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ABSTRACT

From ancient time celery (Apium graveolens) and garden
rocket (Eruca Sativa, Mill) are used in traditional medicine. The
seeds of these plants were conducted to separate and gualitative
identify their active components. (i.e., alkaloids, flavonoids,
terpenes, saponins, polyphenols, ... etc.,). The seeds were extracted
with methanol which considered the mother liquor. The later solvent
extract was subjected to successive extraction with solvents
increased in their polarity started with pet. Ether followed by
chloroform and ethyl acetate. Effects of three celery seeds extracts
as antimicrobial activity against different strains of pathogenic fungi
were studied. The resulted rocket and celery seeds extracts were
used also as natural antioxidants. The antioxidant power of these
extracts was measured by different methods. The ethyl acetate
extract of celery seed when used as antioxidant was more effective
than ethyvl acetate extract of rocket seed and artificial antioxidant
BHT.

The phenolic compounds were extracted and identified by
HPLC in both rocket and celery seeds. The phenolic compounds in
rocket were: phenol, gallic acid, dadzin, genstin and p-OH benzoic
acid, Celery seed were distinguished with phenolic compounds of
salicylic acid, phenol, quercetin, catechine and rutin. Caffeic acid,
guercetin and vanillin disappeared in rocket seed, while cinnamic
acid, euganol and pyrogallic disappeared in celery seed. Generally,
these phenolic compounds in both two plants have important effects
as natural antioxidants.
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INTRODUCTION

Many authors indicated that celery has been cultivated for the
last 300 years, notably in pharonic Egypt, and was known in china
in the 5™ century, BC. Celery has been used as a food and at various
times both the whole plant and the seeds have been consumed as a
medicine (Chevalier, 1998). The same author also reported that
celery seeds are implicated in arthritic pain relief for treating
rheumatic condition and gout.

Rocket (£. Sativa) is widely distributed all over the world and
is usually consumed fresh (leafs or sprouts) for its typical spicy
taste. Nevertheless, it is mentioned in traditional pharmacopoeia and
ancient literature for several therapeutic properties, and it does
contain a number of healthy promoting agents including
carotenoids, vitamin C, Fibers, Falvonoids, and glucosinolates
(GLS). The major GL found in rocket seeds is gluoerucin, GER that
represents 95% of total GLS. Unlike other GLS (e.g., glicorophanin,
the bio-precursor of sulforaphane), GER possesses good direct as
well as indirect antioxidant activity. GER (and its metabolite erucin,
ERN) effectively decomposes hydrogen peroxide and alkyl
hydroperoxides. (Barillari et al, 2005).

El-Missiry and El-Gindy (2000) tried to use the oil of Eruca
sativa seeds (ESS) for prevention and treatment of diabetes mellitus
(DM) induced experimentally by alloxan injection. They found that
a single dose of alloxan (100 mg/kg) produce a decrease in insulin
level, hyperglycemia, elevated total lipids, triglycerides cholesterol,
decrease high density lipoprotein and hepatic glycogen contents and
elevated hepatic glucose-6-phospahate activity. They suggested that
essential oil (ESS) oil could be used as antidiabetic complement in
case of DM. This may be related to its antioxidant properties and its
effect in increasing hepatic glutathione (GSH).

Mahran et al., (1991) mentioned that seeds of Eruca sativa
contain volatile oil, sterols, triterpenes, carbohydrates, glycosides,
tannins, flavonoids and gluconsinolates. They added that the volatile
oil increased Na*, K” and Cl” excretion in urine and used as diuretic.
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Some amino acids of E. sativa such as arginine, cysteine and
tryptophan had antioxidant and hypoglycemic effect (Larson, 1987).

Eruca sativa meal extracts were used to detect their
antimicrobial activity against different strains of bacteria, yeast and
fungi. The chemical analysis of these extracts indicated the presence
of high total soluble sugars and free phenols. Methanolic E. sativa
meal extracts had no antimicrobial activity against tested Bacillus
strains. No antiyeast activity was obtained by ethanolic and
methanolic of E. sativa against all tested veast strains. The
minimum iphibitory concentration (MIC) being 8.8 mg/100 ml was
recorded by ethanolic E. sativa extraction against 4. fumefaciens, S.
aureus 26 and M. roseus (Azza et al., 2006).

Phytochemical investigations of celery seeds revealed the
presence of apigenin as a major constituent (Petry, 1980).

From the crude methanol extract of celery seeds, sixteen
compounds were isolated: five sesquiterpenoids glucosides
(celerioside), three phthalide glycosides, six aromatic compounds
glycosides and two norcarotenoid glucosides. Their structures were
identified by spectral investigation (Junicni et al., 2003).

The present work aims to separate and identify some active
components from both rocket and celery seeds extracts. Their effect
as antimicrobial and natural antioxidant was also studied.

MATERIALS AND METHODS

Plant materials:-

1.The seeds of garden rocket and celery were purchased from local
market,

2.Fungal strains:- Three fungal strains i.e. B, cinerea, S. cepivorum
and F. solani were obtained from plant pathology department,
Faculty of Agriculture, Mansoura University, Egypt.

3.Preparation of seed samples: Both celery and rocket seed samples
were free from foreign materials, washed, air dried and ground to
fine powder.

3.1 Chemical analysis: The powdered seed of each sample was
subjected to following analysis: Moisture, crude protein, ach
content, crude lipids, crude fibers and total soluble sugars
according to the methods of A.O.A.C (1990). The
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determination of free amino acids as lysine was carried out
according to the method mentioned by Jayaraman (1985} .

3.2 Preparation of methanol extract: The powdered seed of each
sample was soaked in pet. ether (40-60 °C) for 24 hours to
remove fats. The defatted powder was extracted with 80%
aqueous methanol several times. The extracts were filtered and
kept as the mother liquor .

3.2.1 Preliminary phytochemical screening for  methanolic
extracts of rocket and celery seeds : The presence or
absence of tannins, terpenes, falvonoids, saponins,
glucosides, phenols and alkaloids were detected by the
method described by Balbaa (1981), Romo (1966), Fieser
and Fieser (1959), Kiang (1961 ), Trease ( 1961 ) and Claus
(1967) .

3.2.2 Extraction and identification for phenolic compounds of
methanolic extracts of rocket and celery seeds by HPLC:
The method outlines by Ben-Hammouda et al., (1995).
Identification of individual phenolic compounds of the plant
samples was performed on JASCO HPLC, using a hypersil
Cyg reversed-phase column (250x4.6 mm) with 5 run
particle size. Injection by means of a Rheodyne injection
valve (MODEL 7125) with 50 PJ fixed loop was used. A
constant flow rate of 0.7 m{/min was used with two mobile
phases: (A) 0.5% acetic acid in distilled water at pH 2.65;
and solvent (B) 0.5% acetic acid in 99.5 acetonitrile. The
elution gradient was linear starting with (A) and ending with
(B) over 35 min, using an UV detector set at wavelength 254
nm. Phenolic compounds of each sample were identified by
comparing their relative retention times with those of the
standard mixture chromatogram. The concentration of an
individual compound was calculated on the basis of peak
area measurements, then converted to pg phenolic g dry
weight. All chemicals and solvents used were HPLC spectral
grade. Sixteen standard phenolic compounds were obtained
from sigma (st. Lousi, USA) and rom Merck-Sheuchrdt
(Munich, Germany chemical companies).

3.2.3 Successive extraction: Methanol extracts (mother liquor)
was subjected to successive extraction with three solvents
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graduated in their polarity started with pet. ether followed by
chloroform and ethyl acetate.

3.2.3a.Antifungal activity: The antifungal activity of pet. ether,
chloroform and ethyl acetate extracts were tried as described
by Chkhikvishvili and Gogiya (1995). Active plant extracts
were dissolved in dimethyl formamide (DMF) and put into
pores in Petri dishes in three concentrations of 100, 300 and
500 ppm. The dishes were incubated at 37°C for 10 days.
Finally, the radius of growth inhibit was measured (cm) in
comparison with control.

3.2.3b.The antioxidant activity:This parameter was determined
according to the Egyptian standard (1975).

3.2.3c.Antioxidant Power: The antioxidant power of the resulting
natural extracts (produced by successive extraction) was
evaluated also by different methods (acid value and iodine
value) against artificial antioxidant BHT according to
A.0.A.C (19753).

RESULTS AND DISCUSSION

1.The chemical composition of rocket and celery seeds:

From Table ( 1 ) it is clear that , moisture, crude protein, ash,
crude lipids, crude fiber, total soluble sugars and free amino acids of
these seeds are (6.5, 12%), (16.46, 15%), (4, 11%), (27.5, 7%),
(6.2,14.2%), (21.4, 26.2%) and (2.25, 2.40) respectively.

These results indicated that rocket seeds had high contents of
crude protein and crude lipids (16.46 and 27.5%, respectively),
while celery seeds contain high contents of ash, crude fiber and total
soluble sugars (11, 14.2 and 26.2%, respectively) in comparison
with rocket seeds sample . These results are similar to those
obtained by Kanya and Kantharaj (1989) who stated that rocket
meal was rich in protein contents.

Table (1). The chemical composition of rocket and celery seeds.

Free amino
Plant Moisture Crud‘e Ash C.nfde Fibers Total soluble acids
protein lipids sugars .
as lysine
Rocket 6.5 16.46 4.0 275 6.2 214 2.25
Celery 12.0 150 | 110 ] 70 14.2 26.2 2.40

Results are in gm/100gm seed samples.
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2.Preliminary phytochemical screening of methanol extracts :

The preliminary phytochemical tests for methanolic extract of
rocket seeds, were tabulated in table (2). Results showed the
presence of tannins, flavonoids, saponins, phenols and glucosides.
While the methanol extract of celery seeds sample showed to
contain terpenes beside the above mentioned components except
saponins. Alkalolds were not detected in both two seeds of
methanolic extracts. These results agreed with those mentioned by
Mahran et al, (1991), who reported that seeds of rocket contain
volatile oil, sterols, triterpenes, carbohydrate, glucosides, tanmins,
flavonoids and glucosinolates. They added that the volatile oil of
rocket seeds increased Na', K' and Cl” excretion in urine and used
as a diuretic agent. Some amino acids of rocket seeds such as
arginine, cysteine and tryptophan had antioxidant and hypoglycemic
effect (Larson, 1987).

Table (2). Preliminary phytochemical screening of rocket and
celery seeds methanol extracts.

Piant | Tannins | Terpens | Flavonoids | Saponins | Glucosides | Alkaloids | Phenols

Rocket + - +4+ ++ ++ - +

Celery ++ +4 ++ - + . +

The different extracts of both rocket and celary seeds (pet.
ether, chloroform and ethyl acetate) were tested as antifungal
factors. The rocket seeds extracts showed an undetectable effect on
the treated pathogenic fungi. So, resuits for celery seeds extracts
were only undertaken.

Table (3) showed the effect of three celery extracts i.e. pet.
ether, chloroform and ethyl acetate in three concentrations 100. 300
and 500 ppm for each on three pathogenic fungi (B. cinerea, S.
cepivorum and F. solani).

The inhibitory effect of these extracts were studied using agar
diffusion method. Data in the same Table showed that the
concentration of 500 ppm are the most effective one for inhibition
of the pathogenic fungi. The largest inhibition zone diameters of the
three extracts were detected against F. solani with inhibition
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diameters of 5, 4.5 and 5 cm respectively. The next inhibition was
observed for B. cinerea with inhibition zone diameters of 3.5, 4 and
4 cm respectively, While S. cepivorum inhibited by the three
extracts on level of 500 ppm at inhibition zone diameters of 3, 2.5
and 3 cm for pet. ether, chloroform and ethyl acetate respectively.

Table (3). Inhibition effect of three celery extracts on pathogenic
fungi.

B. cinerea 8. cepivorum F. solani
Extracts :
100 | 300 | 560 | 100 | 300 | 500 | 100 | 300 | 500
Pet. ether 2 3 3.5 2 2.5 3 3 3.5 5

Chloroform 2 3 4 1.5 2 2.5 3.5 4 4.5

E. acetate 1.5 3 4 2 2 3 3.5 4 5

Results are in cm.

On the other hand, the lowest inhibition zone diameters were
observed in the concentration of 100 ppm against B. cinerea that
had the values of 2, 2 and 1.5 ¢m for the three mentioned extracts
respectively.

The results in Table (3) showed also that the best extract was
ethyl acetate followed by pet. ether and chloroform against F.
solani. These results were confirmed as shown in figure (1) which
declare the inhibition zone diameters (cm) for the ethyl acetate
extract against /. solani at 100, 300 and 500 ppm .

Data also, revealed that the fungal strains of F. solani was
more susceptible to the three celery extracts than other strains. The
lowest susceptible was recorded by the fungal strains of S
cepivorum.

These results were drawn graphically in histograms as shown
in figures 2, 3 and 4. These histograms revealed that the
concentration of 500 ppm was the most effective one.
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500 ppm 300 ppm 100 ppm Control
Fig. (1): Effect of ethyl acetate extract for celery seeds on F. selani.

Pet ether
@ Chloroform
C1Ethyl acetate

100 ppm 300 ppm 509 ppm

Fig (2) Effect of celery extracts on B. cinerea

Pet. ether
M Chloroform
O Ethyl acetate

100 ppm 300 ppm 500 ppm

Fig (3) Effect of celery extracts on §. cepiverum

Inhibition zone diameters (cm)

[ Pet, ether
B Chloroform
O Ethyl acetate

100 ppm 300 ppm 500 ppm

Fig (4) Effect of celery extracts on F. solani
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The obtained results :agreed with those mentioned by
Kowalczyk and Krzyanowska (1999), they reported that the
antifungal activity of some dipsacaceae family plants may be due to
the presence of poly phenolic compounds especially Flavonoids.
Similar results were obtained also by Curini et al., (2004) for anti
yeast of alcoholic extracts of Paronychia kapela against C. albicans
and Trichophyton metegraphytes.

3.HPLC for phenolic compounds for methanolic extracts of
seeds samples under investigation :-

The phenolic content for methanolic extracts of samples were
identified by high performance liquid chromatography (HPLC)
against standard phenolic compounds and the results were recorded
in Table (4). The common phenolic compounds (as ppm) of rocket
seed samples which appeared in higher values were: phenol
(530.87), gallic acid (220.31), dadazin (197.03), genstin (189.69), p-
OH benzoic (120.86), p-coumaric acid (96.93), rutin (94.30) and
pyrogallic acid (71.47). While the rest phenolic compounds were
detected in lower values as follows: cinnamic acid (19.16), salicylic
acid (10.39), Ferulic (8.60), dadazian (58.92) and gestein (6.49
ppm).

The same Table (4) revealed that the methanolic extracts of
celery seeds contained higher amount of phenolic compounds i.e.,
salicylic acid (781.36), phenol (596.5), quercetin (544.53), catechine
(347.9), p-coumaric acid (176.06), caffeic (155.8), ferulic (153.66),
dadzin (150.9), rutin (138.92) and Kaempherol (83.08 ppm), while
the rest compounds were appeared in lower values as follows:
dadazian (14.31), vanillin (7.65), gallic acid (4.43), p-OH benzoic
(7.18) and galangin (0.24 ppm).

It is quite clear that the high level of salicylic acid, catechine
and ferulic in celery seed were decreased in rocket seeds. Caffeic,
quercetin and kampherol were detected in celery seed while
disappeared in rocket seed. The major of phenolic components in
celery seeds are salicylic acid, phenol, quercetin, catechine and
rutin, while the major phenolic components in rocket seeds are
phenol, gallic acid, dadzin, genstin, p-OH benzoic and p-coumaric
acids. These results agreed with those mentioned by Yanishlieva
and Marinova (1995).
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From Table (4) it is clear also that celery seeds contained
higher amount of phenolic compounds ( 3167.06 ppm) than those of
rocket seed (1626.15 ppm). It could be easily concluded that the
higher level of phenolic compounds in both rocket and celery seeds
are responsible for their antioxidant behavior.

Table (4). HPLC of Phenolic components (ppm) for methanolic
extracts of rocket and celery seeds.

Components Rocket Celery
Galic 220.31 4.43
p-OH benzoic 120.86 7.18
Caffeic 0.00 155.80
Phenol 530.87 596.50
p-coumaric 96.93 176.06
Salicylic 10.39 781.36
Ferulic 8.60 153.66
Cinnamic 19.16 0.00
Quercetin (.00 544.53
FEuganol 0.08 0.00
Chrysin 0.00 0.08
Galangin 0.00 0.24
Pinostrobin 0.00 0.00
Vanillin 0.00 ‘ 7.65
3,3 %;fz‘;tf‘oxy 0.67 0.89
Catechine 0.36 347.90
Dadzin 197.05 150.90
Genstin 189.69 1.61
Dadazian 58.92 14.31
Gestein 6.49 1.96
Pyrogallic 71.47 0.00
Rutin 94.30 138.92
Kaempherol 0.00 83.08

Total 1626.15 3167.06
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4.Antioxidant activity:

The antioxidant activity of the ethyl acetate extract of rocket
and celery seeds was carried out on sunflower oil free from
antioxidant by using the method of activity test according to
Egyptian standard (1975). The results in Table (5) show the effect
of 0.01% ethyl acetate extracts of rocket and celery seeds on the
stability of the oil, where the peroxide values for the drawing
samples after 1, 2, 3, hours were 2.312, 2.321 and 2.350 meq.
0,/1000 gm oil for ethyl acetate extract of celery seed, while the
results in the same Table for ethyl acetate extract of rocket seeds
gave 2.313, 2.333 and 2.370 meq. O,/1000 gm oil at the same time
respectively.

Table (5). Peroxide values of oil samples treated with ethyl
acetate extracts as antioxidant.

Peroxide value
Treatment
1 hour 2 hour 3 hour
Control 2.330 2.370 2.440
Ethyl acetate extract of 2313 2333 2370
rocket seed
Ethy! acetate extract of 2312 2321 2.350
celery seed
BHT 2.320 2.350 2.400

The method of activity test revealed that, the raise of peroxide
value in treated oil samples with antioxidant do not increase than
the half raise of peroxide value in control sample (without
antioxidant} under the same condition, this proved that the natural
antioxidants used in this research is very active as mentioned in
Egyptian standard (1975).

These results indicate that using of ethyl acetate extract of
celery seed is more effective than the other one of rocket compared
with BHT as artificial antioxidant. The peroxide value of the
original crude oil samples was 2.30 meq.0,/1000 gm oil. The
peroxide value of original sample must not be increase more than
3.0 as mentioned in Egyptian standard (1975).
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On the other hand, these results were evaluated also by
measuring acid value and iodine value. Table (6) revealed the acid
and iodine values of the oil samples treated with ethyl acetate
extracts of rocket and celery seeds compared with control.

Table (6). Acid and iodine values of oil samples treated with
ethyl acetate extracts as antioxidant.

Acid value Iodine value
Treatment r
Lhour | 2hour | 3hour | 1 hour | 2 hour | 3 hour
Control 0.850 | 0.880 0.884 11920 | 115.16 | 109.10
Ethyl acetate extract of rocket seed | 0.589 0.683 0.774 147.76 | 140.10 | 98.82
Ethyl acctate extract of celery seed 0.33 0.45 0.55 11922 | 1i5.67 | 110.35
l_ BHT 0.34 0.50 1.00 11468 | 106.77 | 105.58
- |

The acid value of control sample after 1,2, 3 hours under the
same condition were 0.850, 0.880, 0.884 respectively, while the
sample treated with ethyl acetate extracts of rocket gave acid values
of 0.589, 0.683 and 0.774 respectively. Also, the acid values for the
ethyl acetate extracts of celery were 0.33, 0.45 and 0.55
respectively. The acid and iodine values of the original crude oil
sample were (.46 and 110.09, respectively.

From the obtained results in Table (6) it was clear that acid
value of the treated samples with the two extracts were lower than
the control, but the ethyl acetate extracts of celery seed was more
effective than the other one of rocket seed. Finally, it can be
deduced that the ethyl acetate extracts of rocket and celery are
considered as antioxidants which have high ability to protect the oils
from oxidation, may be due to their contents of phenolic compounds
which are able to neutralize free radical and prevent unsaturated
fatty acid oxidation as mentioned by Adel-Moein et al., (2006).

Conclusion: The present study proved that the examined extracts
had positive inhibition on the growth of pathogenic fungi. Also,
these extracts can be used as natural antioxidants to improve the
stability of oils. Thus utilization of these plant extracts achieved
health improvement. i



J. Biol. Chem. Environ. Sci., 2009, 4 (3), 779-793 701

REFERENCES

A. O. Al C. (1975). Association of official analytical chemists
official methods of analysis. 12% Ed. The Association,
Washington D. C.

A.O.A.C. (1990). Official methods of analysis of the association
official analytical chemists. 15" Ed. Published by the
association of official analytical chemists. INC. suite 400, 200
Wilson Baulevard-Arligton Virgina 22201 USA, pp 69-90.

Adel-Moein, N. M.; Eblesam, A. M.; Osama, A. Ab. and Emam, A.
H. (2006). Antioxidant and antitamor activity of the essential oil
and ethanolic extracts of thyme (thymus vulgaris L.) leaves. J.
of Agric. Sci, Mansoura Univ., 31 (2): 1137-1150.

AZZA, R. E.; Kamal, R. H.; Fekry, W. Sh.; Waheed, M. A
Hemmat, M. A. and M. Sharaf. (2006). Antimicrobial activity of
meal extracts and isolated some falvonoids from T.
alexandrinum and E. sativa seeds. J. Beil Chem. Environ. Sci, 1
(1): 69-86.

Balbaa, S. I (1981). Medicinal plant constituents. pp. 65-71.
academic press, New York, London.

Barillari J; Canistro D; Paolini M; Ferroni F; Pedulli GF; lori R and
Valgimiglil, L. (2005). Direct antioxidant activity of purified
glucoercis, the dietary secondary metabolite contained in rocket
(Eurca Sativa mill) seeds and sprouts. J. Agric food chem., 53
(7): 2475-2482 .

Ben-Hammouda, M.; Kremer, R. J; Minor, H. C. and Sarvvar, M.
(1995). A chemical basis for differential allelopathic potential of
sorghum hybrids on wheat. J. Chem. Ecol, 21: 775-786.

Chevalier, A. (1998). The encyclopedia of medical plants. DK
publishing Inc. 95 Madison Ave., New york. pp. 61.

Chkhikvishvili, L. D, and Gogiya, N. N. (1995). Flavonoids of
mandarin fruit wastes and their fungistatic on the fungus phoma
tracheiphila. Appl. Biochem. Microbiol., 31. (3): 292-296.

Claus, E. R. (1967). Pharmacognosy 5™ Ed. Herny kinpton, Co. Inc.
London.

Curini, M.; F. Epifono; L. Menghinil and R. Pagiotti (2004).
Falvonoids and tocopherols from paronychia Kapela. Chemistry
of Natural compounds 40 (2): 190-191.




792 PHYTOCHEMICAL STUDIES ON CELERY AND GARDEN

Egyptian standard (1975). Antioxidant for edible vegetable oil.
Activity test 5/2. Egyptian organization for standardization.

El-Missiry M. A.; Ei-Gindy A. M. (2000). Amelioration of alloxan
of induced diabetes mellitus and oxidative dress in rats by oil of
Eruca sativa seeds. Ann Nutr Metab. , 44 (3): 97-100 .

Fieser, L. F. and Fieser, M. (1959). Steroids. Rinhold publishing.
New York 132.

Jayaraman, J. (1985). Laboratory Manua!l in Biochemistry. pp. 132-
135. Wiley Eastern Limited . New Delhi, N. Y.

Junichi, K.; Toru, 1. and Mitsuru, S. (2003). Polar constituents of
celery seeds. Phytochemistry 64: 1003-1011.

Kanya, T. C. S and M. Kantharai (1989). Studies on Tararira (Eruca
Sativa) seeds oil and meal. J. A. O. C. 8. 66 (1): 139-140.

Kiang , A. K. (1961). J. Pharmacol. 13, 98 .

Kowalczyk, A. ; J. Krzyzanowska (1999). Preliminary antifungal
activity of some dipsaceae family plants. Herba Polonica 45 (2):
101-107.

Larson, R. A. (1987). Review article number 30. The antioxidants
of higher plants. Phytochemistry, 27: 969-978.

Mahran, G. H.; H. A. Kadry; Z. G. Isaac; G. K. thabet; M. M. Al-
Azizi and M. M. E}-Olemy (1991). Investigation of diuretic drug
plant. Phytochemical screening and pharmacological evaluation
of anethum graveolens L., Apium graveolens L., Daucus Carota
L. and Eruca sativa mill. Phytotherapy Research 5 (4): 169-172.

Perry, L. M. (1980). Medicinal Plants of East and South East Asia,
MIT. Press, London, P.413.

Romo, J. (1966). Isolation and identification of sterols and
triterpenes. Tetrahedron 22 (14): 1723-1728.

Trease, G. E. { 1961). Text book of pharmacognosy Baiilier. Tindall
and Cox, London 8% ed. P. 596.

Yanishlieva, N. V. and Marinova, E. M. (1995). Antioxidant
activity of selected species of the family Lamaceae grown in
Bulharia. Nahrung, 30: 458-463.



1. Biol. Chem. Environ. Sci., 2009, 4 (3), 779-793 793

sl e sl Hed o dilianS ghd Sl )
AAIPY BV R PEVEPIPPTT VWA [PL AP [V I ST W WG ER I -V )
* o dass olia

s — by guaiall Anala — Fed A — el M cliall ol *
raa = 5 gaciial Amaln = e o) Ap @ A — ) il SLaBYY il ¥

5% S el a8y el Gl o s gally (b pS aadty Gl Sl aall e
kl:\.\_:ﬂ__,hj'l J__“ui.__l\.ul'. LZ}\_\S)AH HJLJ_&F’JMQMQLJM‘ PR
Jadall adat il At G AlSH Y il il gleadt y <ala il 5 lagi il
S a4l gyl 23 Y el ey 2 il e Ay pne Cilyie Aaud 5
e 3850800 Lo g g il 58V Toa Ll 8 3 3 Cilpdas el adat
FRIty L E
Creddind 28 g din yaall oy yadll A3HA 6 YL (e AiBall il 5 Saall LLEY oLkl
Lebleld o 51 ¢ dpagpls 300ST Clalia oS Loagd Slall 5 e Aaduill cobialiiual
Dl Y Qhu@l&ludi@ti\;};@)lmwdgwg_:ﬁbsluﬁi lia S
FEP LA IV PRPRLIVEL BEVS PEQU RS X PO P YIS JEN LR P

ol (e JS hy 8 A5l LS el By iy paiy Al a3 ad
Oma S O gl oyl g el Mo Al s gila g ySH Jlaill el i€ gud 5l
Cadadl s S iall Gaea g il e Aals 2 gid S ja ol siag Gl
s e sini Laby pom el Hody (B elyy Wl e oSy pan 1Ll g Cplesadl
O 580 5 il g il JUAl men A1 A0 il ISyl aal o i <l
ol 5% e Ol 5 a5 5K g LSl nas gi3A0 8y g ol g (el
28y o ySH 00 Cre e g ull (aea g Jsila W g clialinall aes i) Laiy
Aprgals 5ausT Clabiaes Aata b 35 Ol (e S g8 5 g gt Y il 03] IS






