762 J. Agric. Food Chem. 2004, 52, 762-770 JOURMNAL O

AGRICULTURAL AND
FOOD CHEMISTRY
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Water-soluble extracts from black thyme (Thymbra spicata L.), savory (Satureja cuneifolia Ten.),
Spanish oregano (Coridothymus capitatus (L.) Reichb. f.), sweet marjoram (Majorana hortensis
Mcench), Syrian oregano (Origanum syriacum L.), Toka oregano (Origanum minutiflorum O. Schwarz
et P. H. Davis), and Turkish oregano (Origanum onites L.) were screened for antioxidant properties
in a battery of six in vitro assays. Total phenol content and qualitative—quantitative compositional
analyses were also carried out. The extracts demonstrated varying degrees of efficacy in each screen.
The savory extract was the most effective at reducing iron(lll), scavenging 1,1-diphenyl-2-picrylhydrazyl
radicals, inhibiting ascorbate-iron(lll)-catalyzed hydroxyl radical-mediated brain phospholipid peroxi-
dation, and site-specific hydroxyl radical-mediated 2-deoxy-b-ribose degradation. The Syrian oregano
extract was the most effective chelator of iron(Il), while Spanish and Turkish oregano extracts were
the most effective inhibitors of nonsite-specific hydroxyl radical-mediated 2-deoxy-b-ribose degradation.
All the extracts contained Folin—Ciocalteu reagent-reactive substances, which was confirmed by the
presence of polar phenolic analytes (i.e., hydroxybenzoates, hydroxycinnamates, and flavonoids).

KEYWORDS: Antioxidants; chelation; composition; DPPH *; high performance liquid chromatography;
hydroxyl radical; iron reduction; Lamiaceae; water-soluble extracts

INTRODUCTION savannas (6). This family is represented in Turkey by 556
species and 741 taxa in tot8)( The aerial material of most
aromatic plants belonging to this family, such as members of
he gener@®riganum Satureja,Thymus, etc., are added to foods
or their organoleptic properties and are often consumed as
herbal teas in Turkey (9). Members are used in folk remedies
to treat various ailments including asthma, cramping, diarrhea,
indigestion, infectious diseases, muscle pain, nausea, and
rheumatism. A survey of the literature reveals that Lamiaceae

Herbs and spices have been utilized since antiquity for their
culinary qualities, and in addition, have also been used for their
preservative and medicinal properties. Laboratory-based attempt
to characterize their antiseptic qualities date back to the 1900s
(2); while more recently, in the 1950s, Chipault and co-workers
identified the ability of herbs and spices to inhibit deleterious
oxidative reactions?). Numerous research groups have since

demonstrated that plant extracts, foodstuffs and specific bever- ) . f activities. includi il
ages possess a variety of in vitro antioxidant properties. SPEcies possess a variety of activities, including antiinflamma-

Furthermore, many studies have shown that the consumptiont_ory' antioxidant, antibacterial, antifungal, and antiviral proper-
of foodstuffs rich in antioxidative phytochemicals can exert €S (10—14), among others.
positive effects upon human health and the aging pross ( The aim of this study was to characterize the antioxidant
5). This has resulted in investigations focusing upon the activities of seven members of the family Lamiaceae belonging
discovery of naturally occurring antioxidants by researchers in to the generaCoridothymus(C. capitatus), Majorana (M.
the fields of phyto-pharmacognosy and natural product and food hortensi3, Origanum(O. syriacum O. onites O. minutiflorum,
chemistry. Satureja(S. cuneifolia), andThymbra(T. spicata), as these
The family Lamiaceae (Labiatae) includes between 200 and species have not been assessed for such properties previously
250 genera and between 3200 and 6500 spe6ieB) @and is except forO. onites(11). Furthermore, a review of the literature
characterized by aromatic herbage, quadrangular stems, andevealed that, other than for their volatile oils, the chemical
verticillate inflorescences. Distribution is throughout the world composition of these specific species has rarely been reported
but is particularly well represented in tropical and temperate (11,15). Therefore, the phenolic content, chemical composition,
areas such as the Mediterranean region and tropical up|andand in vitro antioxidant (iron reduction and chelation, 1,1-
diphenyl-2-picrylhydrazyl radical scavenging, ascorbate-iron-
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mediated 2-deoxy-ribose degradation inhibition) properties of
water-soluble extracts were examined.

MATERIALS AND METHODS

Materials. Steam-distillee-deodorized air-dried aerial plant material
was obtained from Turer Ltd., Turkey. Pycnogenol was obtained from
Biolandes Arémes, France. The chromatography standards were

purchased from Extrasynthese (Genay, France). Ultrapure water (18.2

MQcm) was prepared using a Millipore Milli-RO 12 plus system
(Millipore Corp., Bedford, MA). All reagents and solvents were of either
analytical or HPLC grade and were obtained from Sigma Chemical
Co. (St. Louis, MO).

Preparation of Freeze-Dried Extracts.The botanical material was
sieved, suspended in ultrapurg@and was hydrodistilled fo2 h in

a European Pharmacopoeian hydrodistillation apparatus. This process
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Iron(ll) Chelation Activity. The chelation of iron(ll) ions by the
different extracts was carried out as described by Cati®y. (To 200
uL of each extract was added to 100 of 2.0 mM aqueous Fegl
4H,0 and 900uL methanol. The controls contained all the reaction
reagents except the extract or positive control substance. After a 5 min
incubation, the reaction was initiated by 40D of 5.0 mM ferrozine.
After a 10 min equilibrium period, the absorbance at 562 nm was
recorded. The iron(ll) chelating activity was calculated using the eq 1
and the 1G, values were estimated by a nonlinear regression algorithm
(SigmaPlot 2001 version 7.0, SPSS Inc., Chicago, IL). EDTA was used
as a positive control. The values are presented as the mean of eight
measurements.

percentage inhibition (%F
((Abs control— Abs sampl

e) « 100 (1)

was repeated, and the combined aqueous extracts were then filtered,

reduced in volume in vacuo (4%), freeze-dried, and stored ar@.
Total Phenols. The total phenols were estimated as gallic acid
equivalents, according to the Foti€Ciocalteu method (16). First, 0.25
mL of sample was transferred to a 25.0-mL volumetric flask containing
6 mL of H,O, to which was subsequently added 1.25 mL of undiluted
Folin—Ciocalteu reagent. After 1 min, 3.75 mL of 20% aqueous
NaCO; was added, and the volume was made up to 25.0 mL with

H2O. The controls contained all the reaction reagents except the extract.

After 2 h of incubation at 25C, the absorbance was measured at 760
nm and compared to a gallic acid calibration curve. Total phenols were

determined as gallic acid equivalents and are presented as mean o

duplicate analyses.
Chromatographic Fingerprint Analyses. The liquid chromato-

graphic system (Waters 600E) consisted of an in-line degasser and

controller coupled to a 991 photodiode array detector equipped with a
717 autosampler (25-uL injection volume) interfaced to a PC running
PDA 991 software (Waters Corp., Milford, MA). Separations were
performed on a 25& 4.6-mm i.d., Sum reverse-phase Hypersil BBS
C18 analytical column (Agilent Technologies, Milford, MA) operating
at room temperature with a flow rate of 0.8 mL/min. Detection was
carried out with a sensitivity of 0.1 aufs between the wavelengths of
200 and 450 nm. Elution was by a ternary nonlinear gradient of the
solvent mixture MeOH/EO/CH;COOH (10:88:2, v/viv) (solvent A),
MeOH/H,O/CH;COOH (90:8:2, v/v/v) (solvent B) and MeOH (solvent
C). The composition of the mobile phase was changed from 85:15:0
(A/B/C) to 70:30:0 (A:B:C) in 15 min, changed to 60:40:0 (A/B/C) in

3 min, held for 12 min, changed to 0:100:0 (A/B/C) in 5 min, 0:85:15
(A/B/C) in a further 2 min, and to 0:70:30 (A/B/C) in 11 min, then
returned to initial conditions in 2 min. Components were identified by

comparison of their retention times to those of authentic standards under,

analysis conditions and by comparison of their UV spectra with an
in-house PDA-library. A 10-min equilibrium time was allowed between
injections.

Chromatographic Standards and Sample Preparation.Stock
solutions of the extracts and standards were prepared in 70% aqueou
methanol to final concentrations of 10 and 1 mg/mL, respectively. The
calibration concentration ranges used were @10 mg/mL for caffeic
acid, naringenin, and apigenin and 0-50 mg/mL for rosmarinic
acid and luteolin-7-O-glucoside.

Iron(l11) to Iron(ll) Reducing Activity.  The ability of the extracts
to reduce iron(Ill) was assessed by the method of OydiZy A 1-mL
aliquot of each extract dissolved in water was mixed with 2.5 mL of
phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of a 1% aqueous
potassium hexacyanoferratesfe(CN})] solution. After 30 min incuba-
tion at 50°C, 2.5 mL of 10% trichloroacetic acid was added, and the
mixture was centrifuged for 10 min. A 2.5-mL aliquot of the upper
layer was mixed with 2.5 mL of water and 0.5 mL of 0.1% aqueous
FeCk, and the absorbance was recorded at 700 nm. The mean
absorbance values were plotted against concentration, and a linea

Abs control
1,1-Diphenyl-2-picrylhydrazyl Radical ScavengingThe ability of

the extracts to scavenge DPPiree radicals was determined by the
method of Gyamfi et al. (19). A 50-uL aliquot of each extract, in Tris-
HCI buffer (50 mM, pH 7.4), was mixed with 450L of Tris-HCI
buffer and 1.0 mL of 0.1 mM 1,1-diphenyl-2-picrylhydrazyl in
methanol. The controls contained all the reaction reagents except the
extract or positive control substance. After a 30-min incubation in
darkness and at ambient temperature?@3} the resultant absorbance
was recorded at 517 nm. The percentage inhibition values were
calculated using eq 1, and thesi@alues were estimated by a nonlinear
egression algorithm (SigmaPlot 2001 version 7.0). Ascorbic acid, BHA,

HT, and Pycnogenol were used as positive controls. The values are
presented as the mean of at least nine measurements.

Ascorbate—Iron(lll)-Catalyzed Phospholipid Peroxidation. The
ability of the extracts to scavenge hydroxyl radicals was determined
by the method of Aruoma et al2Q). Bovine brain extract (Folch type
VII) was mixed with 10 mM phosphate-buffered saline (PBS, pH 7.4)
and sonicated in an ice bath until an opalescent suspension was obtained,
containing 5 mg/mL phospholipid liposomes. The liposomes (0.2 mL)
were combined with 0.5 mL of PBS buffer, 0.1 mL of 1 mM FeC1
and 0.1 mL of extract dissolved in PBS. Peroxidation was initiated by
adding 0.1 mL of 1 mM ascorbic acid. The mixture was incubated at
37°C for 60 min, after which, 5@L of 2.0% butylated hydroxytoluene
(BHT) was added to each tube, followed by 1 mL of 2.8% trichloro-
acetic acid (TCA) and 1 mL of 1.0% 2-thiobarbituric acid (TBA) in
0.05 M NaOH. The samples were vortexed and heated in a water bath
at 100°C for 20 min. The reaction was stopped by a 5 min ic®H
bath. To each tube was added 2 mlnebutanol, and the mixture was
vigorously vortexed. After centrifugation, the extent of oxidation was
estimated from the absorbance of the organic layer at 532 nm. The
percentage inhibition was calculated using eq 1, where the controls
contain all the reaction reagents except the extract or positive control
substance, and the 4€values were estimated using a nonlinear
regression algorithm (SigmaPlot 2001 version 7.0). The values are
presented as the mean values of five measurements, except for Spanish
®regano (= 3).

Nonsite-Specific Hydroxyl Radical-Mediated 2-Deoxyz-ribose
Degradation. The ability of the extracts to inhibit nonsite-specific
hydroxyl radical-mediated peroxidation was carried out essentially as
described by Halliwell et al.21). The reaction mixture contained 500
ulL of extract dissolved in KkEPO,—KOH buffer (50 mM, pH 7.4),
100uL of 28 mM 2-deoxyp-ribose in KHPO,—KOH buffer, 200uL
of a premixed 10«tM FeCk, and 104 mM EDTA (1:1 v/v) solution,
100 uL of 1.0 mM HO, and 100uL of 1.0 mM aqueous ascorbic
acid. Tubes were vortexed and incubated at °8 for 60 min.
Thereafter, 5uL of 2.0% BHT was added to each tube followed by
1 mL of 2.8% TCA and 1 mL of 1.0% TBA. The samples were vortexed
and heated in a water bath at 100 for 20 min. The reaction was
stopped by a 5 min ice #0 bath. To each tube was added 2 mL of
m-butanol, and the mixture was vigorously vortexed. After centrifuga-

regression analysis was carried out. The data are presented as ascorbiton, the extent of oxidation was estimated from the absorbance of the
acid equivalents (AscAE) in mmol ascorbic acid per gram of extract. organic layer at 532 nm. The percentage inhibition was calculated using
The bigger the AscAE, the greater the reducing power of the sample. eq 1, where the controls contained all the reaction reagents except the
Means are the average of at least nine measurements. extract or positive control substance, and the M@lues were estimated
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Table 1. Extract Yield, Total Phenols, and HPLC Qualitative and Quantitative Data for Water-Soluble Extracts?

identified components

extract total caffeic luteolin- rosmarinic unidentified components
sample®  yield®  phenols acid gluce naringenin acid apigenin HBAf HCAY Fin by
(€] 292 87.3 013+0.01 184+014 nd 6.75+032 0.15+£002 418+020 0.34+0.02 499+0.06 18.38+0.41
)] 318 151.0 0.07+0.00 1.04+010 030001 547+022 029+£003 112+091 1.12+0.01 3.03+0.03 12.44+0.94
(3) 252 84.1 0.12+0.01 137+£0.00 nd 6.37+£036 001+0.01 095+£0.05 073+001 246+£0.04 12.01%0.37
4 242 97.9 0.12+0.00 258+0.24 nd 509+059 042+004 0.64+004 0.87+0.01 4.26+0.02 13.98+0.64
(5) 290 119.1 021+002 403+040 0.23+0.00 7.84+0.07 019+0.01 124+001 246+000 4.32+003 2052+041
(6) 290 77.6 0.14+000 1.70+0.14 nd 6.36£0.01 010+0.01 057+021 103+0.03 6.87+0.05 16.77+0.26
(7 304 93.9 0.12£0.02 trl nd 396+053 015+£001 749+£009 041+£002 345+0.04 1558+0.54

aValues (mg/g) are expressed as means + standard error. (1) Black thyme, (2) savory, (3) Spanish oregano, (4) sweet marjoram, (5) Syrian oregano, (6) Toka oregano,
and (7) Turkish oregano. ¢ Extract yields expressed as milligrams of extract per gram (dry weight) of aerial material. ¢ Total phenols expressed as gallic acid equivs,
milligrams of gallic acid per gram (dry weight) of extract. € glu, glucoside. fHBA, hydroxybenzoic acid derivatives; quantified using p-hydroxybenzoic acid. 9 HCA, hydroxycinnamic
acid derivatives; quantified using caffeic acid. " I, flavonoids; quantified using apigenin. 'nd, not detected. Itr, trace.

using a nonlinear regression algorithm (SigmaPlot 2001 version 7.0). p = 0.205), nonsite-ré = 0.143,p = 0.403), and site-r¢ =

The values are presented as the mean of five measurements. BHA anco_zgl'p = 0.211) specific 2-deoxyp-ribose degradation indices
BHT were not used as positive controls, due to solubility, as solvents \yas identified. There was, however, a strong association between
DMSO, ethanol, or methanol cannot be used in this asday2Q). total phenols and AscAE{ = 0.877,p = 0.002), DPPH (r2

Site-Specific Hydroxyl Radical-Mediated 2-Deoxys-ribose Deg- _ _ . ;
radation. The ability of the extracts to inhibit site-specific hydroxyl 20f3§ ’?20 0'0_11(’)%)(:{: Elsudlng'Tolka oreganp da(tja)t, anlf[j h ydr];?xyl
radical-mediated peroxidation was carried out as described in the (r* = 0. P =0 ) ra Ical scavenging data. It IS often
nonsite-specific hydroxyl radical-mediated peroxidation inhibition '€POrted that a strong correlation exists between total phenolic

procedure, except that EDTA was replaced by buffer. content and iron(lll) reduction 24, 25) and free radical
Statistical Analysis. Al statistical analyses were carried out using Scavenging activityd3, 26—28); however, the former relation-
Minitab Release 10.5 Xtra for Windows (Minitab Inc., State College, ship may not always be linea29). The strong correlation
PA). Analysis of variance was performed by ANOVA procedures. between the Folin—Ciocalteu phenol data and the AscAE,
Significant differences between means were determined by Tukey's DPPH and hydroxyl radical scavenging data may be explained

pairwise comparison test at a level pf< 0.05. by a common underpinning mechanism of reduction and system
polarity. Although the Folir-Ciocalteu method is recognized
RESULTS AND DISCUSSION as nonspecific for phenolic compoundss), other interfering

Extract Yields and Total Phenols.The extract yields and ~ substances such as sugars and ascorbic acid would also
total phenol content data for the water-soluble extracts are showncontribute to these specific antioxidant indices. They would not,
in Table 1. The extract yields for the samples ranged from 242 however, be expected to affect HPLC determined total phenols,
mg/g (sweet marjoram) to 318 mg/g (Savory)’ with the order of iron(II) chelation activity BO), or II'OH(”l) chelation (Site SpeCiﬁC

increasing yield being sweet marjoram Spanish oregane hydroxyl radical scavenging).

Syrian and Toka oregans black thyme< Turkish oregano The total phenol/extractable compounds ratio ranged from
(also known as Cretan oregano and pot marjorangavory. 26.8% (Toka oregano) to 47.5% (savory). This suggests that
No significant association between the amount of extractable there is a large amount (73.2%) of non-Feli@iocalteu-reactive
components (extract yield) and Folin—Ciocalteti£r0.249,p substances in the Toka oregano extract, while the extract of

= 0.254) and HPLC ¢ = 0.068,p = 0.572) total phenols,  savory contained only 52.5% of non-FotiCiocalteu-reactive
AsCAE (2= 0.363,p = 0.152), iron(ll) chelation @= 0.369, substances.
p = 0.147), DPPH(r2 = 0.304,p = 0.200) and hydroxylr¢ Compositional Analysis.Lamiaceae species are known to
= 0.175,p = 0.350) radical scavenging and nonsitd=¢ 0.125, contain a range of secondary metabolites, such as terpenoids,
p = 0.437) and site-rg = 0.034,p = 0.691) specific 2-deoxy-  flavonoids, both glycosides and aglycones, and hydroxybenzoic
D-ribose degradation indices was identified by linear regression and hydroxycinnamic acids. The qualitativguantitative analy-
analysis. The absence of a significant correlation between extractsis of the extracts, made using high performance liquid
yield and quantitative and antioxidant indices has previously chromatography coupled with PDA detection, is presented in
been reported for water-solubiéenthaextracts prepared inan  Table 1, and representative chromatograms are presented in
identical fashionZ3). This may be due to the extraction efficiacy Figure 1. The components caffeic acid, luteolind¢glucoside,
(i.e., not only polar secondary metabolites such as hydroxylatednaringenin, rosmarinic acid, and apigenin (Figure 2) were
compounds are released into solution but also polar primary identified by comparisons to the retention time and UV spectra
metabolites, which do not possess active moieties (e.g., phenolicof authentic standards, while the quantitative data were calcu-
groups) within their structures, and therefore, are either poorly lated from their calibration curves. A number of components
active or inactive in the test systems used). could not be identified; however, their chemical class was
The total phenol content determined by the Folin—Ciocalteu determined from their chromatographic behavior and UV
method, expressed as milligrams of gallic acid per gram of spectra. Accordingly, all the water-soluble extracts contained
extract, ranged from 77.6 mg gallic acid/g for Toka oregano to relatively polar compounds (i.e., hydroxybenzoates, hydroxy-
151.0 mg gallic acid/g for savory, with the order of increasing cinnamates and flavonoids), with calculated levels of caffeic
phenolic content being Toka oregaro Spanish oregana acid, luteolin-7-O-glucoside, rosmarinic acid, and apigenin
black thyme< Turkish oregano< sweet marjoram< Syrian ranging from 0.21+ 0.02 to 0.074+ 0.00 mg/g, 4.03t 0.40
oregano< savory [Table 1). No significant association between mg/g to trace, 7.84- 0.07 to 3.96+ 0.53 mg/g, and 0.4z
Folin—Ciocalteu determined total phenols and HPLC total 0.04 to 0.01+ 0.01 mg/g, respectively. Naringenin was
phenols (f = 0.021,p = 0.759), iron(ll) chelationr¢ = 0.299, identified only in savory (0.3& 0.01 mg/g) and Syrian oregano
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Figure 1. HPLC—PDA analyses of (A) black thyme and (B) savory water-soluble extracts with responses at 280 and 360 nm overlaid. 1, caffeic acid;
2, luteolin-7-O-glucoside; 3, naringenin; 4, rosmarinic acid; and 5, apigenin.

(0.23+ 0.00 mg/g) extracts. Amounts of unidentified hydroxy- 0.538) specific 2-deoxp-ribose degradation indices and the
benzoates, hydroxycinnamates, and flavonoids ranged from 7.49HPLC analyses was identified.

+ 0.09 to 0.57+ 0.21 mg/g, 2.46t 0.00 to 0.34+ 0.02 mg/g Iron(l11) to Iron(l1) Reducing Activity. The expression of
and 6.87+ 0.05 to 2.46+ 0.04 mg/g, respectively. antioxidant activity is thought to be concomitant with the

No significant association between extract yiaftl= 0.068, development of reductones (31—32), which are reported to be
p = 0.572), Folin-Ciocalteu total phenolsr{ = 0.021,p = terminators of free radical chain reaction33); thus, any

0.756), AscAE (2 = 0.014,p = 0.800), iron(ll) chelationr@ antioxidant properties of the water-soluble extracts may relate
= 0.236,p = 0.269), DPPH (r2 = 0.053,p = 0.619), and to their reductive activity. As can be seenHigure 3A, all the
hydroxyl (2 = 0.167, p = 0.363) radical scavenging and extracts possessed the ability to reduce iron(lll) and did so in
nonsite- (¢ = 0.200,p = 0.447) and site-r¢ = 0.081,p = a linear concentration-dependent fashion across the concentra-
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chelation is an important antioxidant property (38), the
aqueous extracts were assessed for their ability to compete with
ferrozine for iron(ll) ions in free solution.

All the aqueous extracts demonstrated an ability to chelate
iron(ll) ions in a dose-dependent fashion; i.e., as the extract
concentration increased, the amount of iron(ll) chelated similarly
increased (data not shown). From the estimateg 1@lues,
the concentration of extract required to chelate 50% of the
available iron(ll) species, it can be seernFigure 3B that the
most effective iron(ll) chelating extract was from Syrian
oregano, followed by the extracts of Toka oregano and sweet
marjoram (which were not significantly (> 0.05) different),
Spanish oregano (which was not significantly ¢ 0.05)
different in efficacy from the sweet marjoram extract), black
thyme and Turkish oregano (which were not significandy>(
0.05) different) and savory. Regression analysis between iron-
(I1) chelation and extract yield ¥ = 0.369,p = 0.147), Folin—
Ciocalteu (? = 0.299,p = 0.205) and HPLC &= 0.236,p =

0.269) total phenols, AscAE {r= 0.352,p = 0.160), DPPH

(r* = 0.033,p = 0.694), and hydroxylré = 0.454,p = 0.097)
radical scavenging, and nonsite? & 0.005,p = 0.884) and
site- (? = 0.013,p = 0.806) specific 2-deoxp-ribose degrada-
tion indices suggest that there is no common underlying
mechanism of action. The absence of a robust correlation
between iron chelation and the indices dependent upon redox
activity may be explained by the structural characteristics of
the phenolic constituents within the extracts not possessing the
optimum structural feature for metal chelati@®dy, while other
redox active nonphenolic substances (e.g., ascorbate) are unable
Figure 2. Structural formulas of identified COmpOnentS within the to participate in Such reactions_ None Of the extracts appeared
extracts: 1, caffeic acid; 2, luteolin-7-O-glucoside; 3, naringenin; 4, to be better chelators of iron(ll) ions than the positive controls,
rosmarinic acid; 5, apigenin. EDTA, or Pycnogenol in this assay system.

From the presented data, one may conclude that the different
Lamiaceae extracts may be able to afford protection against
oxidative damage by sequestering free iron(ll) ions, which may
otherwise participate in hydroxyl radical-generating Fenton-type
reactions or in metal-catalyzed hydroperoxide decomposition

tion range used in this study (data not shown). On the basis of
the AscAE values, expressed as mmol ascorbic acid per gram
dry weight of extract calculated from the plots of absorbance
versus sample concentration, the savory extract was a signifi-
cantly (p < 0.05) better iron(lll) reducer than the other extracts.
The Syrian oregano extract was the next most effective extract, (36). . ) . .

followed by a group of significantly(> 0.05) indistinguishable 1,1-Diphenyl-2-picrylhydrazyl Radical Scavenging.Free
extracts comprised of black thyme, sweet marjoram, and Toka radicals are involved in the process of lipid peroxidation, are
and Turkish oregano. The Spanish oregano extract was the leasgonsidered to play a cardinal role in numerous chronic diseases,
active extract in this assay system. A strong association betweer@nd are implicated in the aging process. Phytochemicals
the AscAE data and DPPHr2 = 0.684,p = 0.022) and recognized as possessing potent antioxidant activity are also

hydroxyl (2 = 0.823,p = 0.005) radical scavenging activity ~ Strong scavengers of the synthetic nitrogen-centered free radical
was identified. This may be due to components within the DPPH (36). Therefore, the water-soluble extracts were assessed

extracts acting via a common redox mechanism. No such against DPPHMradicals to determine their free radical scavenging
association existed between the AscAE values and iron(ll) abilities. Substances capable of donating electrons or hydrogen
chelation (2 = 0.352,p = 0.160) and nonsite+{ = 0.126,p atoms are able to convert 1,1-diphenyl-2-picrylhydrazyl radicals
= 0.434) and site-r¢ = 0.321,p = 0.185) specific 2-deoxy-  into 1,1-diphenyl-2-picrylhydrazine.
D-ribose degradation indices. Despite the extracts’ ability to  All the extracts were capable of scavenging DPRidlicals
reduce iron(lll) ions, none of the extracts were significangly (  in a concentration-dependent fashion (data not shown). From
> 0.05) better than the reference substance, ascorbic acid, othe estimated 1§ values, it can be seen that the savory extract
the positive controls, BHA, BHT, and Pycnogenol. was the most potent scavenger followed by Syrian and Toka
The extracts were capable of reducing iron(lll), and thus, are oregano (which were not significantly ¢ 0.05) different)>
capable of donating electrons. This property suggests that theblack thyme and sweet marjoram (which were not significantly
extracts may act as free radical chain terminators, transforming(p > 0.05) different)> Turkish oregano> Spanish oregano
reactive free radical species into more stable nonradical products.(Figure 3C). There was no significant association between
Iron(ll) Chelation Activity. Phenoxide groups of deproto- DPPH free radical scavenging and extract yieté € 0.304,p
nated phenolic compounds possess a high charge density= 0.200), HPLC total phenols{= 0.053,p = 0.619), iron(ll)
enabling them to bind suitably charged cations such as transitionchelation (2 = 0.033,p = 0.694), and nonsite+{ = 0.137,p
metal ions 80). Plant extracts enriched in phenolic compounds = 0.415) and site-r¢ = 0.344,p = 0.166) specific 2-deoxy-
should therefore complex with and stabilize transition metal ions, p-ribose degradation indices; however, there was a strong
rendering them unable to participate in metal-catalyzed initiation association with FolirCiocalteu total phenolg{ = 0.835,p
and hydroperoxide decomposition reactiord3)( As metal = 0.011), AscAE (2 = 0.684,p = 0.022), and hydroxyl radical
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Figure 3. The effect of the extracts and positive controls upon (A) iron(lll) reduction, (B) iron(ll) chelation, (C) DPPH* radical scavenging, (D) hydroxyl
radical scavenging, and (E) nonsite- and (F) site-specific hydroxyl radical scavenging. Values are presented as means + 95% confidence interval. Bars
with the same lowercase letter (a—g) are not significantly (p > 0.05) different. Samples: (1) ascorbic acid, (2) BHA, (3) BHT, (4) EDTA, (5) Pycnogenol,
(6) black thyme, (7) savory, (8) Spanish oregano, (9) sweet marjoram, (10) Syrian oregano, (11) Toka oregano, and (12) Turkish oregano.

scavengingr€ = 0.521,p = 0.067) indices. None of the extracts regarded as a valuable substrate for the appraisal of potential
were as effective DPPHadical scavengers as the positive food antioxidants and are considered to be an ideal model for
controls ascorbic acid, BHA, BHT, and Pycnogenol in this assay. the study of dietary components and drugs on membrane lipid
The results of the DPPHfree radical scavenging assay peroxidation (38). Furthermore, iron(lll) to iron(ll) reduction
suggest that the extracts are capable of scavenging free radicaland synthetic radical scavenging is only considered to indicate
in solution at pH 7.4 and thus may be able to prevent the potential antioxidant activity as neither method utilizes a food
initiation of free radical-mediated chain reactions by stabilizing or biologically relevant oxidizable substrate, thus no direct
reactive species before they can participate in deleteriousinformation on the extracts’ protective properties can be
reactions (e.g., the abstraction of hydrogens from susceptibledetermined (23). For these reasons, the extracts were assessed
polyunsaturated fatty acids). in a test system consisting of a complex, lipid-rich food/
Ascorbate-Iron(lll)-Catalyzed Phospholipid Peroxidation. biologically relevant matrix (i.e., bovine brain-derived phos-
Free-radical-mediated degradation of phospholipids is consid- pholipid liposome system using ascorbate-iron(lll) as catalysts).
ered to be responsible for the oxidative deterioration and off-  In the presence of iron(lll) and ascorbic acid, phospholipid-
flavor development of foods3{). Thus, phospholipids are based liposomes rapidly undergo hydroxyl radical-mediated
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peroxidation, producing malondialdehyde and associated alde-statistically significantly ¢ < 0.05) more potent hydroxyl radical
hydes 89). These species react with the reagent 2-thiobarbituric scavengers than the positive control Pycnogenol.
acid to produce a pink chromogen with an absorption maximum  The extracts were capable of inhibiting TBARS formation
at 532 nm, under the experimental conditions used. By measur-at pH 7.4 by scavenging hydroxyl radicals before they reacted
ing the absorbance at 532 nm, it is possible to estimate thewith the 2-deoxye-ribose substrate. Thus, the extracts contain
efficacy of an antioxidant against lipid peroxidation. compounds that are capable of protecting carbohydrate com-
All the extracts demonstrated the ability to inhibit the ponents in foods, cosmetics, and pharmaceutical preparations
formation of 2-thiobarbituric acid reactive species (TBARS) by from oxidative damage mediated through hydroxyl radicals. This
scavenging hydroxyl radicals generated by ascorbiava(l11)- has implications for the durability of such products, as iron-
dependent Fenton chemistry in a concentration-dependentEDTA is often added in the manufacturing process an@+
fashion (data not shown). As can be seen from the estimatedis widespread (22).
ICsp values presented iRigure 3D, the savory extract was the When EDTA is absent, iron(lll) ions bind to 2-deoxry-
most active, followed by sweet marjoram, the significantly ribose, and hydroxyl radicals are generated at the surface of
indistinct group comprising the extracts from black thyme, the carbohydrate molecule and fragment it into TBARS. This
Syrian oregano, Toka oregano, and Turkish oregano. The leasichemistry is used in the site-specific hydroxyl radical-mediated
effective hydroxyl radical scavenging extract came from Spanish 2-deoxye-ribose assay. The hypothesis that it is possible to
oregano. There was a strong association between the ability tointercept hydroxyl radicals thus formed before they fragment
inhibit hydroxyl radical-mediated phospholipid peroxidation and the 2-deoxye-ribose into TBARS is not plausible. Therefore,
Folin—Ciocalteu total phenols{= 0.720,p = 0.016), AScAE a candidate compound/extract that inhibits the formation of
(r2 = 0.823,p = 0.005), and DPPt+radical scavenging {r= TBARS in this assay may be described as an antioxidant capable
0.521,p = 0.067) indices but not with extract yielt®’(= 0.175, ~ ©of preventing the formation of hydroxyl radicals by chelating
p = 0.350), HPLC total phenols{= 0.167,p = 0.363), iron- and deactivating iron. Thus, it was cor!S|dered necessary to
(II) chelation 2= 0.454,p = 0.097), and nonsites{ = 0.377, repeat the aforementioned experiment Wlt_hout EDTA. Further-
p = 0.143) and site-r2 = 0.314,p = 0.191) specific 2-deoxy- ~ MOre, it has t_)een reported that the_2_-<_1|eox|3reose assay when
p-ribose degradation data. None of the extracts were as effectiveP€rformed with EDTA is rather artificial when extrapolated to
protectors of the phospholipid liposomes from hydroxy! radical- N Vivo activity (40).
mediated degradation as the positive controls BHA, BHT, and  In the site-specific assay, the most effective extract was
Pycnogenol. obtained from savory, followed by the significantly identically
According to the data presented, the extracts were able to(P > 0-05) active group including sweet marjoram and Syrian
protect phospholipids by scavenging hydroxyl radicals before ©7€9ano extracts, foIIowe_d b_y Span_lsh and Toka oregano extracts
they reacted with susceptible components within the lipid matrix. (Significantly @ > 0.05) indistinguishable), black thyme, and
Therefore, the extracts if incorporated into a lipid-rich matrix Turkish oregano eg;ractE;gure .3':' There was no association
such as a foodstuff or biological membrane may protect such between site-specific 2-deoxyibose degradation and extract

: : yield (r2 = 0.034,p = 0.691), Folin—Ciocalteu &= 0.291,p
f;/jits;ns from the actions of the extremely reactive hydroxyl 0.211) and HPLC = 0.081,p = 0.538) total phenols,

, ) . ) ) AscAE (2= 0.321,p = 0.185), iron(ll) chelation @= 0.013,
Nonsite- and Site-Specific Hydroxyl Radical-Mediated p = 0.806), DPPM (r2 = 0.344,p = 0.166) and hydroxylre
2-Deoxyo-ribose Degradation.When EDTA chelated iron- — 314 p = 0.191) radical scavenging, and nonsite-specific
(IlN) ions are incubated with a reducing agent andOu 2-deoxyp-ribose degradation? = 0.314,p = 0.191) indices.
hydroxyl radicals are generated in free solution. These hydroxyl The extracts were capable of preventing the oxidative
.ra.d icals are capablle of migrating toa sqbstrate and. fragmen'.[ingdegradation of 2-deoxyp-ribose at pH 7.4 by interrupting the
It into TBAR.S' This _chemlstry IS us_ed in the nonS|te-speC|f|c generation of hydroxyl radicals via the mechanism of iron(lll)
hydroxyl rad|cal-med|at§d _2-.deoxy-r bose assay. A cand!datg chelation and deactivation. Furthermore, it can be seen that the
compound/extract that inhibits the formation of TBARS in this o4a 045 were better at chelating iron than at scavenging hydroxyl
system may be described as an antioxidant capable of SCavengradicals, as the extract §values in site-specific assaigure
ing hydroxyl radicals and protecting carbohydrates from oxida- 3¢y are lower than the corresponding values generated in the
tive degradation. nonsite-specific assayigure 3E). A similar finding has been
As can be seen from the estimatedsd@alues from the reported previously (41).

nonsite-specific assayFigure 3E), the extracts were capable The aerial parts of seven species grown in Turkey were
of inhibiting the formation of TBARS. The most effective  extracted by the process of hydrodistillation to obtain deodorized
extracts were obtained from the Turkish and Spanish oreganowater-soluble extracts. The extracts were screened in a battery
material. These extracts were not statistically significantly (p of in vitro antioxidant assays. In addition, the Feti@iocalteu
> 0.05) different in terms of their activity. A group composed phenol content and qualitative—quantitative analysis of the
of black thyme, Syrian oregano, Toka oregano, and Spanishanalytes in each sample was determined. The qualitative
oregano extracts were the next most effective, followed by quantitative analysis revealed that the extracts contained varying
savory and sweet marjoram extracts. There was no significantamounts of phenolic derivatives such as hydroxybenzoic and
correlation between nonsite-specific 2-deaxyibose degrada-  hydroxycinnamic acids and flavonoids. Compounds identified
tion and extract yield fr = 0.125,p = 0.437), total phenol  within the extracts included caffeic acid, rosmarinic acid,
(Folin—Ciocalteu method) &= 0.143,p = 0.403), total phenol luteolin-7-O-glucoside, and apigenin. Naringenin was identified

(HPLC method) (# = 0.200,p = 0.447), AscAE (?# = 0.126, in quantifiable amounts in the savory and Syrian oregano
p = 0.434), iron(ll) chelation &= 0.005,p = 0.884), DPPH extracts only. The extract obtained from savory demonstrated
(r2=0.137,p = 0.415) and hydroxyl radical{ = 0.377,p = the greatest efficacy in each assay, except for iron(ll) chelation,

0.143) scavenging, and site-specific 2-deoxsibose degrada-  where Syrian oregano was more potent, and in the nonsite-
tion (r2 = 0.314,p = 0.191) indices. All the extracts were specific 2-deoxyp-ribose assay, where the Turkish and Spanish
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oregano extracts performed better. The greatest amount of (16) Singleton, V. L.; Orthofer, R.; Lamuela-Raventos, R. M. Analysis

Folin—Ciocalteu reactive substances were identified in the
savory extract, which most probably contributed to its overall
superior activity. Overall, one may conclude that the extracts

possess exploitable in vitro antioxidant properties, especially a7
the extract from savory. Further research should, however, be

carried out to determine whether the components within the

of total phenols and other oxidation substrates and antioxidants
by means of Folir-Ciocalteu reagent. IMethods in Enzymol-
ogy; Packer, L., Ed.; Academic Press: San Diego, CA, 1999;
Vol. 299, pp 152—315.

Oyaizu, M. Studies on products of browning reaction: antioxi-
dative activity of products of browning reactiodpn. J. Nutr.
1986,44, 307—315.

extracts are absorbed from the gastrointestinal tract, possess in(18) Carter, P. Spectrophotometric determination of serum iron at the

vivo antioxidant activity, and ultimately are safe for human
consumption. Otherwise, their potential use in the functional-

ization of foods or nutraceuticals cannot be confidently assumed.
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