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ABSTRACT

The components of five common commercial Egyptian essential oils; caraway, 
cumin, basil, thyme, and rose oils, were identified using gas chromatography/
mass spectrometry (GC/MS) and Kovats retention index. For each oil the main 
components were reported. Their biological activities, including deoxyribonucleic 
acid (DNA) damage, protein cleavage, antioxidant, antimicrobial and anti-diabetic 
effect were tested. The effect of photo-oxygenation reaction on their biological 
activities, using UV-irradiation in the presence of singlet oxygen sensitizer was 
investigated. 

Keywords: Essential oils; Caraway; Carum carvi; Cumin; Cuminum cyminum; Basil; 
Ocimum basilicum; Thyme; Thymus vulgaris; Rosa damascema; Free radical sca-
venging; DNA and protein cleavage; Antioxidants; Antimicrobial; Hypoglycaemia; 
Photo-oxygenation.

RESuMEN

Se analizaron cinco aceites esenciales comerciales de Egipto: aceite de alcaravea, 
comino, albahaca, tomillo y rosas, por cromatografía de gases acoplado a espec-
trometría de masas y utilizando el índice de retención de Kovats para identificar a 
sus componentes. Se reportan los componentes principales de cada aceite. También 
se probo la actividad biológica de cada acite sobre el daño al ADN, la ruptura de 
proteínas, la actividad antioxidante, antimicrobiana y antidiabética. También se 
investigó el efecto de la fotooxigenación, por irradiación con luz UV. En general la 
fotooxigenación aumentó el daño sobre el AND y las proteínas, lo que pone de mani-
fiesto la importancia de proteger los aceites esenciales de la luz y la oxigenación.
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INTROduCTION

Essential oils are of great importance and 
are used extensively in our daily-life in va-
rious domains of human activities such as 
aromatherapy, food flavoring fragrances, 
cosmetics and pharmacy. The investigated 
essential oils are obtained from local mar-
ket for Caraway (Carum carvi L.); Cumin 
(Cuminum cyminum L.); Basil (Ocimum 
basilicum); Thyme (Thymus vulgaris L.) and 
Rose (Rosa damascema L.). The biological 
properties of these essential oils as well 
as their applications have been studied 
extensively by several workers, (Nicola et 
al., 2005; Peter, 2001; Micklefield, 2000; 
Opalchenova, 2003).     

The unsaturated compounds of es-
sential oils are easily oxidized to products 
as alcohols, ketons, acids or aldehydes, 
depending on the oxidation conditions and 
consequently there will be a change in their 
biological properties. 

This article aims to study the effect of 
photo-oxygenation on biological activities 
of the mentioned commercial essential oils. 
This was performed by using photolytic sin-
glet oxygen sensitizer. The biological pro-
perties that have been investigated are DNA 
and protein oxidative damage, antioxidant, 
antimicrobial and antidiabetic activities 
(Dawidar et al., 2010; Hussien, 2006).

MATERIALS ANd METHOdS

Chemicals
Caraway, cumin, basil, thyme and rose 
essential oils were purchased from Harraz 
Drug stores, Bab El-Khalk, Cairo Egypt. 
The chemicals used in this study are of  an-
alytical reagents or molecular biology grade 
and were obtained from Sigma, BDH chemi-
cals LTD. Albino rats, with an average body 
weight of 100 to 120 g, were purchased from 
National Research Center, Giza, Egypt.  The 
chromosomal DNA was supplied by one of 
the authors (M. Mahfouz).                                                                 

Instrumentation
Infrared spectra were measured on thin 
films cast from chloroform, and performed 
on Mattson 5000 FT-IR spectrometer by 
sample oil films. Ultra violet spectra were 
determined using Unicom UV/Vis, UV 
spectrophotometer. The photo-oxygenation 
reaction was carried out by a photo-oxygen-
ation apparatus which consists of a sodium 
lamp (Phillips G/5812 SON) for photolysis, 
cylindrical jar (15 w x 20 l x 30 h cm) filled 
with ethanol, sample tube inserted in the 
jar and cooling unit with alcoholic ther-
mometer. Dry oxygen was supplied from 
external cylinder. The distance between 
sodium lamp and sample tube was 10 cm. 
Optical rotation of the investigated oils were 
determined using Euromax microscopes 
b.v polarimeter (nr. Po 450 model) with tube 
length 10 cm and sodium lamp. Refractive 
index were performed by ABBE-Refracto-
meter model G VEB Carl Zeiss JENA.

Isolation of essential oils by hydro-distillation
Each oil (200 g) was placed in a 2 L round-
bottom flask with 1 L of deionized water. 
The solution was steam-distilled for 4 h. 
The distillate was extracted with 100 mL of 
dichloromethane. The extract was dried over 
anhydrous sodium sulfate and the solvent 
was removed by using a rotary evaporator.

Infrared absorption bands of caraway oil
IR, [ν,(oil film),cm-1]: 3350, br. band (OH), 
3019 (CH, aromatic, str.), 2964, 2933, 
2875 (CH, aliphatic, str.), 1702 (non con-
jugated CO), 1673 (conjugated CO), 1606, 
1575, 1459 (C=C, aromatic and aliphatic), 
1382 (isopropyl moiety), 1305, 1211, 1172 
(C=C–O–C–aliphatic),1054, 833 (terminal 
methylene group), 727.

ultra Violet absorption of caraway oil
UV, λmax. (ethanolic solution), nm: 317 and 
259.

Infrared absorption bands of Cumin oil
IR, [ν, (oil film), cm-1]: 3380 - 3494 br. band 
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(OH, str,), 2964, 2933, 2875, 2831 (CH, 
aromatic and CH aliphatic), 2724 (CH, alde-
hydic proton, str.), 1671, 1698 (non conju-
gated and conjugated CO), 1605, 1573 (C=C 
aromatic and aliphatic), 1459, 1430, 1388 
(isopropyl moiety), 1305, 1284, 1211, 1172 
(C=C–O–C–aliphatic ), 1054, 835 (terminal 
methylene group), 757, 727.

ultra Violet absorption of Cumin oil
UV, λ max. (ethanolic solution), nm: 318 
and 260.

Infrared absorption bands of Basil oil
IR, [ν, (oil film), cm-1]: 3455 br. band (OH), 
2954, 2927, 2867 (CH, aromatic and ali-
phatic, str), 1722 (non conjugated CO) 1639, 
1612, 1511 (C=C aromatic and aliphatic), 
1450, 1373 (isopropyl moiety), 1299, 1245, 
1035, 995 (propenyl group), 914, 815.

ultra Violet absorption of Basil oil
UV, λ max. (ethanolic solution), nm: 285, 
278 and 251.

Infrared absorption bands of Thyme oil
IR, [ν, (oil film),cm-1]: 3388-3229 br. band 
(OH), 2962 (CH, aromatic, str.), 2927, 2877 
(CH, aliphatic, str.), 1444, 1429, 1376 
(isopropyl moiety), 1288, 1228, 1157, 808, 
759.

ultra Violet absorption of Thyme oil
UV, λmax. (ethanolic solution), nm: 281, 275 
and 242.

Infrared absorption bands of Rose oil
IR, [ν (oil film), cm-1]: 3434-3377 br. band 
(OH, str.), 3011 (CH, aromatic, str.), 2965, 
2927, 2879 (CH, aliphatic, str.), 1663 (con-
jugated CO), 1451, 1379 (isopropyl group), 
1217, 1047, 762, 700 and 668.

ultra Violet absorption of Rose oil
UV, λmax. (ethanolic solution), nm: 247, 285 
and 304.

GC/MS identification of essential oils 
components
The components of the essential oils were 
identified by GC/MS instrument (Va-
rian GC interfaced to Finnigan SSQ 7000 
Mass Selective Detector, MSD) with ICIS 
V2.0 data system for MS identification 
of the GC components. The column used 
was DB-5 (J & W Scientific, Folosm, CA) 
cross–linked fused silica capillary column 
(30 m long, 0.25 mm internal diameter) 
coated with polydimethylsiloxane (0.5 μm 
film thickness). The oven temperature was 
programmed from 50oC for 3 min., at iso-
thermal, then heating by 7 oC / min. to 250 

oC and isothermally for 10 min., at 250 oC. 
Injector temperature was 200 oC and the 
volume injected was 0.5 μl. Transition–line 
and ion source temperature were 250 oC 
and 150 oC respectively. The mass spec-
trometer had a delay of 3 min. to avoid the 
solvent peak and then scanned from m/z 
50 to m/z 300. Ionization energy was set 
at 70 eV. Kovats retention index were de-
termined by co-injection of the sample with 
a solution containing homologous series of 
n-hydrocarbons (C9-C22) in a temperature 
programmed run identical to that described 
for the samples under investigation. 

The separated components were identi-
fied by matching with the NIST mass-spec-
tral library data, comparison of the Kovats 
retention index with those of authentic com-
ponents and with authentic spectra (Adams, 
1995). The percentage composition of the 
essential oil was computed in each case from 
GC peak areas without correction. 

Photo-oxygenation
A solution of each of caraway, cumin, ba-
sil, thyme, rose essential oils, d-carvone 
and geraniol (1 ml) in chloroform (50 ml) 
and a few milligrams of hematoporphyrine 
(HP) was irradiated externally by mean of a 
sodium lamp (Philips G/5812 SON) at -20 
0C for 24 hrs. During the irradiation a con-
tinuous stream of dry oxygen was allowed 
to pass through the reaction mixture at a 
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slow rate to avoid the solvent evaporation. 
The hydroperoxide formation was followed 
up by TLC (silica gel 60 GF 254, 10% Po-
tassium iodide as a spray reagent). The 
solvent was removed at 20 °C/0.1 torr to 
give oily material. The crude photoproduct 
was purified from hematoporphyrine (HP) 
by silica gel CC using petroleum ether, ethyl 
acetate (3:2) as an eluent.

dNA Assay
A solution of essential oil (10μl) in 10 μl 1% 
dimethyl sulfoxide (DMSO) was mixed with 
10 μl of chromosomal DNA solution. The 
mixture was incubated for 3 hours at 37°C. 
DNA was analyzed by using horizontal 
agarose gel electrophoresis. The gels were 
photographed using a digital camera. The 
same procedure was repeated with photo-
oxygenated essential oils and authentic 
sample before and after photo-oxygenation 
(Dawidar et al., 2010; Hussien, 2006).

Protein Assay
A solution of essential oil (10μl) in 10 μl 
1% DMSO was mixed with 10 μl of bovine 
serum albumin solution. The mixture was 
incubated for 3 hours at 37°C. The electro-
phoresis apparatus was connected to the 
power supply with 80 V for 2 hours. The 
gel was photographed after staining. The 
same procedure was repeated with photo-
oxygenated essential oils and authentic 
sample before and after photo-oxygenation 
(Dawidar et al., 2009).

Antioxidant Activity 
Assay of superoxide dismutase activity: 
Superoxide dismutase (SOD) activity was 
assayed by the procedure of Niskikimi et 
al., (1972). 

1,1`-Diphenylpicrylhydrazyl (DPPH) 
assay: In this spectrophotometric assay, a 
stable DPPH radical is used as a reagent 
(Miliauskas et al., 2004). Inhibition of 
DPPH in percent (I %) was calculated.  Both 
methods were used in vitro and tests were 
carried out in triplicate.

Antimicrobial Activity 
The investigated samples were individually 
tested against four bacterial strains inclu-
ding Bacillus thuringenesis, Bacillus subtil-
lus as Gram positive and Escherichia coli, 
Klebsiella pneumonia as Gram negative, as 
well as two fungal strains; Apsergillus fla-
vus and Trichoderma harzianum. The disc-
agar diffusion method was employed for the 
determination of antimicrobial activities of 
the investigated samples. Filter paper discs 
(6 mm in diameter) were impregnated with 
50 μl of the oil and placed on the inoculated 
plates. The procedure used by Lacobellis 
et al., (2005) was applied. All tests were 
performed in duplicate. 

Glycaemic activity
Chemicals and experimental animals                        
Streptozotocin (STZ) was obtained from 
sigma. Other chemicals used were pur-
chased from EDWIC. All experiments were 
performed using adult male albino rats, 
with an average body weight of 100 to 
120 g, purchased from National Research 
Center, Giza, Egypt. The rats were housed 
in steel mesh cage and provided with com-
mercial diet and tap water, and allowed to 
adapt to the environment for one week after 
their arrival before the experiment started.                                                                                            
                                          
Experimental procedure 
Diabetes was induced by intravenous in-
jection of streptozotocin (65 mg/Kg body 
weight; STZ was dissolved in 0.05M sodium 
citrate buffer, PH 4.5) into a lateral lail 
vein. The control rats were injected with the 
same volume of vehicle. Three days after the 
injection, the diabetic animals were ran-
domly assigned to two groups: STZ-diabetic 
untreated rats (group 1) and STZ-diabetic 
treated rats (group 2). The group 2 indivi-
dually received investigated oils by gavages 
(2 ml/ kg body weight). During two hours 
of treatment, the animals were housed in 
steel mesh cage and were given free access 
to water and a powdered diet. After 2 hours 
blood samples were collected from the me-
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dial canthus of the eye for measuring blood 
glucose levels by One Touch blood glucose 
meter from life scan (Eddouks  et al., 2004) 
(Johnson & Johnson Company USA). The 
procedure used by (Cheng-Tzu Liu et al., 
2006) was applied.                                             

RESuLTS ANd dISCuSSION

GC/MS and Kovats retention index analy-
ses were performed for the five investigated 
essential oils (Tables 1). The identification 
of d-carvone was supported by IR (1673 cm-

1). An absorption band appeared at 1720 
cm-1, characteristic to the carbonyl group 
of both perilladehyde and isomenthone. 
d-Carvone in caraway essential oil, was 
detected by UV absorption (λmax 317 nm). 

In agreement with the cumin oil, it 
was reported by Georgiev et al. (1988) that 
Bulgarian, Egyptian and Turkish cumin 
essential oil components were cuminalde-
hyde (22-46%), p-cymene (9-23%), β-pinene 
(15-18%) and γ-terpinene (4-23%). 

It is important to report that the sesqui-
terpenes, caryophyllene, khusimone, carotol, 
guaiol, cedranone, cadinol, which were identi-
fied from the volatile fraction of commercial 
basil oil were not detected by Karaway et al., 
(1974), Hoertrammer et al., (1964) in a labo-
ratory prepared Egyptian basil oil.
Egyptian basil oil, basil volatile fraction and 
laboratory prepared sample, resembles type 
2 of Benin basil, type 2 of Italian basil, type 
3 of Turkish basil, type 1 of Iranian basil 
and European type basil oil, all of them 
contain linalool and methyl chavicol as 
main constituents (Panuwat et al., 2003). 
The oils differed especially with respect to 
the relative amounts of linalool, methyl 
chavicol and the sesquiterpenes.
The aromatic odour of the thyme oil is 
mainly related to thymol and carvacrol. The 
thyme commercial oil investigated here be-
longs to the thymol chemotype; which may 
be adulterated by origenum oil (carvacrol 
type oil) (Schulz et al., 2003).

Literature survey revealed no information 
about the effect of photo-oxygenation on 
the biological properties of the essential 
oils. The photo-oxygenation was evidenced 
from the change of densities (Table 2). No 
significant changes in the refractive indi-
ces were observed, before and after photo-
oxygenation. The hydro-peroxide formation 
was detected by TLC and potassium iodide, 
as well as by the IR spectrum.
Reactive oxygen species such as free radicals 
like hydroxyl radical (•OH) or non free radical 
such as singlet oxygen (1O2) have a damage 
effect on deoxy ribonucleic acid (DNA) and 
proteins. This damage may cause aging, 
cancer and many other di-seases (Gülçin 
et al., 2003). Table 3 reports the results for 
the five investigated essential oils, in addi-
tion to d-carvone and geraniol as the major 
constituents of caraway and rose oils. The 
table revealed that the effect of the oils before 
photo-oxygenation was in the following des-
cending order: rose> basil> thyme=cumin> 
caraway, while the protein oxidative dam-
age order was rose = thyme > basil = cumin. 
Caraway and d-carvone showed no effect 
on both DNA and protein. After photo-oxy-
genation, caraway, cumin, basil, thyme and 
rose essential oils all showed strong DNA and 
protein cleavage effect and also d-carvone, 
while geraniol showed a moderate effect. In 
the protein oxidative damage, all showed 
strong effect except caraway and rose which 
showed no effect. Generally, photo-oxyge-
nation enhanced the damage effect of both 
DNA and protein. 

Antioxidants act as radical-scavengers, 
and inhibit lipid peroxidation and other 
free-radical mediated process. Therefore, 
they are able to protect the human body 
from several diseases (Epe et al., 1993). In 
our study two complementary test systems 
were used which are 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) (Miliauskas et al., 2004) 
and superoxide dismutase (SOD) (Niskikimi 
et al., 1972) like activity assays to evaluate 
the investigated essential oils, before and 
after photo-oxidation.
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Table 1: The GC/MS data of the volatile fraction of Egyptian commercial caraway oil
  Molecular
 Base Ion Peak
 peak    (M) Molecular Conc. Kovat’s
Chemical constituents (m/z) % m/z Formula % Index
The GC/MS data of the volatile fraction of Egyptian commercial caraway oil
d- Limonene 93 72 136 C10H16 33.53 1035
Benzyl alcohol 108 100 108 C7H8O 1.24 1038
O-Cresol 108 100 108 C7H8O 12.91 1025
Isomenthone 41 36 154 C10H18O 1.1 1165
Methyl chavicol 148 100 148 C10H12O 1.7 1195
d-Carvone 82 30 150 C10H14O 42.61 1243
Perillaldehyde 68 56 150 C10H14O 2.37 1275
β-Patchoullene 180 80 204 C15H24 1.14 1379
The GC/MS data of the volatile fraction of Egyptian commercial cumin oil
β-Pinene 93 68 136 C10H16  2.45 980
p-Cymene 119 60 134 C10H14 12.12 1024
γ-Terpinene 93 64 136 C10H16 9.77 1059
Cumin aldehyde 133 82 148 C10H12O 23.37 1240
Ocimenone 121 62 150 C10H14O 4.28 1242
Cuminol 150 100 150 C10H14O 13.44 1284
Carvacrol ethyl ether 43 32 178 C12H18O 5.18 1298
d-Elemene 147 20 204 C15H24 1.22 1335
β-Patchoulene 119 16 204 C15H24 1.58 1383
β-Longipinene 41 16 204 C15H24 2.65 1395
cis-Thujopsene 119 24 204 C15H24 5.71 1427
γ-Elemene 93 82 204 C15H24 1.56 1430
γ-Thujaplicin 149 52 164 C10H12O2 2.11 1478
Carotol 161 4 222 C15H26O 2.94 1592
The GC/MS data of thevolatile fraction of Egyptian commercial basil oil
β-Pinene 93 20 136 C10H16 1.62 982
1,8-Cineol 43 30 154 C10H18O 4.37 1035
Linalool 43 - 154 C10H18O 20.15 1100
β-Terpineol 43 20 154 C10H18O 1.17 1144
Methyl chavicol 148 100 148 C10H12O 19.51 1196
trans-Anethole 41 40 148 C10H12O 1.56 1285
Caryophyllene 41 5 204 C15H24 1.62 1470
Khusimone 131 18 204 C14H20O 9.32 1597
Carotol 43 - 222 C15H26O 3.2 1600
Guaiol 43 - 222 C15H24O 6.13 1605
Cedranone 43 12 220 C15H24O 2.53 1618
Cadinol 43 - 222 C15H26O 8.92 1645
The GC/MS data of thevolatile fraction of Egyptian commercial thyme oil
Tricyclene 93 20 136 C10H16 5.34 925 
α-Thujene 91 20 136 C10H16 2.27 929
α –Pinene 93 30 136 C10H16 8.25 940
α –Fenchene 93 30 136 C10H16 4.72 949
Camphene 93 54 136 C10H16 1.38 955
α -Terpinene 93 76 136 C10H16 2.05 1016
o-Cymene 119 44 134 C10H14 4.56 1019
γ-Terpinene 93 98 136 C10H16 15.62 1059
Terpinolene 136 100 136 C10H16 5.23 1085
Terpin-4-o1 43 36 154 C10H18O 1.4 1176
Iso-Dihydro carveol 41 25 154 C10H18O 2.86 1212
Ocimenone (z) 135 39 150 C10H14O 3.05 1232
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The antioxidant bioassay results for the 
investigated essential oils are reported in 
table 4. 

Before photo-oxygenation, the DPPH as-
say indicated that the investigated regular 
essential oils have free radical scavenging 
activity (as antioxidant effect) in the follow-
ing descending order; rose > thyme > basil 
> cumin > d-carvone > caraway > geraniol. 

The SOD assay showed that caraway and 
d-carvone do not have effect, but cumin, 
thyme and geraniol on the other hand ex-
hibited large free radical scavenging acti-
vity. After photo-oxygenation, DPPH assay 
indicated that the investigated photolytic 
essential oils  have free radical scavenging 
activity in the descending order;  basil > d-
carvone > thyme > cumin>caraway = rose 

Continua...

Thymol 135 48 150 C10H14O 12.61 1289
Carvacrol 135 33 150 C10H14O 4.29 1296
γ-Caryophyllene 41 8 204 C15H24 2.08 1406
Butylated Hydroxy-Toluene 205 32 220 C15H24O 1.2 1511
Spathulenol 43 16 220 C15H24O 6 1574
The GC/MS data of thevolatile fraction of Egyptian commercial rose oil

Phenyl ethyl alcohol 91 66 122 C8H10O 5.23 1115
Citronellol 41 12 156 C10H20O 24.98 1229
Geraniol 41 8 154 C10H18O 45.87 1256
Ionone (6-Me-γ-E) 135 24 206 C14H22O 4.18 1478
β-Ionone (E) 177 8 192 C13H20O 3.27 1485
Ionone (6-Me-α-E) 93 8 206 C14H22O 4.09 1518

Table 2: Physical character of the regular and photo-oxygenated essential oils

Oil Density (d) g/ml at 20 C Refractive index [n]c D
 Regular oil photo-oxygenated oils Regular oil photo-oxygenated oils
Caraway 0.9661 1.106 1.483 1.490
Cumin 0.9184 1.260 1.485 1.498
Basil 0.9961 1.350 1.504 1.500
Thyme 0.8896 1.210 1.489 1.481
Rose 1.0183 1.520 1.475 1.778

Table 3: DNA and protein bio-assay of the investigated essential oils

 Degree of DNA damage Degree of protein damage
 BPO APO BPO APO
 Control +1 +1 +1 +1
  Control +DMSO +1 +1 ------ -------
 Caraway +1 +5 +1 +1
 Cumin +3 +5 +3 +5
 Basil +4 +5 +3 +5
 Thyme +3 +5 +5 +5
 Rose +5 +5 +5 +1
 d-carvone +1 +5 +1 +5
 Geraniol +2 +3 +1 +2

BPO = before photoxygenation reaction; APO = after photooxygenation reaction +1 means the height of the 
band in the control experiment; +2 means double of control; and so on. 

Sample
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> geraniol. The SOD assay showed also 
that generally the antioxidant property is 
enhanced by photo-oxygenation in the des-
cending order; cumin > d-carvone > basil > 
thyme > caraway > geraniol = rose. The in-
creasing of free radical scavenging activity 
by photo-oxygenation may be explained by 
the probable increasing of phenolic content 
(Al-Ismail and Aburjai, 2004). 

It was reported by Tomaino et al., (2005) 
that basil and thyme essential oils exhi-
bited good antioxidant properties which 
is in agreement with our results (Table 4). 
Al-Ismail and Aburjai (2004) reported that 
the higher content of phenolic compounds 
means the higher antioxidant activity ex-
cept in the case of the water extract of dill 
seeds, which had the lowest phenolic con-

tent but showed higher antioxidant activity 
than anise seed extract. It is worthwhile 
mentioning that cumin and basil essential 
oils were reported by Aruna and Sivara-
makrishnan (1996) as anticarcinogenic.

Essential oils as antimicrobial agents 
received comprehensive studies by several 
authors (Nicola et al., 2005; Hudaib, 2002). 
The investigation of the five commercial 
essential oils before and after photo-
oxygenation as antimicrobial agents were 
performed against the fungal (Aspergillus 
flavus and Triechoderma harzianum) and 
bacterial (Gram positive: Bacillus thuringen-
esis, Bacillus subitilus and Gram negative:  
Escherichia coli, Klebsiella pneumonia) 
strains. The obtained results are reported 
in table 5.

Table 4: The antioxidant activity of essential oils and some of their major constituents by mean of SOD and 
DPPH radical

  Antioxidant Activity
 No. Sample SOD % DPPH %

  BPO APO BPO APO
 1 Caraway Zero 55.02 44.98 49.03
 2 Cumin 80.50 89.50 53.91 86.02
 3 Basil 0.313 70.63 71.99 92.45
 4 Thyme 85.15 56.56 78.76 88.35
 5 Rose 0.313 0.313 92.01 49.08
 6 d-Carvone Zero 83.88 49.97 89.46
 7 Geraniol 99.4 0.313 34.88 38.49

Table 5: The diameter of inhibition zone (mm) of investigated commercial oils and some of their main cons-
tituents 

Sample Bacterial strain Fungal strain
 Gram- Possitive GramG- Negative 
 Bt Bs Ec Kp Af Th
 BPO APO BOP APO BPO APO BPO APO BPO APO BPO APO

Caraway 8 21 19 19 34 24 9  - 60 20 Comp. Comp.
Cumin 14 24 16 17 22 28 10 14  - 20   - 20
Basil 23 27 14 17 28 23 10 17 10  - Comp. Comp.
Thyme 19 24 15 19 20 34 10 22 10 10 10 20
Rose  - 26 17 21 30 28  - 25 10  - 16 20
d-Carvone 32 28 14 14 20 32 11 17 10  -   - Comp.
Geraniol 28 28 16 15 14 30 10 21 10 20 30 Comp.

Bt: Bacillus thuringenesis; Bs: Bacillus subtilus; Ec: Escherchia coli; Kp: Klebsiella pneumonia; Af: Aspergillus 
flavus; Th: Trichoderma harzianum; Comp.: Complete; -: Negative
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After photo-oxygenation, caraway and 
basil oils acrtivity was not changed, d-
carvone, and geraniol showed a complete 
inhibition of fungal grow;  while for cumin, 
rose and thyme oils weak increase of inhibi-
tion effect was observed. 

The antimicrobial activity of cumin oil 
could be due to the high level of cuminalde-
hyde (23.37%), whereas the antimicrobial 
activity of caraway oil is apparently due 
to d-carvone (42.61%). This is in agree-
ment with Lacobellis et al., (2005). It is 
most likely that the decreasing effect of 
the photo-oxygenation reaction on the 
antimicrobial activity of some investigated 
samples probably due to the conversion of 
the alcoholic derivatives to the correspon-
ding aldehydes or ketons.

The search for hypoglycaemic agents from 
plants used in traditional medicine was re-
ported (Fararh et. al, 2004). In this article, we 

tried to test caraway, cumin, basil , thyme and 
rose essential oils as hypoglycaemic agents, 
along with d-carvone and geraniol as major 
individual constituents on streptozotocin 
(STZ)- diabetic rats, via induction by intra-
venous injection (65 mg/kg  body weight in 
citrate buffer, pH 4.5) in a lateral tail vein. 
For measuring blood glucose levels, a blood 
droplet was collected from the eye medial 
canthus after anesthetization using diethyl 
ether, and measured by “One-Touch” blood 
glucose meter. The results (Table 6 and Fig. 
1) indicated that before photo-oxygenation, 
the tested samples are arranged in the hypo-
glycemic descending order; cumin > thyme > 
basil > rose=d-carvone > caraway>geraniol. 
After photo-oxygenation, caraway oil efficacy 
was enhanced as hypoglycaemic agent. On 
the other hand for cumin and d-carvone 
hypoglycaemic effect was inverted by photo-
oxygenation.

Table 6: Changes in blood glucose levels in mg% and glycaemia description in diabetic rat

Samples Control mean Diabetic untreated Diabetic treated Change percentage Glycaemia
  ±SD      mean ±SD mean ±SD (%) of glycaemia Description

 BPO APO BPO APO BPO APO BPO APO

Caraway 90.3±6.8 591.7±7.2 592 ± 7 534.6 ±7.6 451.3 ± 9.9 9.65 23.77 Hypo Hypo
Cumin 90.3±6.8 418.6±4.1 468 ± 2 315 ± 3 596 ± 6.1  24.75 21.48 Hypo Hyper
Basil 90.3±6.8 488.3±3.8 579 ± 3.6 382.7 ± 4.2 359.7 ± 3.2 21.63 37.88 Hypo Hypo
Thyme 90.3±6.8 375.3±7.8 511.7±7.9 290.1± 5.1 175.7 ± 6.8 22.70 65.66 Hypo Hypo
Rose 90.3±6.8 592.3±6.6 586.7 ± 2.7 512.3 ± 6.4 493.3 ± 3.2 13.56 15.92 Hypo Hypo
Carvone 90.3±6.8 592±7. 5 366.3 ± 2.1 509.3 ± 3.2 381 ± 1 13.97 3.86 Hypo Hyper
Geraniol 90.3±6.8 369 ± 1 394.3 ± 0.6 364.3 ± 4.7 447.7 ± 0.6 1.27 11.93 Hypo Hyper

SD: Standard deviation

  

Fig. 1: Glycemic effect of the investigated samples



Effect of photo-oxygenation on biological activities  Rev. Latinoamer. Quím. 38/3 (2010)   177

Several workers have studied various 
essential oils from plant origin as glycaemic 
agents. For example, it was documented 
by Fararh et al. (2002), that essential oil 
of Nigella sativa has hypoglycaemic effect 
in STZ-induced diabetic rats and rabbits. 
Others also reported a hypoglycaemic effect 
of garlic oil in diabetic animals (Cheng-Tzu 
Liu et al., 2006), and in diabetic patient it 
was shown that garlic oil can correct hypo-
glycaemia (Duncan, 1999), Significant and 
potent hypoglycaemic activity was observed 
by myrtle oil in diabetic rats (Sepici et. al., 
2004). The aqueous extract of caraway 
(Carium carvi) produced a significant de-
crease on blood glucose levels in STZ-dia-
betic rats (Eddouks et al., 2004). 

CONCLuSION

In addition to identification of the volatile 
components of oils of caraway, cumin, basil, 
thyme, and rose using GC/MS and Kovats 
retention index, biological activities, inclu-
ding DNA damage, protein cleavage, antioxi-
dant, antimicrobial and anti-diabetic effect 
were studied for d-carvone, geraniol and the 
5 oils before and after photo- oxygenation 
of the oils. The chemical composition could 

be of value in identifying adulteration and 
different chemo-types of these oils. 

Generally, photo-oxygenation enhanced 
the damage effect of both DNA and protein, 
which revealed the importance of essential 
oils to protect from light and oxygen. The 
tested oils act as free radical scavengers, 
both before and after photo-oxygenation. 
The increasing of free radical scavenging 
activity by photo-oxygenation may be ex-
plained by the probable increasing of phe-
nolic content.

The antimicrobial studies indicated that 
caraway and basil are good antifungal agents, 
while d-carvone and geraniol are antibacterial 
against Gram + bacteria. After photo-oxyge-
nation, caraway and basil oils acrtivity was 
not changed, d-carvone, and geraniol showed 
a complete inhibition of fungal grow;  while 
for cumin, rose and thyme oils weak increase 
of inhibition effect was observed

As hypoglycemic agents, the tested sam-
ples are arranged in the descending order, 
before photo-oxygenation: cumin > thyme > 
basil > rose=d-carvone > caraway>geraniol; 
after photo-oxygenation, caraway oil ef-
ficacy was enhanced as hypoglycaemic 
agent. On the other hand for cumin and d-
carvone hypoglycaemic effect was inverted 
by photo-oxygenation.
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