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Laurocerasus officinalis Roem. is a summer fruit highly characteristic of the Black Sea region. The
edible parts of the fruit were tested for chemical composition and antioxidant properties. Total moisture,
ash, protein, sugar, pectin, ascorbic acid, phenolic, and mineral contents of the fruit were determined.
The antioxidant activity of the fruit was investigated using TLC plate and ferric thiocyanate methods.
Its antioxidative character was also tested utilizing hydroxyl, DPPH, and superoxide radical scavenging
activity measurements, using BHT, vitamin C, and Trolox as references. Besides being a good source
of nutrients, L. officinalis was found to provide a rich source of protective antioxidant compounds. Its
antioxidant and radical scavenging activities were comparable to or higher than those of the reference
antioxidants. It appeared to have high mineral content. The concentrations of macroelements K, Mg,
Ca, and Na were high at 2215 4+ 10.5, 179 4+ 11, 153 + 0.8, and 55 + 0.3 mg/kg, respectively, and
the concentrations of trace elements Mn, Fe, Zn, and Cu were 24.2 + 1.3,8.3 £ 0.8, 1.9 + 0.2, and
0.8 £ 0.1 mg/kg, respectively. In addition, the fruit showed very low contents of Pb, Ni, Co, and Cr,
below the detection limits, which is considered to be a good food quality. As it is a rich source of
protein, sugar, ascorbic acid, minerals, and antioxidants, L. officinalis is well worth further studies
regarding its components possessing important health benefits and inclusion in the daily diet.
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INTRODUCTION of desertification due to its evergreen nature, and its leaves
Laurocerasus officinali®oem. (family Rosacae) [syrPadus present an alternative use in landscape architecture. The fruit is
laurocerasus(L.) Miller, Cerasus laurocerasugL.) Lois consumed directly both fresh and dried as well as in the form

Laurocerasusulgaris Carr.] (1), cherry laurel, locally named ~ ©fjam, pulp, marmalade, and drinks)(L. officinalis, as many
karayemis, is a summer fruit highly characteristic of the Black Plants do, can synthesize aromatic substances, most of which
Sea region and known for its unique taste and ethnopharma-aré phenols or their oxygen-substituted derivatives.
cological uses including its diuretic and antidiabetic properties  The phenolic content and composition of fruits and vegetables
and for treatment of stomach ulcers, digestive system problems,depend on genetic and environmental factors as well as post-
bronchitis, eczemas, and hemorrhoigs-4). L. officinalis, also harvest processing conditior (Plant phenolics are the largest
known as taflan or wild cherry, is of the fruits of tiéficinalis class of plant secondary metabolites, which, in many cases, serve
species in the Rosaceae family and Prunoideae subfamily. It isin plant defense mechanisms to counteract reactive oxygen
produced in the eastern Black Sea region of Turkey, some of species (ROS) in order to survive and prevent molecular damage
the Balkans, Northern Ireland, western Europe, southern andand damage by microorganisms, insects, and herbivaies (
western Caucasia, Iran, eastern Marmara, and some MediterThey are primarily synthesized by pentose phosphate (PPP),
ranean countries and is widely consumed in the eastern Blackshikimate, and phenylpropanoid pathways (8). The existence
Sea region. of phenolics and other antioxidant components in various forms
The cherry laurel tree is an evergreen plant of 6 m height as soluble or attached to membranes or cell walls renders their
with ovoid dark purple to blackish fruits-80 mm in diameter  extraction a problematic issue. Plant phenolics are found mainly
(1). Plantings oL. officinalis contribute to reduction of the risk  in vacuoles. The antioxidant activity of phenolics is related to
a number of different mechanisms such as free radical scaveng-

32; C?i’?g%sr)ondir_\lg akutholzcgiltephgﬁwt )0 462 377 36 51; fax-90 462 ing, hydrogen donation, singlet oxygen quenching, metal ion
, e-mall mkKucu u.eau.tr). . . .
T Karadeniz Technical University. ch_elatlon, and acting as a su_bstrate fo_r radl_cals such as super-
8 Cumhuriyet University. oxide and hydroxide (6). A direct relationship has been found
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between the phenolic content and antioxidant capacity of many (21). The amount of ascorbic acid was determined according to an
fruits and vegetables. Plant antioxidants have also been showriodometric method42), and the results were expressed as milligrams
to present synergy9j. Ascorbic acid, the most well-known Per100g of wet fruit. Protein content was determined by a semiauto-
antioxidant, is an important molecule in plant tissues and protects Matic micro-Kjeldahl assay. The protein content, assuming all of the
plants against oxidative damage resulting from the oxidant nitrogen (N) is of protein origin, was calculated by multiplying total N

metabolites of bhotosvnthesis and aerobic processs with 6.25. Pectin content was determined according to a method widely
Because oxidati\?e stresys is well-known to causg many d%se(ase used in the literature2@). Total water-soluble phenolic content was

it - : Setermined with Folir-Ciocalteu reagent according to the method of
(11), scientists have become more interested in natural sourcessjinkard and Singleton (24) using-catechin as standard.

to fight it, looking for active components of plants in this respect  petermination of Mineral Contents. The samples were digested

in the recent yearsl, 13). Antioxidants, which can inhibit or by wet oxidation and dry-ashing methods. About 100 g of edible fruit
delay the oxidation of an oxidizable substrate in a chain reaction, was transferred to a glass bottle, and 40 mL of concentrated HNO
therefore appear to be very important in the prevention of theseand 30 mL of concentrated HCI were added; the mixture was then
diseases. Several methods have been developed in recent yeahgated under reflux for 45 min at 1TC. After the digestion of all,

to evaluate the total antioxidant capacity of biological samples the mixture volume was completed to 250 mL with deionized distilled
(14—17). The basis of most of these methods relies on q Water and analyzed by using a GBC 903 AAS model atomic absorptlor_l
substrate that is oxidized in the procedures, and oxygen spectrometer. In the dry-ashing method, the wet sample was ashed in

. T ; . a furnace at 55& 25 °C. The resulting white ash was then dissolved
consumption, oxidation products, or substrate loss is monitored;, 5 | of HCI (1:1 diluted, viv). The residue was dissolved in

in different manners by various methodssy. deionized distilled water, and the volume was completed to 50 mL.
Other widely used methods for measuring antioxidant activity The samples were quantified against standard solutions of known
involve the generation of radical species, and the radical mineral concentrations that were analyzed concurrently.
concentration is monitored as the present antioxidants scavenge Determination of Antioxidant Capacity. The antioxidant capacity
them (19). Five different antioxidant activity measurement of L. officinalis extracts was examined by comparing to the activity of
methods emp|0ying the above-mentioned two approaches Weré(nOWITI an_tioxidants BHT, TI'.O|O).(, and ascorbic acid employing the
used in the experiments. In the thin-layer chromatorgphy (TLC fo!lowmg five complemen_tar_y in vitro assays: TLC plags) and ferric
plate method and ferric thiocyanate (FTC) method, linoleic acid thiocyanate (FTC)J6) antioxidant activity measurements and scaveng-
oxidation is followed. Radical formation and the following ing of DPPH @7), hydroxyl @8), and superoxide2p) radicals. First,

. lied in the th th thod hich a rapid evaluation of antioxidants was made using the TLC plate
Scavenging are applied in the three other methods, whic arescreening method, and the aqueous extracts, which gave the highest

1,1-diphenyl-2-picrylhydrazyl (DPPH), hydroxyl, and superox-  4ctivity in this method, were tested by the other methods.

ide radical scavenging activity. The DPPH radical scavenging  antioxidant Activity by Fluorescence Persistence TimeThe TLC
activity measurement method is somewhat limited in the respectpjate method of Chang et al2%) was slightly modified. A fluor-

that the results are dependent on the structure of the antioxidanescent-labeled silica TLC plate (silica gel 684 was dried at 1085C

test compoundi(8). A higher extract concentration required to for 30 min, and a %L aliquot from each sample (1.0 mg/mL) was

scavenge the radicals means lower antioxidant activity. spotted on the plate twice with a 1L semiautomatic pipet. The
Although amounts of sugar, vitamins, proteins, polyphenols, plate was then plunged into 3%-linoleic acid solution in hexane

pectin, tannin, amino acids, proteins, and important minerals Wice. drying in between. The dried plate was then placed 2.5 cm

of the fruit were earlier determined to some exte@)( thisis ~ S/0W & UV (254 nm) light source, and the background of the spots

the first t about th tioxidant activit d h . appeared within the first 2015 min under continuous irradiation.
e firstreport about the antioxidant aclivity and COmpreénensive e 1) ¢ plate was observed every 10 min under continuous irradia-

mineral content in the cultivated plants bof officinalis found tion, and the time each fluorescent spot disappeared was considered
in Turkey. The purpose of this study was to determine the o pe the induction period for lipid peroxidation. The antioxidant ac-
approximate chemical composition and antioxidant properties tivity can be calculated relative to the disappearance times of reference

of the fruit utilizing various methods. spots.
Ferric Thiocyanate (FTC) Antioxidant Activity Method. The
MATERIALS AND METHODS second antioxidant activity measurement method used was the FTC
method (26). An aliquot of 0.5 mL of solution from each sample (1.0,
Chemicals.All of the reagents were of analytical gradeAscorbic 2.5, and 10 mg/mL) was mixed with 2.5 mL of anlinoleic acid

acid,a-linoleic acid,==- catechin, 2-thiobarbituric acid, ferrous chloride, emulsion [0.28 g of linoleic acid, 0.28 g of Tween 20, and 50 mL of
ammonium thiocyanate, DPPH, and NBT (nitroblue tetrazolium) stable 0.02 M (pH 7.0) phosphate buffer] and 2 mL of pH 7.0 phosphate
radical were purchased from Sigma Chemical Co. Tween-20 and BHT puffer. The mixture was incubated at 20 in a capped tube. Following

were purchased from Applichem. Standard solutions of Na, K, Zn, Cu, the addition of 0.1 mL of 30% ammonium thiocyanate, the antioxidant

Fe, Mn, Pb, Cr, and Co ions, TLC aluminum plates (silica gel &)~ activity was evaluated at various intervals during the incubation from
and Folin reagent were purchased from Merck Co. the peroxide value determined by measuring the absorbance at 500
Plant Material. Ripe fruits of L. officinalis were collected from nm 3 min after coloring with 0.1 mL of 0.2 M Feg£l

Akcaabat, Trabzon, Turkey, after full ripening in August 2001. They  Hydroxyl Radical Scavenging Activity. Hydroxyl radical scaveng-
were kept in cool bags for transport to the laboratory. Moisture contents ing activity was determined by measuring the competition between
were immediately measured on arrival. The fruits were stored as packeddeoxyribose and the extract for the hydroxyl radicals generated from
in freezer bags at20 °C until tested. the Fé*/ascorbate/EDTA/LD, system. The attack of the hydroxyl
Solvent Extraction. For antioxidant and radical scavenging activity — radical on deoxyribose leads to TBARS formati@8); The test sample
measurements;-25 g of the fruit was homogenized using a blender of 1 mg/mL concentration was added to the reaction mixture containing
and mixed with 100 mL of bidistilled water on a magnetic stirrer for 3.0 mM deoxyribose, 0.1 mM Fe£0.1 mM EDTA, 0.1 mM ascorbic
30 min, and the same procedure was performed using 70% ethanolacid, 1 mM HO,, and 20 mM phosphate buffer (pH 7.4) and made up
and 99% acetone as solvent. The homogenization was performed onto a final volume of 3.0 mL. The amount of TBARS formed following
ice, and the supernatant was removed by filtering through Whatman 1 h of incubation at 37C was measured according to the method of
No. 1 filter paper followed by centrifugation at 809@r 10 min at 4 Ohkawa et al. 30). One milliliter of thiobarbituric acid (TBA, 1%)
°C. The filtrates were then frozen and lyophilized. The lyophilisates and 1.0 mL of trichloroacetic acid (TCA, 2.8%) were mixed with the
were dissolved according to the next procedure applied. reaction mixtures in the tubes, and the mixtures were then incubated
Chemical Analyses.Moisture, protein, and oil contents and ash at 100 °C for 20 min. After the mixtures were cooled to room
percentage of the fruit were measured according to an AOAC method temperature, their absorbances at 532 nm were measured against a blank
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Table 1. Physical and Chemical Properties of Fully Ripe L. officinalis Table 2. Concentrations of Important Minerals in L. officinalis
Roem.
amount in fruit? (mg/kg)
parameter value element wet-oxidation method dry-ashing method

length of a grain® (cm) 2.02+0.03 sodium (Na) 55+ 023 49+02
xdé? ;fs :egdraEm)a (mm) Ség f 833 potassium (K) 2215+10.5 2170+ 9.0

i agcluster boiie magnesium (Mg) 179+11 187+13
gH : 450405 calcium (Ca) 153+08 148+09
rpnoistureb %) 86 +:1 1' copper (Cu) 08+0.1 09+0.1
ash (%) 0 26+'0 05 zinc (Zn) 1.9+0.2 16+0.2
dry matter (%) 27 +32 iron (Fe) 83+0.8 8.0+0.7
crude protein (%) 5 1—+ 02 manganese (Mn) 242+13 27+12
total sugar (%) 1.30.2 22[;;??;1&)(&) SB SB
ascorbic acid (mg/100 g of wet fruit) 204 +35 nickel (Ni) BD BD
total phenolic substance (mg/100 g of 104 +2.3 lead (Pb) BD BD

water-soluble extract)
pectin (%) 32104 —
water-soluble extract (%) 237+04 a All values are the means of triplicate measurements. BD means below the
acid-insoluble extract (%) 1.20 +0.05 detection limit.
@ Average fruit.  g/100 g pulp. elements are 2000, 350, 1000, and 500 mg dady).(L.

officinalis could nutritionally be important as a good source of
containing deoxyribose and buffer. Percent inhibition of deoxyribose Ca and Mg.

degradation was calculated with the equation The trace elements manganese, iron, zinc, and copper have
RDA values of 2-5, 10—15, 12—15, and 1.5—3 mg daily, and
(Ao — Ay were determined in the fruit to be 24, 8.3, 1.9, and 0.8 mg/kg,
| =———100 . -
A, respectively. The amount of manganese, although higher

compared to that of other minerals and the RDA value, is well

wherel is percent inhibition andy, andA, are the absorbance values  P€low the toxicity level. Manganese is a cofactor of superoxide
for blank and sample, respectively. The absorbance values were thedismutase (SOD), arginase, malic enzyme, and carboxylase
means of triplicate measurements. enzymes (32).

DPPH Assay.The DPPH assay was carried out as described by  Fruits and vegetables are important sources of essential
Cuendet et al. (27). Fifty microliter (1.0 mg/mL) samples were added elements, ranking after animal tissues. Minerals play a vital role
to 5 mL of a 0.004% ethanolic solution of DPPH. Following incubation i the proper development and health of the human body, and
S} rokomt ltseln;perattre for 3bo mk')n' the ?tt)rs]orbanc:e was ;ead.aggmtst Fruits are considered to be the chief source of minerals needed

ank a nm. Lower absorbance of the reaction mixiure INGICAES 3, ypa hyman dietd3, 34). However, high amounts of certain
higher DPPH radical scavenging activity. Percent DPPH radical . . . .
minerals are also toxic for most organism3$). In this respect,

scavenging is calculated according to the above equation defiia - .
percentgsc%venging. 9 a ¢ Cr, Co, Ni, and Pb levels were found to be below the detection

Inhibition of Superoxide Radicals. Superoxide radicals generated  limits, which provesL. officinalis to be a safe fruit low in or
by the xanthine-xanthine oxidase system were determined by spec- free of these toxic elements.
trophotometrically monitoring the product of NB29). The aqueous Many factors affect the composition of plants including
extract (0.1 mL, 1.0 mg/mL) was added to the reaction mixture yariety, state of ripening, soil type and condition, irrigation,
containing 100uM xanthine, 600uM NBT, 0.05 unit/mL xanthine fartjlization, and weather (336). Soil type has been shown to
oxidase, and 0.1 M phosphate buffer (pH 7.4) and made up to a final 4¢t0 ot the mineral composition of plants as the concentration

volume of 2.0 mL. Following the incubation at 2& for 10 min, the of minerals increases 3 times when the soil used is changed

absorbance was read at 560 nm, being compared with the absorbanc . .
of the control in which the enzyme, xanthine oxidase, was absent. The?37)' The cherry laurel tree from which the sample fruits were

results are expressed as the concentration of the test sample giving“0llected has been naturally maintained, and no fertilizer or any
50% reduction in the absorbance of control. other agricultural support has been provided. In this respect,

Statistical Analysis. All of the experimental results are presented the results represent the natural environment of the eastern Black
as meant SD of triplicate measurements, and the data were evaluated Sea region. When the results of the current study are compared
by using the Dunnet tesk values of <0.01 were considered to be  with the results of earlier work about banaB8) and hackberry

significant. (398), L. officinalisappears to contain less of the minerals studied.
Only manganese and iron are exceptions, with comparable
RESULTS AND DISCUSSION concentrationd... officinalis showed higher quantities of K, Cu,

Table 1 shows the summary of the physical properties and ZN. Fe, and Mn when compared to strawberrig8)( Ca and
chemical composition df. officinalisfruit. The values are given Mg contents of the two fruits are in comparable amounts. The
as meant SD.Table 2 shows the mineral content of the edible Mineral content of the fruit is sufficient to provide much of the
part of the fruit expressed as milligrams per kilogram of wet human daily requirement.
weight. Lead, chromium, cobalt, and nickel were in undetectable ~ Many physical and chemical properties of the fruit determined
quantities in the sample. The mineral content of the fruit was are listed inTable 1. The physical parameters determined fall
tested both with dry-ashing and with wet-oxidation methods, into the average range reported by Ayaz et al. for the frit (
and no statistically significant difference between the two 5). L. officinalis was found to have ascorbic acid at higher
methods was observed for any of the minerals tested 0.01). concentrations compared with strawberries (39).

The amounts of major elements potassium, magnesium, calcium, There are many different antioxidant components in animal
and sodium were 2215, 179, 153, and 55 mg/kg, respectively. and plant tissues, and it is relatively difficult to measure each
Recommended dietary allowance (RDA) values of these major antioxidant component separately. Several methods have been
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Figure 1. Antioxidant activity of acetone (LO-acetone), ethanol (LO-EtOH), Time (hour)
and water (LO-aqueous) extracts of the fruit (LO, L. officinalis) and
reference antioxidants BHT, vitamin C, and Trolox at 1 mg/mL concentra- Figure 2. Total antioxidant activity of aqueous extract of L. officinalis
tion determined with the TLC plate method (25). Values represent the by FTC method at several concentrations (1, 5, and 10 mg/mL). Results
average of triplicate measurements. are of duplicate measurements and compared with BHT and Trolox
(1 mg/mL).

employed to determine the total antioxidant activity of biological
samples, and most of these methods utilize linoleic acid as theTable 3. In Vitro Scavenging Effects of Aqueous Extracts of L.
target molecule. The change in the absorbance taking place agfficinalis and Standards on DPPH, Superoxide, and Hydroxyl Free
a result of decrease or increase in the amount of lipid peroxide Radicals
in the presence of an antioxidant agent is monitored, and the

. L Cso? (ug/mL
results are compared with those of reference antioxidant | = Cugld ) v
standards. The standard antioxidants vary in their antioxidant Sampe DPPH superoxide yaroxy
capacity depending on the type of method used. Ascorbic acid, L. officinalis extract 286+29 495+ 147 513+58
for example, is a secondary antioxidant acting by scavenging E_‘I"TOX 1823? 1g§ﬂi 46151"11'2
oxygen, so it cannot be determined to show antioxidant ac-  ;scqrmic acid 416+08 1213+ 26.8 2213+31

tivity in the methods in which oxygen is not limitedg). An

example of this is the FTC method, with which ascorbic acid ™ a c,; represents the ug/mL concentration providing 50% inhibition of radical
could not be used as a reference antioxidant. BHT is a relatively formation or scavenging of available radicals.

better reference antioxidant that can be used in most antioxidant

assays. DPPH-generated radical, bf officinalis extracts was compared
In the TLC method, which is a reliable method for the ith that of Trolox, BHT, and ascorbic acid. In the evaluation
preliminary determination of the antioxidant activity of a sample, of the antioxidant potential df. officinalis extract through free
fluorescence persistence time of the sample solution spottedradical scavenging activity measurements, the DPPH radical
sections on fluorescent-coated silica gel under UV light is scavenging activity of the sample was significantly lower than
followed. The results of the TLC method showed that, among that of the reference compound € 0.01), with~60% DPPH
the three different. officinalis extracts with water, ethanol,  scavenging activity of BHT (Table 3).
and acetone used as solvent, of 1.0 mg/mL concentration, the Superoxide radicals were generated by the xanthiaathine
aqueous extract exhibited the highest antioxidant activity gxidase and NBT systems in the tes®9), The decrease of
(Figure 1). L. officinalis is rich in antioxidant components,  apsorbance at 560 nm with the presence of antioxidants indicates
among which vitamin C and phenolics are the most important the consumption of superoxide anions in the reaction mixture.
(1). As the antioxidant activity of the aqueous extract was found The superoxide radical scavenging activity lof officinalis
to be the highest in the TLC method, only the agueous extracts compares well with that of the same dose of BHT, Trolox, and
were tested in the other methods of antioxidant capacity ascorbic acidTable 3). L. officinalisaqueous extract exhibited
determination. a higher superoxide scavenging activity compared to ascorbic
The FTC method used for the determination of total antioxi- acid (P < 0.001).
dant activity is a reliable method widely employed by scientists  The hydroxyl radical scavenging activity bf officinaliswas
of various fields. The method depends on peroxide formation determined according to deoxyribose degradation in a Fenton-
in the agqueous emulsion of linoleic acid. In this method, the type reaction system. Deoxyribose was oxidized when exposed
higher the absorbance increase is, the higher the concentrationo hydroxyl radicals generated by Fenton reagent, and the
of peroxides formed and, hence, the lower the antioxidant oxidation degradation can be detected by heating the products
activity of the sample tested. The peroxidation inhibitory activity with TBA and measuring the absorbance at 532 nm {40,
of L. officinalis samples in linoleic acid emulsion was found to  The hydroxyl radical scavenging activity &f officinalis was
be low (P < 0.01) when compared to that of the standards but found to be lower than those of ascorbic acid and Trolox, but
was significantly high ® < 0.01) when compared to blank there is no significant difference when compared to that of BHT
(Figure 2). The antioxidant activity increased linearly with (Table 3) (P < 0.05).
increasing extract concentration (Figure 2). The abundant research data about the antioxidant capacity
DPPH can generate stable free radicals in aqueous or ethanoliof fruits and vegetables in the literature clearly show that the
solutions. Free radicals are well-known to be able to induce methods in many stages of research from sample preparation
lipid peroxidation. The radical scavenging activity, using a to antioxidant activity measurements vary highly, and it is almost
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impossible to compare the results of one investigation with
another. Thus, althougdh officinaliscould be said to have quite
a good level of antioxidant activity, it is not possible to compare
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(14) Rice-Evans, C. A.; Miller, N. J.; Paganga, G. Antioxidant
properties of phenolic compoundsrends Plant Scil1997, 2
(4), 152—159.

our results with literature data due to the lack of standardization (15) Cao, G.; Sofic, E.; Prior, R. L. Antioxidant capacity of tea and

in the methods.

In conclusion, L. officinalis with its radical scavenging
activity against various radicals and various extents of anti-
oxidant activity and with its polysaccharides, proteins, ascor-

bic acid, aromatics, pectin, and minerals contents provides a
valuable source of nutraceutical supplements and requires further

investigation with regard to its individual antioxidant compo-
nents.
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