolia L.), grapefruit (Citrus
paradisi L.) kumquats (Fortunella), black chokeberry
(Aronia melanocarpa L.), aloe vera (Aloe vera L.), apple
(Malus pumila) and pomegranate (Punica granatum).

EXPERIMENTAL

Samples

Samples of blueberries, cranberry, black currant, red
currant, red grape, white grape, red orange, lemon, lime,
grapefruit, cumquat, commercial chokeberry, commercial
aloe vera and pomegranate,were purchased from local
markets.

Sample preparation

One mL of fresh juice from samples was diluted up to the
volume of 25 mL. Part of solution was centrifuged at
15000 rpm for 20 minutes at 4°C. Supernatant solution was
used for analysis. Also, non-centrifuged juices were
analyzed.

Determination of total phenolic content

The total phenolic content (TPC) was determined by
spectrophotometry, using gallic acid as a standard,
according the method described by Singleton and Rossi
(1965). Briefly, 0.2 mL of the diluted sample extract was
transferred in tubes containing 1.0 mL of a 1/10 dilution of
Folin-Ciocalteu’s reagent in water. After waiting for 10
minutes, 0.8 mL of a sodium carbonate solution (7.5% w/v)
was added to the sample. The tubes were then allowed to
stand at room temperature for 30 min before absorbance at
743 nm was measured. The TPC was expressed as gallic
acid equivalents (GAE) in mg/100 mL of fruit juice. The
concentration of polyphenols in samples was derived from a
standard curve of gallic acid ranging from 0.2 to 4 mg/L.

Oxygen Radical Absorbance Capacity (ORAC) Assay
The Oxygen Radical Absorbance Capacity (ORAC) assay
measures the antioxidant scavenging function against
peroxyl radical induced by 2,2'-azobis(2-amidino-propane)
dihydrochloride (AAPH). Fluorescein is used as a
fluorescent probe. The loss of fluorescence of fluorescein is
an indication of the extent of damage from its reaction with
the peroxyl radical (Cao, and Prior, 1999). The total

Keskin-Sasi¢ et al.

reaction mixture of 100 uL of diluted supernatants of juices,
50uL solution of fluorescein (0.32 uM), and 1650 pL of
water was incubated at 37 °C for 15 min. After the
incubation, 200 pL of AAPH (320 mM) was added rapidly
to start the reaction. The fluorescence was recorded every 5
min until relative fluorescence intensity of fluorescein was
near to zero. Calibration of solutions of (&)-6-hydroxy
2,5,7,8-tetramethylchromane-2-carboxylic acid  (Trolox)
(0.1; 0.25; 0.5; 0.75, and 1 uM) were carried out. The final
ORAC values were calculated using a linear equation from
calibrated curve. ORAC values were expressed as pmol
Trolox equivalents (TE) per 100 mL of fruit juice.

RESULTS AND DISCUSSION

Total phenol content (TPC) in fruit juices was determined
spectrophotometrically according to the Folin-Ciocalteu
colorimetric method (Singleton & Rossi, 1965) using gallic
acid as the standard. Maximum wavelength for blue colored
complex was at 743 nm. After determination of the Ay Of
colored complex the absorbances of all standards were
taken to construct a calibration curve (Fig. 1).

y = 0,4041x + 0,0039
R? = 0,9911

0,0 05 1.0 1.5 2,0 25 30 35 4.0 45
Gallic acid (mg/L)

Figure 1: Calibration curve for gallic acid.

TPC was determined in 15 different fruit samples, first in
non-centrifuged and then in centrifuged samples according
to previously written procedure. As shown in Table 1
values for TPC varied from 6.16 to 71.76 mg GAE/100 mL.
The highest TPC was in non-centrifuged (66.1 mg
GAE/100 mL) and centrifuged sample (71.76 mg GAE/100
mL) of cranberry. The lowest TPC was in non-centrifuged
(6.16 mg GAE/100 mL) and centrifuged (7.32 mg GAE/100
mL) sample of aloe vera.

Blueberries are a rich source of phenolic compounds such
as phenolic acids and flavonoids. Literature value for TPC
in blueberries ranges from 430 to 1990 mg GAE/kg of fresh
fruit (Ehlenfeldt, and Prior, 2001). TPC values in
blueberries measured in this work were 30.89 and 30.94 mg
GAE/100 mL. For statistical analysis of the data t-test was
used. The t-test showed statistically lower mean TPC
values in non-centrifuged samples of nine fruits
(cranberry, lemon, grapefruit, red orange, black
chokeberry, black grapes, lime, apple and aloe vera) than
in centrifuged samples (p”'<0.001). For the other six
sorts of fruits (black and red currant, blueberry,
kumquat, pomegranate and white grapes) the mean TPC
values were higher in non-centrifuged than in
centrifuged samples (p”<0.05).

Measurement of antioxidant capacity (AC) was performed
by manual ORAC method (Cao and Prior, 1999). Maximum
of excitation (Aym=485 nm) and emission (Ay=520 nm)
wavelengths were determined using trolox as a standard.
After determination of wavelengths for excitation and
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emission relative fluorescence intensity of all concentration
of trolox was used to construct a calibration curve (Fig. 2).

Table 1: Total phenolic content in investigated samples.

Table 2: Antioxydant capacity in investigated samples

Non-centrifuged sample  Centrifuged sample

Non-centrifuged

Centrifuged samples

Sample (mg GAE/100mL) (mg GAE/100mL)

Cranberry 66.61 71.76
Red currant 40.80 30.40
Black currant 37.20 36.72
Blueberry 32.89 30.94
Lemon 31.85 47.20
Grapefruit 30.60 45.12
Red orange 21.54 35.10
Black chokeberry 20.70 35.48
Black grapes 17.50 21.54
Kumquat 15.02 11.65
Lime 14.83 28.13
Pomegranate 12.23 10.22
White grapes 11.68 8.63
Apple 9.75 15.8
Aloe vera 6.16 7.32
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Figure 2: Calibration curve for trolox.

Determination of AC in 15 different fruit samples was
carried out first for non-centrifuged and then for centrifuged
samples with peroxyl radicals generated from AAPH and
result are shown in Table 2. As shown in Table 2, there
were big differences in antioxidant capacity between
selected samples. The AC values varied from 27.07 to
1271.8 pmol TE/100 mL.

The highest value for AC was in black currant (1271.8
umol TE/100 mL) and lowest in aloe vera (27.07 umol
TE/100 mL). For non-centrifuged sample the highest value
for AC was in black chokeberry (1086.6 umol TE/100 mL)
and lowest in white grapes (30.82 pmol TE/100 mL). The t-
test showed statistically significant higher mean AC
values in non-centrifuged than in centrifuged samples of
nine sorts of fruits (black chokeberry, apple, cranberry,
pomegranate, blueberry, lime, lemon, aloe vera and red
orange (p~ <0.01). For other six sorts of fruits (red and
black currant, black and white grapes, kumquat, and
grapefruit) the mean AC values were higher in
centrifuged than in non-centrifuged samples, but no
stastically significant difference was evident (p>0.05).

In a living system, phenolic compounds, some enzymes,
peptides and vitamins serve as protection agents against
oxidative damage caused by free radicals and are called
antioxidants. Consumption of foods rich in this type of
compounds have resulted in an increase in total antioxidant
capacity (AC) in the blood plasma of people (Cao, & Prior,
1999; Sofi¢ et al., 2005). As one potential source, plant
phenols have primary antioxidant activity (Shahidi &
Wanasundara 1992).

Sample samples ORAC
ORAC (umol TE/100 mL)
(umol TE/100 mL) K
Black chokeberry 1086.60 666.60
Black currant 500.80 1271.80
Red currant 422.60 540.50
Apple 389.40 196.40
Cranberry 379.70 336.60
Pomegranate 340.50 151.40
Blueberry 297.80 206.80
Lime 285.10 111.90
Lemon 223.10 125.90
Grapefruit 105.04 200.30
Aloe vera 81.35 27.07
Red orange 71.72 35.68
Black grapes 58.60 94.30
Kumquat 38.16 133.50
White grapes 30.82 31.10
4 N\
4
/

BTPC non-centrifuged samples (MgGAE/100mL)

BTPC centrifuged sample (mgGAE/100mL)

BAC of non-centrifuged sample (umol TE/100mL)
\_ DOAC centrifuged samples (umol TE/100mL) J

Figure 3: Total phenolic content and antioxidant capacity of fruit
juices.

In summary, TPC and AC of 15 samples of fruit juices
that is non-centrifuged and centrifuged was determined by
the Folin-Ciocalteu method and ORAC assay with peroxyl
radical generator. Black currant and black chokeberry
showed the highest value of an antioxidant capacity but
they have lower content of TPC than cranberry. Among all
of this samples aloe vera showed lowest content of TPC and

lowest value for AC.

CONCLUSIONS

Proteins residing in solutions of non-centrifuged samples

increased the antioxidant capacity of those fruits. The
influence of the preparation procedure on the total
phenolic content and antioxidant capacity for each
sample remains a subject for further research.
There is no linear corelation between the total phenol
content and antioxidant capacity in neither the centrifuged
nor in non-centrifuged samples. Our findings suggest that
further studies should be conducted with non-centrifuged
samples as such produce higher AC values.
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Interes za antioksidante polifenolske prirode se povecao zadnjih decenija zbog njihove sposobnosti hvatanja slobodnih radikala,

povezanih sa razli¢itim bolestima. Od ranije je ve¢ poznato da voée posjeduje visok sadrzaj antioksidanata. Petnaest razli¢itih voénih

sokova je analizirano na sadrzaj ukupnih fenola i antioksidativnu aktivnost. Ukupni fenolski sadrzaj odreden je Folin-Ciocalteu

metodom, uz upotrebu galne kiseline kao standarda. Vrijednosti variraju od 7.3 mg GAE/100 ml za sok od aloe vera do 71.8 mg

GAE/100 ml za sok brusnice. Vrijednost antioksidativnog kapaciteta odredena je ORAC testom, koriste¢i 2,2 '-azobis (2-amidino-

propan) dihidrohlorid kao reaktivnu vrstu i troloks kao standard. Dobivene vrijednosti su od 27.1 mmol TE/100 ml za sok od aloe vera

do 1271.8 mmol TE/100 ml za sok crne ribizle. Rezultati ovog istrazivanja ukazuju na daljnju analizu hemijskog sastava uzoraka kako bi

se identificirali spojevi koji bi mogli biti odgovorni za antioksidativnu aktivnost.
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