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ABSTRACT

Mohamed Abdelrazek Abdelaleem Hanafy: Studies on the Synergistic

Effect of some Irradiated Essential Oils in some Food Products.

Unpublished Ph. D. Thesis, Department of Food Science, Faculty of

Agriculture, Ain Shams University, 2013.

Cumin, rosemary and thyme essential oils were gamma irradiated. Then,

antibacterial and antioxidant activities were studied to measure the synergistic

effect of their essential oils mixtures. 4, 6 and 4 kGy were the recommended

doses for cumin, rosemary and thyme, respectively according to antimicrobial

activity (agar well-diffusion) against S. typhimurium, S. aureus, B. cereus and

E. coli. There were no changes in the physiochemical properties due to

irradiation but, some changes occurred in the GC/MS analysis where, the

amount of oxygenated compounds increased in cumin and thyme essential

oils while, the oxygenated compounds decreased in rosemary essential oil.

The mixture made from non-irradiated cumin (C0) and rosemary (R0)

essential oils were showed the highest antimicrobial activity against E. coil

and B. cereus at 50 µl. Mixtures made from non-irradiated cumin and thyme

(T0) essential oils showed the highest antimicrobial activity against B. cereus.

Mixtures made form irradiated cumin at dose 4 kGy (C4) and rosemary at

dose 6 kGy (R6) essential oils introduced promising antimicrobial activity as

well as C0XR0 mixture. Fraction inhibitory concentrations (FIC) were studied

against selected four bacterial strains for measuring synergistic activity

however, (FIC) represented indifference in all essential oils mixtures but, the

C0 X R0 mixture against B. cereus (0.375) and E. coli (0.375) was synergy

(below0.5). Furthermore, the FIC shows addition in case of R0XT0, C2XR6,

C4XR6 and R6XT4 against B. cereus. And in case of C4XR6 against S.

typhimurium. Preliminary experiment represented that 0.2, 0.4 and 0.1% were

the acceptable odor in sunflower oil supplemented with rosemary, cumin and

thyme essential oils, respectively. Antioxidant activity was measured with by

Rancimat test and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging



activity method. Rancimat test represented the highest oxidative stability in

sunflower oil supplemented with 0.1% irradiated thyme essential oil at dose

4kGy. While, DPPH radical scavenging activity showed the highest

scavenging activity in irradiated cumin and rosemary essential oils at 4 and

6kGy at concentration 500ppm while, irradiated thyme essential oil

introduced promising result where, the scavenging activity was higher than

that obtained from butylated hydroxytoluene (BHT) at the same

concentration. The preferable mixture of all was C0XT0 where the scavenging

activity at concentration 500ppm was 93.51%. The percentage 0.2% of

mixtures made from both irradiated and non-irradiated cumin, rosemary and

thyme essential oils were added to handmade mayonnaise then mayonnaise

tested organoleptically (odor and taste). C0XR0 and C0XT0 mixtures reduce

the microbial load from 56x103cfu/g to 42x101 and 18x101cfu/g. While,

mayonnaise recipe supplemented with 0.2% of different essential oils

mixtures inoculated with S. typhimurium, all mixtures completely inhibit the

growth of S. typhimurium expect T4 X R6 and C4 X T4 mixtures reduce the

inhibition to 3 x 101 and 6 x 101 cfu/g.

Key words: Gamma irradiation; Thymus vulgaris; Cuminum cyminum;

Rosmarinus officinalis; Essential oils; Synergy
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1. INTRODUCTION

Although desired antimicrobial activity of several essential oils against

pathogenic and spoilage microorganisms are performed in vitro test, it has

generally been found that a higher concentration is needed to achieve the

same effect in foods (Shelef et al., 1984). This fact may lead to an

organoleptic impact as the use of natural preservatives can alter the taste of

food and exceed the flavor threshold acceptable to consumers (Hsieh et al.,

2001 and Nazer et al., 2005).

Gutierrez et al. (2008b) found that lettuce samples treated with 500 or

1000 ppm concentration of thyme and lemon balm essential oils were

rejected because their bad effects on the organoleptic acceptability of foods.

A number of studies have focused on the synergistic activity of the

essential oil in combination with antibiotic to minimize the side effects of the

antibiotic (Mahboubi and Bidgoli, 2010; Rosato et al., 2009 and

Tohidpour et al., 2010), while the combinations of essential oil with other

natural antibacterial compounds (e.g., nisin) was used in food to reduce the

minimum effective dose of essential oil (Solomakos et al., 2008). However,

a few studies regarding the synergistic effects of essential oil combinations to

obtain effective antimicrobial activity at sufficiently low concentrations and

consequently reduce negative sensory impact were performed (Gutierrez et

al., 2009 and De Azeredo et al., 2011). Essential oils in plants generally are

mixtures of abundant components (Burt, 2004), therefore, the synergistic

effects are perhaps more likely to achieve in essential oil combinations.

The concept of synergy is a central theme for many aromatherapy

arguments and interventions. Its existence is often assumed whenever

essential oils are combined with one another in blends and its manifestation

within individual essential oils is often cited in arguments for obtaining and

working with complete, pure and unrefined essential oils. The synergistic

rationale for using combination products looks to producing a dynamic

product that has multiple modes of action, respecting the principle that the
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action of the combined product is greater than the sum total of known and

unknown chemical components (Harris, 2002). Synergistic effects can be

produced if the constituents of an extract affect different targets or interact

with one another in order to improve the solubility and thereby enhance the

bioavailability of one or several substances of an extract. A special synergy

effect can occur when antibiotics are combined with an agent that

antagonizes bacterial resistance mechanisms (Wagner and Ulrich-

Merzenich, 2009).

Early in vitro assays with essential oils showed they had promising

antimicrobial and antioxidant properties, however when applied to food

matrices amounts required to substantially inhibit the bacterial growth were

often higher than would be organoleptically acceptable (Naveena et al.,

2006). Regarding that these high concentrations is likely to impart a certain

flavor to foods, the addition of sub-inhibitory amounts of essential oils in

mixtures may be a way to provide the balance between sensory acceptability

and antimicrobial and antioxidant efficacy.

Although some studies have concluded that whole essential oils have a

greater antibacterial activity than the major components mixed (Gill et al.,

2002 and Mourey and Canillac, 2002), the combination of these major

components with other components that have a weaker activity can achieve a

synergistic effect (Ultee et al., 2000).

In the Middle East, thyme (Thymus vulgaris L.) is found in spice mixtures

such as zahtar from Jordan and dukkah from Egypt. It is used with roasted

sesame seeds, black pepper, and other spices to flavor meat or is eaten with

bread and olive oil (Raghavan, 2007). Cumin (Cuminum cyminum L.,

Apiaceae [Umbelliferae]) is a traditional plant, originally cultivated in Iran

and the Mediterranean region (Grieve, 2005 and Tbaileh et al., 2007).

Cumin has been in use since ancient times. Seeds excavated at the Syrian site

Tell ed-Der have been dated to the second millennium BC. They have also

been reported from several New Kingdom levels of ancient Egyptian
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archaeological sites (Zohary and Hopf, 2000). The seed is widely used as a

food flavoring agent in cheeses, pickles, sausages, soups and bean dishes,

and has several important medicinal uses.

Rosemary (Rosmarinus officinalis L.) is a perennial herb with fragrant

evergreen needle-like leaves. It is native to the Mediterranean region and it

has been cultivated for a long time. It belongs to the Lamaiaceae family,

which comprises up to 200 genera and about 3500 species. The leaves are

evergreen, with dense short woolly hairs. Rosemary has been a significant

herb since antiquity, although rosemary is more familiar to contemporary

Westerners as a kitchen herb used to add a spicy or slightly medicinal flavor

to some foods, it was traditionally used as an antiseptic, astringent, and food

preservative before the invention of refrigeration. Rosemary’s antioxidant

properties are still used to extend the shelf life of prepared foods (Cuvelier et

al., 1996).

Here we report the investigation of an enhancing antibacterial effect when

the essential oils from cumin, rosemary and thyme were used in combination

against autochthonous microflora and some bacteria associated with the

contamination of minimally processed foods and food matrices.

Moreover, the influence of irradiation treatments on these essential oils on

the antimicrobial activity was investigated. The treatment of essential oils

with gamma irradiation did not apply since 1961 as mentioned by

(Fazakerley et al., 1961). Where, irradiation of many essential oils, which

are substantially compounds containing only carbon, hydrogen and oxygen,

induces changes in flavor, odor and chemical composition which are

beneficial.

The aim of our investigation, despite essential oils are expected to be

widely applied as antimicrobials as well as antioxidants, the organoleptical

impact should be considered as the use of naturally derived preservatives can

alter the taste of food or exceed acceptable flavour thresholds. Furthermore,
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combinations of cumin, rosemary and thyme essential oil either irradiated or

non-irradiated may help to minimize concentrations and consequently reduce

sensory impact. Thus, the objectives of this study were to evaluate and

quantify the effect of a range of cumin, rosemary and thyme essential oil

either irradiated or non-irradiated oils in combinations, against four

pathogens, B. cereus, E. coli, S. typhimurium and S. aureus, and to determine

interactive effects of these essential oils and their combinations as

antioxidant in order to optimize applications in food.



2. REVIEW OF LITERATURE

2.1. Essential oils and essential oils formation:

Essential oils are volatile, natural, complex compounds characterized by a

strong odor and are formed by aromatic plants as secondary metabolites.

They are oily liquid, volatile, limpid and rarely colored, lipid soluble in

organic solvents with a generally lower density than that of water. These oils

can be synthesized by all plant parts including buds, flowers, leaves, stems,

twigs, seeds, fruits, roots, wood or bark and are stored in secretory cells,

cavities, canals, epidremic cells or glandular trichomes. They have been

shown to possess antimicrobial, antifungal, antiviral, insecticidal and

antioxidant properties (Kordali et al., 2005a; Bakkali et al., 2008 and

Nanasombat and Wimuttigosol, 2011).

Among vegetative volatiles, the most intensively studied substance is

isoprene, a simple five-carbon terpene emitted from the foliage of many

woody species (Sharkey and Yeh, 2001a). The function of isoprene is still

controversial, and this compound may act to increase the tolerance of

photosynthesis to high temperatures by stabilizing the thylakoid membranes

(Sharkey et al., 2001b) or by quenching reactive oxygen species (Loreto

and Velikova, 2001).

Terpenoid molecules are made via the mevalonic acid biosynthetic

pathway. The first step is to make mevalonic acid molecules (with six carbon

atoms), hence the name of the pathway. Mevalonic acid molecules are then

rearranged by a series of enzymatic transformations to form molecules

known as isopentenyl pyrophosphate. Isopentenyl pyrophosphate consists of

a branched 5-carbon molecule (known as an isoprene unit) joined to two

phosphate groups. The isoprene unit as shown in Figure (1) is the starting

point for manufacture of terpenoids compounds, the main type of molecule

found in essential oils. The illustration of the unit demonstrates the branching

structure of the 5-carbon atom chain, but does not specify double bonds. The

double bonds rearrange during the formation of terpenoid molecules, but

isoprene molecules usually contain at least one C=C bond. Isoprene
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molecules are easily linked together to form long, branched chains of carbon

atoms. When rubber was first analyzed in the late 1800s, it was found to

contain hundreds of isoprene units all linked together. Rubber molecules are

called polymer molecules (from the Greek poly, ‘many’ and mer, ‘unit’).

Terpenoid molecules in essential oils have either two or three isoprene

units. The name ‘terpene’ derives from ‘turpentine’, a liquid solvent derived

from the resin of Pinaceae species. When the structure of terpenoid

molecules was first discovered, researchers thought the simplest molecule

was one containing ten carbon atoms and started the naming system at this

point, calling these molecules monoterpenes (from the Latin mono, ‘one’).
The later discovery of isoprene units (an isoprene molecule has five carbon

atoms) has not changed use of the earlier naming system, so ‘monoterpene’
still means two isoprene units joined together. Terpenoid molecules with

three isoprene units are known as sesquiterpenes (from the Latin sesqui, ‘one
and a half’). There are sometimes trace amounts of diterpenes in essential
oils with four isoprene units, but the triterpenes with six isoprene units are

waxes and are not found in steam-distilled essential oils because they are not

volatile enough (Bowles, 2003 and Bakkali et al., 2008).

Fig. (1): The structure of an isoprene molecule and an isoprene unit
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2.2. Spices essential oils:

Spices are the tropical plants which have pungency or flavour of

aromatic substances. They have long been used in foods and can be added as

whole spices, ground spices or spice extracts. The most forms of spice

extracts are oleoresins and essential oils (Nanasombat and Wimuttigosol,

2011). The spices essential oils have been a fertile area for research for many

years due to their important antimicrobial, antioxidant, pharmacological and

medicinal properties.

More than 400 spices are used in the different countries in the world

(Ceylan and Fung, 2004). Among them, cumin has been used as a spice

since ancient times and is a very popular spice worldwide due to its unique

aroma (Azeez, 2008). Whereas, thyme and rosemary are commonly used and

their essential oils possess important antioxidant and antimicrobial properties

(Baranauskiene et al., 2003; Yanishlieva et al., 2006 and Ojeda-sana et

al., 2013).

2.2.1. Cumin essential oil:

2.2.1.1. Essential oil content of cumin (Cuminum cyminum L.):

Walsh (2000) mentioned that the essential oil content in cumin seeds was

about 2% to 5%. While, Amin (2001) reported that the yield of cumin oil

production varies from 2.5 to 4.5%, depending on whether the entire seed or

the coarsely ground seed is distilled. Li and Jiang (2004) observed that

cumin seeds yielded 3.8% essential oil. While, Behera et al. (2004) showed

that cumin seeds contained 5.6 ± 0.05%essential oil.

Raghavan (2007) mentioned that cumin has 2.5% to 4.5% essential oil

(depending on age and regional variations), which is pale to colorless, mainly

containing monoterpene aldehydes.

Azeez (2008) found that essential oil content of cumin seeds ranges from

2.3% to 5%. Li et al. (2009) studied the effect of different extraction

methods on the essential oil content on cumin seeds. The obtained data
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showed that content of essential oil in the super critical fluid extraction was

5.24% while, the combination of organic solvent and steam distillation was

4.87% and the content of essential oil extracted by steam distillation was

3.16%.

On the other hand, cumin seeds generally contain up to 5% of the

volatile oil (Burdock, 2010). Good quality cumin seeds, on crushing and

steam distillation, yield 4 - 5% essential oil (Attokaran, 2011). On the other

hand, Bettaieb et al. (2011) indicated that the contents of essential oil in

Tunisian and Indian cumin seeds were 1.21 and 1.62%, respectively.

Sowbhagya (2013) found that the essential oil content of cumin

(Cuminum cyminum) seeds was ranged from 3 to 4%.

2.2.1.2. Physiochemical properties of cumin essential oils:

The physiochemical properties of essential oil distilled from

Mediterranean Sea cumin were as follow: specific gravity at 15 oC was

0.9170 – 0.9240, while the optical rotation at 15 oC  was +4° 22́  ̶  +5° 6́.
Refractive index at 20 oC was 1.5011 ̶ 1.5039 and the oil was soluble in 5 ml

or more of 80% ethanol as reported by (Guenther, 1961). Moreover, EL-

Baroty (1988) determined the physiochemical properties of cumin seeds

essential oil. Where, specific gravity at 20 oC was 0.9254, refractive index at

20 oC was 1.5013 and optical rotation at 20 oC was + 64°.

Amin (2001) reported that the specific gravity of cumin essential oil at

25oC ranged from 0.905 - 0.925, whereas the optical rotation of the oil at

20oC ranged from + 3 to + 8 and its refractive index ranged from 1.501 -

1.506. In addition, the cumin essential oil was soluble in 8 volumes of 80%

ethanol and contained 40 - 52% aldehydes (as cuminic aldehyde). Behera et

al. (2004) showed that the cumin essential oil had an optical rotation of

+2.860 and refractive index (30 oC) of 1.4958.

Azeez (2008) mentioned that the specific gravity (at 25°C) of cumin

essential oil ranged from 0.900 - 0.935 and its optical rotation (at 20°C)
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ranged from +4° to +8°, while its refractive index (at 20°C) ranged from

1.495 to 1.509. Moreover, the oil was almost insoluble in water, but soluble

in ten volumes of each of 80% alcohol, ether and chloroform.

Viuda-Martos et al. (2008) found that the physiochemical properties of

cumin essential oil which obtained by steam distillation were: the refractive

index at 20°C was 1.503 and the density at 20°C was 0.915 g/ml.

In other study, the refractive index of cumin essential oil at 20°C was

found to be between 1.500 and 1.506, while its specific gravity at 25°C

ranged from 0.905 - 0.925 (Burdock, 2010).

Sowbhagya et al. (2011) studied the effect of various enzymes on the

extraction of the volatile oil of cumin. The refractive index of the control oil

sample was 1.4912 as against 1.4922 – 1.4970 in different enzyme-treated

samples. Specific gravity of the control sample was 0.8967 as against 0.8912

– 0.8939 for enzyme-treated samples. Optical rotation values were higher

(+4.3o) for all enzyme-treated cumin oil samples than for the control (+3.6o).

2.2.1.3. Chemical composition of cumin essential oil:

Hirasa and Takemasa (1998) illustrated that cuminaldehyde (4-

isopropylbenzaldehyde) was the major constituent of the cumin essential oil

and represented 40–65% of the oil. They showed that it is an important

aroma compound and responsible for the reported bitterness in cumin.

Meanwhile, Walsh (2000) mentioned that the chief components in cumin

essential oil were cuminaldehyde, gamma-terpenes, beta-pinenes, ρ-cymene,

1, 3-ρ-menthandial.

Amin (2001) studies that the chemical composition of cumin essential oil

showed the presence of the following components: α-pinene (0.5%),

myrcene (0.3%), limonene (0.5%), 1-8-cineole (0.2%), ρ-menth-3-en-7-ol

(0.7%), p-mentha-1, 3-dien-7-ol (5.6%), caryophyllene (0.8%), β-bisabolene

(0.9%), β-pinene (13.0), ρ-cymene (8.5%), β- phellandrene (0.3%), D-

terpinene (29.5%), cuminic aldehyde (32.4%), cuminyl alcohol (2.8%), β-
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farnesene (1.1%) together with much smaller quantities of α phellandrene, α-

terpinene, cis and trans sabinene, myrtenol, α-terpineol and phellandral.

Weiss (2002) indicated that the characteristic flavour of cumin

(which  is best described as penetrating, irritating, fatty, overpowering,

curry-like, heavy, spicy, warm and persistent) is probably due to

dihydrocuminaldehyde and monoterpenes. Li and Jiang (2004) identified 37

components, representing 97.97% of the cumin essential oil and cuminal

(36.31%), cuminic alcohol (16.92%), γ-terpinene (11.14%),

safranal(10.87%), ρ-cymene (9.85%) and β-pinene (7.75%) were the major

components. Whereas, Raghavan (2007) found that the chemical

composition of cumin essential oil chiefly contained cuminic aldehyde

(33%), β-pinene (13%), terpinene (29.5%), ρ-cymene (8.5%), ρ-mentha-1,3-

dien-7-al (5.6%), cuminyl alcohol (2.8%), and β-farnesene (1.1%).

Hajlaoui et al. (2010) identified twenty-one components in the cumin

essential oil and found that cuminlaldehyde (39.48%), γ-terpinene (15.21%),

O-cymene (11.82%), α-pinene (11.13%), 2-caren-10-al (7.93%), trans-

carveol (4.49%) and myrtenal (3.5%) were the major components. They

added that the cumin’s distinctive flavor and strong and warm aroma is due
to its essential oil content and the main important aroma compound is

cuminaldehyde (4-isopropylbenzaldehyde). Meanwhile, the important aroma

compounds of the toasted cumin are the substituted pyrazines, 2-ethoxy-3-

isopropylpyrazine, 2-methoxy-3-s-butylpyrazine, and 2-methoxy-3-

methylpyrazine.

Pajohi et al. (2011) showed that cuminaldehyde (29.02%) and α-

terpinen-7-al (20.70%) constituted the highest amount of the cumin essential

oil. While, Vazin (2013) indicated that ρ-Menta-1, 3-diene-7-al,

cuminaldehyde, γ-Terpinene, ρ-cymene and β-Pinene were the main

constituents in the cumin essential oil.
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2.2.2. Rosemary essential oil:

2.2.2.1. Essential oil content of rosemary (Rosmarinus officinalis L.):

Prakasa Rao et al. (1999) reported that most of the oil (90%) comes out

within the first 60 minutes of distillation, though distillation can be continued

for 120 minutes for full recovery of rosemary oil under field distillation

conditions. Thus, the essential oil yield was varied from 0.5% to 0.9%.

Walsh (2000) observed that rosemary herbs yielded about 1% to 2.5%

essential oil from herbs. While, Atti-Santos et al. (2005) extracted

Rosmarinus officinalis L. by steam distillation in a pilot plant, they found

that the essential oil yields ranged from 0.37% to 0.49%. Raghavan (2007)

mentioned that rosemary has 0.5% to 2.5% essential oil.

Traditional hydro-distillation and innovative microwave hydrodiffusion

and gravity methods have been compared and evaluated for their

effectiveness in the isolation of essential oil from fresh Rosmarinus

officinalis leaves (Bousbia et al., 2009); hydrodistillation method yielded

about 0.33% ± 0.09 essential oil. While, microwave hydrodiffusion and

gravity methods yielded about 0.35% ± 0.07 essential oil. However, the great

difference between these methods was the shorter time that obtained in

microwave hydrodiffusion and gravity method (15min against 3 hours in

Hydro-distillation). Burdock (2010) illustrated that the leaves of rosemary

contain 0.5% to 2.5% essential oil.

Zermane et al. (2010) presented experimental results concerning the

supercritical CO2 extraction of essential oil from Algerian rosemary leaves.

The obtained yield was 1.35%, at a pressure of 10MPa and temperature of 40

°C. Meanwhile, Yosr et al. (2013) found that essential oils  were  present  in

high  concentration  (1.23  and  1.43%)  in  rosemary leaves  (Rosmarinus

officinalis var.  typicus Batt.) being collected  during  the  vegetative  and

flowering  stages.
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2.2.2.2. Physiochemical properties of rosemary essential oils:

El-Laban (1998) studied the physiochemical properties of rosemary

essential oil and found that its specific gravity was 0.9008, while its

refractive index was 1.4709. Atti-Santos et al. (2005) mentioned that the

specific gravity of rosemary essential oil averaged 0.8887, while its

refractive index and optical rotation averaged 1.4689 and +11.82°,

respectively.

Clarke (2008) illustrated that the physical properties of rosemary

essential oil were; specific gravity (20 °C), 0.890 – 0.915; optical rotation
(20°C), -5° to +10°; refractive index (20 °C), 1.460 – 1.480. Bousbia et al.

(2009) found that the physical properties of rosemary essential oil were as

follow: specific gravity 0.9, refractive index + 1.470 and optical rotation in

degree +3, respectively. Burdock (2010) found that the refractive index and

specific gravity of rosemary essential oil were between (1.464 and 1.476) at

20 °C and between (0.894 and 0.925) at 25 °C.

2.2.2.3. Chemical composition of rosemary essential oil:

Prakasa Rao et al. (1999) showed that rosemary essential oil contained

1,8-cineol, camphor, borneol, bornyl acetate,  α-pinene , β-pinene, linalool,

camphene, subinene, myrcene, α-phellandrene, α-terpinene, limonene, ρ-

cymene, terpinolene, thujene, copalene, terpinen-4-ol, α-terpineol,

caryophyllene, methyl chavicol and thymol. Among them, 1,8-cineol,

camphor, borneol, bornyl acetate and α-pinene constituted the major

components and their percentages reached 30 - 40%, 15 - 25%, 16 - 20%, up

to 7% and  25%, respectively.

Walsh (2000) identified the main constituents of rosemary herb essential

oil as; 1,8-cineole ( 20 to 50%), alpha-pinene (15 to 25%), camphor (10 to

25%), including as well camphene, borneol, bornyl acetate,

betacaryophyllene, ρ-cymene, limonene, linalool, myrcene, alpha-terpineol

and verbenone



13

Atti-Santos et al. (2005) identified twenty compounds in rosemary

essential oil and showed that the major components were found to be α-

pinene (40.55 - 45.10%), 1,8-cineole (17.40 - 19.35%), camphene (4.73 -

6.06%) and verbenone (2.32 - 3.86%), respectively. Raghavan (2007)

mentioned that the rosemary essential oil mainly contained 1,8-cineol (30%),

borneol (16% - 20%), camphor (15% - 25%), bornyl acetate (2% - 7%) and

α-pinene (25%). He added that the varieties of rosemary differ in their flavor

depending on their essential oil constituents and the compound 1,8-cineol

gives the rosemary its cool eucalyptus aroma.

Clarke (2008) indicated that 1,8-cineole, camphor and α-pinene

constituted  the main components  of the rosemary essential oil. Burdock

(2010) illustrated that the monoterpene hydrocarbons constituted the major

components of the rosemary essential oil and included α-pinene (~22%), β-

pinene (~2%), camphene (~11%), camphor (10-20%), limonene, cineole,

borneol (~2%), linalool and verbinol.

Szumny et al., (2010) evaluated the influence of drying methods on

volatile compounds of rosemary. Then, volatile compounds of rosemary

samples were extracted by steam-hydrodistillation and analyzed by GC/MS.

Thirty-four compounds were tentatively identified, with α-pinene, bornyl

acetate, camphene and 1,8-cineole being the major components. Zermane et

al. (2010) showed that the major compound detected in the rosemary

essential oil was camphor, at 48.89%. Meanwhile, Jordán et al. (2013)

mentioned that three chemotype of rosemary essential oils have eucalyptol,

camphor and pinene as major compounds. In addition, Ojeda-Sana et al.

(2013) found that the major components in rosemary essential oil were 1,8-

cineol, camphor and α-pinene.
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2.2.3.Thyme essential oil:

2.2.3.1. Essential oil content of thyme (Thymus vulgaris L.):

Rey (1993a and 1994a) found that the essential oil content of thyme of

thymol chemotype was more than 3.5%. While, the essential oil content in

thyme was 2.5% or below as described by (Walsh, 2000).

It should be noted that the Swiss Pharmacopoeia VII had fixed the

minimum essential oil content at 1.5 per cent, in the dry herbs of thyme.

Today the European Pharmacopoeia demands a minimum of 1.2 per cent oil

content for thyme herb (Rey and Sáez, 2002).

Moreover, in study to determine the content and the chemical

composition of Italian thyme (Thymus vulgaris L.) essential oil at different

dates of harvest, Venskutonis, (2002) found that the essential oil content

was 1.75%, 1.40%, 2.90%, 2.86% 2.14%, 3.24 and 4.29% in 25May, 6June,

16June, 28June, 7July, 19July and 7August, respectively.

Stahl-Biskup (2004) stated that the dried plant material of thyme herbs

contains 1 - 2.5% of an essential oil. Meanwhile, the essential oil content of

thyme ranges from 1.5% to 5% and has mainly phenols (Raghavan, 2007).

On the other hand, thyme (Thymus vulgaris L.) yielded approximately 0.6%

of essential oil as mentioned by (Burdock, 2010).

Jia et al. (2010) indicated that the yields of essential oils from different

thyme varieties ranged between 1.22% ± 0.01 and 0.16% ± 0.01 (weight/dry

weight).

Sárosi et al. (2013) studied the  effect of different  drying techniques

(natural  way,  convective  drying at 30 °C,  40 °C  and  50 °C  and

lyophilization)  on  the  quantity  and  quality  parameters of the thyme

essential oil and found that the  measured essential oil amounts were between

0.69 ml/100 g and 1.84 ml/100 g (calculated on the dry weight basis). The

highest drying temperature (50 °C) and lyophilization caused the most

considerable essential oil loss.
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In other study, the effect of six different drying treatments (sun, shade,

oven 50 °C, oven 70 °C, microwave and freeze–drying) on the essential oil

yield of thyme leaves was investigated. It was found that the  highest

essential  oil  yields  were  obtained by  freeze–drying  (1.7%)  followed  by

oven  50 °C  (1.46%),  sun  drying  (1.42%),  oven  70 °C  (1.01%),  shade

drying  (0.91%)  and  microwave  (0.89%).  In addition, air  drying at

ambient  temperature  significantly increased  the  essential  oil  yield

(Rahimmalek and Goli, 2013).

2.2.3.2. Physiochemical properties of thyme essential oils:

Lawrence and Tuker (2002) mentioned that the physiochemical

properties of Thymus zygis were: specific gravity at 20oC was 0.912 to 0.935,

refractive index at 20oC was 1.495 to 1.505. On the other hand, the

physiochemical properties of Spanish thyme (Thymus capitatus) were:

specific gravity at 20oC was 0.9380 – 0.9630, refractive index at 20oC was

1.5000 – 1.5130, optical rotation at 20oC was - 2o to + 3o and the solubility in

70% v/v (1:4 volume). Meanwhile, another kind of Spanish thyme (Thymus

masticbina) have physiochemical properties as follow: refractive index 20oC

was 1.4620 – 1.4680, optical rotation at 20oC was - 6o to + 10o.

Stahl-Biskup (2004) and Lawrence and Tuker (2002) reported that the

physiochemical properties of thymus vulgaris essential oil were: specific

gravity at 25oC 0.915 to 0.935, optical rotation at 20 oC Laevorotary; but not

more than - 3o, refractive index at 20oC 1.495 to 1.505 and solubility in 80%

v/v aqueous ethanol 1:2 volumes. (Burdock, 2010) reported that the

refractive index of the thyme essential oil was between 1.495 and 1.505 at 20
oC. while, the specific gravity was between 0.915 and 0.935 at 20 oC.

2.2.3.3. Chemical composition of thyme essential oil:

Walsh (2000) found that the chief components in thyme essential oil

were thymol (20-55%), ρ-cymene (14-45%), carvacrol (1-10%), gamma

terpinene (5-10%), borneol (up to 8%) and linalool (up to 8%).
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Stahl-Biskup (2004) reported that most of the volatiles detected in

thyme oil belong to the monoterpene group with thymol, a phenolic

monoterpene, as the main representative (30–55%). Thymol is always

accompanied by some monoterpenes, which are closely connected by

biogenetical processes, namely carvacrol (1–5%), an isomer terpene phenol,

as well as ρ-cymene (15–20%) and γ-terpinene (5–10%). The latter two are

precursors in the biogenetic pathway of thymol and carvacrol. Often the

methyl ethers of thymol and carvacrol are present. Further monoterpenes are

linalool (1-5%) and, in smaller percentages (0.5-1.5%), borneol, camphor,

limonene, myrcene, β-pinene, trans-sabinene hydrate, α-terpineol and

terpinen-4-ol. Sesquiterpenes are not very important in thyme oils. Only β-

caryophyllene (1–3%) is worth mentioning.

Raghavan (2007) mentioned that thyme contains predominantly thymol

(45%), and carvacrol (18%). Spanish thyme (which provides 90% of the

world’s thyme oil) has 12% to 61% thymol and 0.4% to 20.6% carvacrol,
1,8-cineole (0.2% to 14.2%), ρ-cymene (9.1% to 22.2%), linalool (2.2% to

4.8%), borneol (0.6% to 7.5%), α-pinene (0.9% to 6.6%), and camphor (0%

to 7.3%).

Clarke (2008) showed that the main components in thyme essential oil

were Thymol, Carvacrol, ρ-cymene and 1,8-cineole; where the relative

percentage of that compounds in the essential oil were 48%, 5.5%, 21.4 and

15.3, respectively. Bașaran (2009) mentioned that the main constituents of

thyme essential oil were thymol, carvacrol, borneol, cineol and pinene. Jia et

al. (2010) indicated that the main components in the essential oils of Thymus

marschallianus and Thymus proximus were thymol (28.0- 32.9%), ρ-cymene

(7.7- 25.4%), and γ-Terpinene (18.0- 22.4%).

Viuda-Martos et al. (2011) found that the Egyptian thyme (Thymus

vulgaris) had a high content of total phenols reaching 913.17 mg Gallic acid

equivalents /L). Ait-Ouazzou et al. (2011) reported that a high content of

borneol (23.48%) has been described for the first time in the thyme (Thymus
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algeriensis) essential oil. El Bouzidi et al. (2013) analyzed the hydrodistilled

oils obtained from wild and cultivated thyme species by GC–MS. They

found that, in total,  41  components  were  identified representing more than

98% of the oils, with carvacrol (26.0 – 71.6%), borneol (5.0 – 20.1%), γ-

terpinene (4.0 – 8.9%) and ρ-cymene  (5.2 – 10.3%)  as  the  main

constituents. They also found that similar oil profiles were obtained from
wild and cultivated Thymus maroccanus, whereas some quantitative

differences were noted between oils obtained from wild and cultivated

Thymus broussonetii and Thymus satureioides.

2.3. Irradiation of spices and herbs:

There have been efforts, since 1986, to harmonize the law of the member

states with regard to food irradiation; but only in 1999, a Directive was
adopted. It includes, at present, only a single item, spices; and it enforces

strict labelling. The European Commission was charged to develop a final

‘positive list’ of permitted items until the end of 2000; and the contents of
this list are still under dispute between member states today. The Member

States had to implement the provisions of the directive in 2000; however,
only a few states completed their legal procedures. As long as the ‘positive
list’ is not adopted, member states can maintain their existing regulations

except for spices. This whole picture must be put in the context of the

existing general standard for Irradiated Foods of the Codex Alimentarius,

which does not allow for the exclusion of specific food items (Ehlermann,

2002).

Doellstaedt and Huenber (1985) reported that in October 1980 the

acceptance of food irradiation up to an overall average dose of l0 kGy was

recommended by an Expert Committee of the Food and Agriculture

Organization, the International Atomic Energy Agency (IAEA) and the

World Health Organization (WHO). The conclusion of this Committee was

that food irradiation up to the above dose does not imply any toxicological

hazards. This is of great significance for any further work in this field and for
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the use of radiation preservation of foods. On the basis of this

recommendation extensive research work has been carried out in the recent

years. Examples of the application of food and feed irradiation are; sprouting

inhibition in onions, potatoes and garlic, reduction or control of

microbiological contamination in spices and enzyme preparations, control of

certain pathogenic microorganisms, such as salmonellae in eviscerated

chicken, in meat or farm animal feed and irradiation of feed for specific

pathogen-free laboratory animals.

Nowadays the use of ionizing radiation is one of the most effective means

of microbial decontamination of dried herbs and phytopreparations (Migdal

et al., 1998). In this respect, the final microbial status of herbs and spices is

determined by the natural content of microorganisms in plants and by the

harvesting, drying, transporting, and packaging processes (Gould, 1996). To

inactivate microorganisms of spices and aromatic herbs they usually

subjected to disinfectant treatments. The most employed treatments are

essentially three (Leistritz, 1997), fumigation with ethylene oxide, thermal

treatment with steam, and irradiation with γ-rays or high-energy electrons.

The use of irradiation instead of ethylene oxide to ensure hygienic quality of

spices and herbs has increased in the past 20 years, because of the phasing

out of ethylene oxide in many countries due to possible toxic residues and

occupational health hazard for workers in the fumigation plants. Moreover,

irradiation offers a broader spectrum for application for sanitizing dry

ingredients than thermal treatments, often at a more competitive cost

(Farkas, 1998).

WHO (1981, 1999) reported that the application of ionizing radiation

treatment of  foods on an industrial scale was started at the beginning of the

1980s after the joint Food and Drug Administration / International Atomic

Energy Authority/World Health Organization (FAO/IAEA/WHO) expert

committee accepted the application of a 10 kGy overall average dose for

foods. Moreover, based on the findings of WHO study group, the large

number of toxicological studies including carcinogenicity bioassays and
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multigeneration reproductive toxicology evaluations did not demonstrate any

short-term toxicity related to irradiation process.

Farkas (1998) proved that radiation treatment at doses of 2–7 kGy,

depending on condition of irradiation and the food, can effectively eliminate

potentially pathogenic non-sporeforming bacteria including both long-time

recognized pathogens such as Salmonella and Staphylococcus aureus as well

as emerging or ‘‘new’’ pathogens such as Campylobacter, Listeria

monocytogenes or Escherichia coli O157:H7 from suspected food products

without affecting sensory, nutritional and technical qualities.

Radioisotopes, chemical elements that have the inherent property to emit

radiation, emit gamma radiation. The most usual radioisotope in food

industrial applications is cobalt (60Co), which is obtained from 59Co (natural

isotope) bombardment with neutrons in a nuclear reactor. Each 60Co

disintegration causes an emission of one beta particle and two photons with

energy of 1.17 MeV, originating 60Ni, a stable element. As all radioisotopes,

the activity of 60Co is reduced in time according to an exponential law, its

half-life being 5.3 years (Camargo et al., 2008)

Food irradiation is approved for use in over 55 countries worldwide for

various applications and purposes in a wide variety of foodstuffs; however,

its use as a post-harvest phytosanitary treatment is still limited. Examples of

countries with legislation allowing phytosanitary uses of irradiation include

Argentina, Australia, Bangladesh, Brazil, China, India, Mexico, Philippines,

Russian Federation, Thailand, Turkey, Ukraine, the United States of

America, and Vietnam (IAEA, 2009).

In many countries all over the world such as Iran, various products

especially spices and herbs are conventionally irradiated up to 10 kGy to

increase the hygienic quality and also prolong the shelf life of spices by

reducing the number of pathogenic and spoilage microorganisms (Fatemi et

al., 2011).
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2.4. Effect of gamma irradiation on the chemical composition of

essential oils:

The development of unpleasant flavours and odours in irradiated natural

products is not uncommon, and often occurs when foodstuffs are treated with

large doses of radiation. Fazakerley et al. (1961) found that the irradiation

of many essential oils and isolates, which are substantially compounds

containing only carbon, hydrogen and oxygen, induces changes in flavour

and odour which are beneficial.

The reports on the effect of irradiation on the essential oil content of

spices and chemical composition are controversial and often contradictory.

Klaus and Wilhelm (1990) reported a 20% increase in ρ-cymene content of

nutmeg irradiated to a dose of 10 kGy while in black pepper irradiation even

at doses <10 kGy brought about major quantitative changes in the volatile oil

constituents (Ljubica, 1983). A reduction in cinnamaldehyde content by

33% and an increase in cinnamylacetate and eugenol by 27% were reported

by Farkas (1988) in cinnamon bark samples after irradiation at 10 kGy. In

contrast, Maija et al. (1990) were unable to detect any significant differences

in the volatile oil constituent of control and irradiated spices even up to doses

of 50 kGy.

(IAEA, 1992) proved that irradiation had no effect on the composition

of the volatile oil of turmeric as compared to the equivalent non-irradiated

ones. The irradiation also did not affect the percent yield of the major

compounds identified by GC/MS such as; α-phellandrene, p-cymene, 1:8

cineol. Whereas, the percent yield of them were 1.89%, 1.3%, and 1.3%,

respectively for control and 1.44%, 0.89%, and 1.26%, respectively for

irradiated turmeric.  In addition, the overall yield of the volatile oil remained

unaffected after irradiation.

The effect of γ-irradiation on the volatile oil constituents of several spices

has been extensively studied and reported in literature (Anon., 1992).

However, the few reports available on the effect of γ-irradiation on turmeric



21

aroma are not definitive and are contradictory. Chosdu et al. (1985) were

unable to detect any changes in essential oil constituent of turmeric subjected

to γ-irradiation up to a dose of 10 kGy. On the other hand, Zaied et al.

(1996) reported a reduction in cineol content of γ-irradiated spices including

turmeric.

Ito and Islam (1994) mentioned that the utilization of high dose rate of

Electron-Beam (EB) irradiation suppressed the increase of peroxide values in

spices at high dose irradiation up to 80 kGy. However, components of

essential oils in spices were not changed even irradiated up to 50 kGy with

EB and γ-rays.

Wu and yang (1994) studied the effect of irradiated fresh ginger at dose

50 Gy on the flavour compounds; it was observed that after three months of

storage the major volatile compounds (zingibrein, β-sesquiphellandrene and

ar-curcumene) were significantly lower in irradiated than in non-irradiated

samples. No differences were however, found in these constituents

immediately after irradiation.

Antonelli et al. (1998) irradiated dried basil leaves with two different

doses (5 kGy and 10kGy) of gamma rays. They found that linalool and

estragol showed the greatest increases with gamma irradiation (28.23% and

13.06% for 5kGy and 27.16% and 13.69% for 10kGy, respectively) while

eugenol decreased with the same doses (9.63% for 5kGy and 10.52% for

10kGy, respectively); in comparing with control basil leaves (14.92% for
linalool, 4.54% for estragol, and 12.13% for eugenol.

Variyar et al. (1998) studied the effect of irradiation at dose 10 kGy

used for decontamination of spices on the chemical composition of clove,

cardamom and nutmeg using gas liquid chromatography (GLC). The results

found that there were no qualitative and major quantitative changes in the

essential oil constituents of irradiated clove and cardamom. However in case

of irradiated nutmeg a 6-fold increase in the content of myristicin

accompanied by a decrease of similar magnitude in elimicin content.
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Meanwhile, Chatterjee et al. (2000) studied the effect of γ-irradiation at

dose 10 kGy on the volatile constituents of irradiated turmeric essential oil.

The results found that the percentage content of main component (ar-

Turmerone + turmerone) was increased from 68 ± 1.4 (non-irradiated) to 70

± 1.2 (irradiated). While, some compounds were decreased related to

irradiation dose i.e. ρ-Cymene from 1.3 ± 0.3 to 0.89 ± 0.2, Curlone from 15
± 2.8 to 12 ± 2.

By using ionizing radiation at dose of 10 kGy, a satisfactory result of

microbiological decontamination of medical herbs could be observed. The

content of essential biologically active substances such as essential oils,

flavonoids, glycosides, anthocyans, antra-compounds, poliphenoloacids,

triterpene saponins, oleanosides and plants mucus did not significantly

change after irradiation. Pharmacological activity of medicinal herbs has

been found satisfactory after microbiological decontamination by irradiation

(Owczarczyk et al., 2000).

Fan and Sokorai (2002) investigated the effect of irradiation on volatile

compounds of fresh cilantro leaves. Fresh cilantro leaves (Coriandrum

sativum L.) were irradiated with 0, 1, 2, or 3 kGy γ-radiation and then stored

at 3 °C up to 14 days. The obtained results conducted that the amounts of

linalool, dodecanal, and (E)-2-dodecenal in irradiated samples were

significantly lower than those in non-irradiated samples at day 14.

Koseki et al. (2002) reported that whether high doses of gamma radiation

(10, 20 and 30 kGy) affects the characteristics or amount of phenolics,

flavonoids, essential oils, tannins and β-carotene of rosemary (Rosmarinus

officinalis L.), watercress (Nasturtium officinale), artichoke (Cynara

scolymus L.) and sweet basil (Ocimum basilicum L.). The results showed

that; there were no changes in the chemical composition of essential oil

except for the radiation dose 10 kGy, phenolic content had a small change

also after 10 kGy irradiation of rosemary. Finally there was no evidence that

radiation caused a significant degradation of total β-carotene.
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Moussaid et al. (2004) studied the irradiation of Moroccan orange peel

(Maroc Late) with doses up to 1 kGy, which did not result in significant (p >

0.05) quantitative changes in the essential oils  components including D-

limonene, linalool, citral and methyl anthranilate. Irradiation with 2 kGy

stimulated synthesis of D-limonene, while enhancing the degradation of

linalool, methyl anthranilate and citral.

Topuz and Ozdemir (2004) irradiated sun-dried and dehydrated paprika

samples at doses from 2.5 to 10 kGy and analyzed capsaicinoid contents.

They found that the contents of capsaicin, dihydrocapsaicin and

homodihydrocapsaicin increased significantly by about 10% in samples

irradiated at a dose of 10 kGy.

Gyawali et al. (2006) studied the effect of gamma irradiation at different

doses 0, 1, 3, 5, 10 and 20 kGy on the volatile compounds of dried Welsh

onion after extraction by steam distillation method. A total of 35 volatile

compounds were identified by GC/MS in non-irradiated and 1 kGy irradiated

samples and 36 volatile compounds were identified in 3, 5, 10 and 20 kGy

irradiated samples so far belong to chemical classes of acid, alcohol,

aldehyde, ester, furan, ketone and S-containing compound. S-containing

compounds were detected as major volatile compounds of all experimental

samples. The results revealed that the content of majority of compounds was

increased after different doses of γ-irradiation, the content of major S-

compounds in control such as 1-propanethiol, 5-methyl thiazole, propenyl

propyl disulfide, dipropyl disulfide and 3,5-diethyl-1,2,4-trithiolane was

decreased after the process.

Seo et al. (2007) determined the effects of gamma irradiation on the

volatile flavor components including essential oils, of Angelica gigas Nakai.

The volatile organic compounds from non- and irradiated A. gigas Nakai at

doses of 0, 1, 3, 5, 10 and 20 kGy were extracted by a simultaneous steam

distillation and extraction (SDE) method and identified by GC/MS analysis.

The major volatile compounds were identified 2,4,6-trimethyl heptane, α-
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pinene, camphene, α-limonene, β-eudesmol, α-murrolene and sphatulenol.

Among these compounds, the amount of essential oils in non-irradiated

sample were 77.13%, and the irradiated samples at doses of 1, 3, 5, 10 and

20 kGy were 84.98%, 83.70%, 83.94%, 82.84% and 82.58%, respectively.

Oxygenated terpenes such as β-eudesmol, α-eudesmol, and verbenone were

increased after irradiation but did not correlate with the irradiation dose. The

yields of active substances such as essential oil were increased after

irradiation; however, the yields of essential oils and the irradiation dose were

not correlated. Thus, the profile of composition volatiles of A. gigas Nakai

did not change with irradiation.

Shim et al. (2009) studied the effect of γ-irradiation at doses of 0, 1, 3, 5

and 10 kGy on the contents of volatile compounds from Paeoniae Radix

such as paeonol, carveol, eugenol acetate. They found that the concentration

of this compound increased with the increase of irradiation dose level.

Khattak and Simpson (2010) irradiated Glycyrrhiaz glabra roots at

doses 0, 5, 15, 20 and 25 kGy to represent the effect of irradiation doses on

the chemical composition and the phenolic content. The results revealed that

the phenolic content increased in samples irradiated with 20 and 25 kGy.

Irradiation of cumin essential oil at doses 10 and 25 kGy has been

investigated by Fatemi et al. (2012). The chemical composition of essential

oil after irradiation was as follow; the content of γ-terpinine in control,

10kGy and 25kGy were 20.09%, 21.91% and 15.46, respectively. While,

cuminaldehyde in control, 10kGy and 25kGy samples were 19.03%, 17.98%

and 20.51, respectively. On the other hand, antioxidant activity of irradiated

cumin essential oil was determining by free-radical scavenging activities.

The obtained results were 32.99, 34.17 and 31.47% measured as DPPH% in

control, 10kGy and 25kGy, respectively.
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2.5. Antimicrobial activity of essential oils:

Although the antimicrobial properties of essential oils and their

components have been reviewed in the past, the mechanism of action has not

been studied in great detail (Burt, 2004).

Considering the large number of different groups of chemical compounds

present in essential oils, it is most likely that their antibacterial activity is not

attributable to one specific mechanism but that there are several targets in the

cell The locations or mechanisms in the bacterial cell thought to be sites of

action for essential oil components are indicated in Figure (2). Not all of

these mechanisms are separate targets; some are affected as a consequence of

another mechanism being targeted. Thus, Degradation of   the   cell   wall

Described by Helander et al. (1998). Sikkema et al. (1994) and Ultee et al.,

(2000 and 2002) mentioned that the mechanism of essential oil activity is

related to damage to cytoplasmic membrane. While, Ultee et al. (1999)

illustrated the mechanism is due to damage of membrane proteins.

Gustafson et al. (1998); Helander et al. (1998); Cox et al. (2000) and

Lambert et al. (2001) found that leakage of cell contents was happened as a

Fig. (2): Locations and mechanisms in the bacterial cell thought to be
sites of action for essential oil components
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reason of essential oils treatment, Gustafson et al. (1998) reported that

coagulation of cytoplasm could be done related to essential oils treatment

and depletion of the proton motive force might be happened as described by

(Ultee and Smid, 2001 and Ultee et al., 1999).

2.5.1. Antimicrobial activity of cumin essential oil:

Farag et al. (1989) examined the antimicrobial activity of the cumin

essential and found that the oil had no or very little effect against

Pseudomonas fluorescens, Escherichia coli, and Serratia marcescens. Also

Davidson and Naidu (2000) showed that the cumin essential oil had a

limited antimicrobial activity.

Iacobellis et al. (2005) examined the antimicrobial activity of the cumin

essential oil through the determination of minimal inhibitory and minimal

bactericidal concentrations (MIC and MBC).They found that Escherichia

coli was the most sensitive microorganism with the lowest MBC value (1

µl/ml), while Staphylococcus aureus and Listeria monocytogenes had MIC

values of 1 and 2 µl/ml, respectively. Similarly, Gachkar et al. (2007)

showed that Escherichia coli was the most sensitive microorganism to the

cumin's essential oil with the lowest minimum bactericidal concentration

(MBC) value of 1 µl/ml, whereas Listeria monocytogenes required higher oil

concentration (2 µl/ml) for complete elimination (with a greater zone of

inhibition reaching 17.67 mm). Viuda-Martos et al. (2008) reported that

cumin essential oil was effective as antibacterial showing inhibition zones

between 31.23 mm on Lactobacillus sakei and 38.17 mm on Enterobacter

gergoviae.

Hajlaoui et al. (2010) determined the antimicrobial activity of the

essential oil of cumin against different microbial species included

Staphylococcus aureus ATCC 25923, Staphylococcus epidermidis CIP

106510, Micrococcus luteus NCIMB 8166, Bacillus cereus ATCC 11778, B.

cereus ATCC 14579, Escherichia coli ATCC 35218, Pseudomonas

aeruginosa ATCC 27853, Salmonella typhimurium LT2 DT104, Listeria
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monocytogenes ATCC 19115, Enterococcus feacalis ATCC 29212, 14

strains belonging to Vibrio genus, four Candida species (albicans,

parapsilosis, glabrata and krusei) and one Saccharomyces cerivisae strain.

They showed that the essential oil of cumin cyminum had substantial

antimicrobial activity against the tested bacterial and yeast species. From

zones of growth inhibition (mm), the data demonstrated that Gram-positive

bacteria exhibited the highest diameters of growth inhibition (10 - 35 mm)

and the oil was particularly effective against M. luteus NCIMB 8166 with a

diameter of inhibition about 35 mm. Meanwhile, Gram-negative bacteria

were less sensitive to cumin essential oil with a diameter of growth inhibition

ranging from 10 (E. feacalis ATCC 29212) to 12 mm (E. coli ATCC 35218).

Furthermore, the diameters of growth inhibition for Vibrio spp. strains

ranged from 11 mm (Vibrio alginolyticus ATCC 33787) to 23 mm (Vibrio

cholerae ATCC 9459) and the oil was effective against all the tested yeasts

with a diameter of growth inhibition ranging from 17 to 22.67 mm.

Allahghadri et al. (2010) studied the antimicrobial activity of cumin

essential oil against several bacterial strains i.e., E. coli, S. aureus and S.

faecalis. The results revealed that the inhibition zones of cumin essential oils

were 13, 10 and 10.33mm, respectively.

2.5.2. Antimicrobial activity of rosemary essential oil:

Benjilali et al. (1984) tested the antifungal activities of essential oils of

three chemotypes of mugwort, thyme, rosemary and eucalyptus against 13

strains of Penicillium, nine of Aspergillus. Overall, thyme was the most

effective followed by mugwort, rosemary and eucalyptus. Phenol containing

essential oils (thyme) were more effective than ketone containing essential

oils (eucalyptus). Each essential oil differed in its antifungal activity against

different fungi and strains of the same fungus.

In a study of antilisterial effect of some spices in laboratory medium and

meat system, rosemary (≥ 0.5% w/v) was antilisterial to Listeria

monocytogenes Scott A in laboratory medium (Pandit and Shelef, 1994).
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Rosemary essential oil at a concentration of 10 µL/100mL exhibited

bactericidal effect against Listeria monocytogenes in broth. Among four

major components of rosemary essential oil (cineole, bornole, α-pinene, and

camphor), α-pinene at 1 µL/100mL produced listeriostatic effect in

laboratory medium and rosemary oleoresins had no antilisterial effect up to

100 mg/100mL concentration. Addition of 0.5% (w/w) ground rosemary and

1% (v/w) rosemary essential oil delayed the growth of Listeria

monocytogenes in pork liver sausage emulsion stored at 5 oC for 50 days.

Smith-Palmer et al. (1998) found that the bacteriostatic concentration of

rosemary essential oil against Salmonella enteritidis, Listeria

monocytogenes, Escherichia coli and Staphylococcus aureus was > 1%,

0.02%, > 1% and 0.04%, respectively. Meanwhile, essential oil extracted

from rosemary (Rosmarinus officinalis) presented an inhibitory concentration

of 10 – 250 ppm against Brotytis cinerea as described by (Bouchra et al.,

2003).

Holly and Patel (2005) showed that the essential oil of rosemary - which

had chemical composition; borneol (26.5%), α-terpinene (15.6%) and α-

pinene (12.7%) - had an antimicrobial activity against some bacterial strains

and represented highly sensitive effect against Listeria monocytogenus,

Esherchia coli, Staphylococcus aureus and Sarcina spp. Especially in

sausage, cheese and bakery products. On the other hand, Sacchetti et al.

(2005) studied the antimicrobial activity of rosemary (Rosmarinus

officinalis) essential oil against various microorganisms i.e. Candida

albicans, Rhodotorula glutinis, Saccharomyces cerevisiae,

Schizosaccharomyces pombe and Yarrowia lypolitica. The results illustrated

that the minimum inhibitory concentrations of rosemary essential oil were

0.09, 0.12, 0.06, 0.18 and 0.12mg/ml.

The antilisterial activity of the rosemary essential oils and the sub-lethal

concentration of lactic acid were established by the agar well diffusion

method. The bactericidal kinetics of the diluted oils (50 ppm, 100 ppm, 200
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ppm and 300 ppm) and their mixtures with 50 ppm of lactic acid were

determined by optical density (OD600) measurements. The results suggest

that a sub-lethal dose of lactic acid noticeably increased the antilisterial

activity, especially of rosemary but that the synergistic effects were reduced

with higher concentrations of oils (Dimitrijević et al., 2007). Meanwhile, Fu

et al. (2007) showed that rosemary essential oil possessed significant
antimicrobial effects against Staphylococcus epidermidis, Escherichia coli

and Candida albicans showing MICs of 0.125-1.000% (v/v).

Viuda-Martos et al. (2008) indicated that rosemary (Rosmarinus

officinalis) essential oil had an inhibitory effect on different bacteria

commonly used in the food industry including Lactobacillus curvatus,

Lactobacillus sakei, Staphylococcus carnosus and Staphylococcus xylosus or

related to food spoilage including Enterobacter gergoviae and Enterobacter

amnigenus.

Bousbia et al. (2009) studied the antimicrobial activity of rosemary

essential oil; the obtained inhibition zones in mm. were 12.5 ± 0.04 in
Staphylococcus aureus and 15.5 ± 0.05 in Escherichia coli. While, Romano

et al. (2009) studied the antioxidant and antibacterial activity of rosemary

extract containing 30% carnosic acid, 16% carnosol and 5% rosmarinic acid

in vitro alone and in combination with the antioxidant food additives

butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA). The

study showed that synergistic interaction of methanol rosemary extract with

BHA to inhibit Escherichia coli and Staphylococcus aureus growth was

observed.

Ait-Ouazzou et al. (2011) found that rosemary (Rosmarinus officinalis)

essential oil had no significant antimicrobial effect against Salmonella

enteritidis (CECT 4155), Escherichia coli O157:H7 (CECT 4267),

Pseudomonas aeruginosa (CECT 110), Staphylococcus aureus (CECT 239),

Enterococcus faecium (CECT 410), Listeria monocytogenes 4b (CECT 935)

and Listeria monocytogenes EGD-e.16.
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Ojeda-Sana et al. (2013) assessed the relationship between the chemical

composition of rosemary essential oils and their antibacterial activity against

human pathogenic and food decay bacteria. Their results suggested a

relationship between the antibacterial activity of rosemary essential oil,

against Gram-positive and Gram-negative bacteria and the content of α-

pinene. They also showed that 1,8-cineole, the other main compound present

in rosemary essential oils, was found to disrupt the cell membrane of E. coli

at ½ X MIC (4 µL/mL).

Teixeira et al. (2013) found that the mean radius of inhibition zones

(mm) of 20µL undiluted rosemary essential oil tested against Brochothrix

thermosphacta, Escherichia coli, Listeria innocua, Listeria monocytogenes,

Pseudomonas putida, Salmonella typhimurium and Shewanella putrefaciens

were 37, 6, 4, 8, 4, 3, and 27 mm, respectively. They also determined the

effect of minimum inhibitory concentration (MIC) obtained with the disc

diffusion method in solid medium and found that the mean bacterial CFU

(colony forming units) logarithmic reductions per mL were 4.5, 0.0, 8.0, 7.3,

1.1 and 1.7 cfu/ml, respectively.

2.5.3. Antimicrobial activity of thyme essential oil:

Several studies have focused on the antimicrobial activity of the essential

oils of thyme in order to identify the responsible compounds. Thymol and

carvacrol seem to play an outstanding role. These terpene phenols join to the

amine and hydroxylamine groups of the proteins of the bacterial membrane

altering their permeability and resulting in the death of the bacteria (Juven et

al., 1994). In addition, thymol and carvacrol were shown to induce a

decrease of the intracellular adenosine triphosphate (ATP) pool of

Escherichia coli and an increase of the extracellular ATP (Helander et al.,

1998). Antibacterial activity was also observed for the aliphatic alcohols,

especially geraniol, and ester components. A variety of activities was

presented by the esters; in some cases they were more active than their
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corresponding free alcohols, but sometimes less active (Megalla et al.,

1980).

According to Agarwal and Mathela (1979) and Agarwal et al. (1979)

the antifungal activity of the essential oil of Thymus serpyllunz is attributable

to thymol and carvacrol. They cause the degeneration of the fungal hyphae

which seems to empty their cytoplasmic content (Zambonelli et al., 1996).

The terpenic alcohols as well as the aldehydes, ketones and some esters, also

presented considerable activities, whereas the hydrocarbons showed only low

activities

Purified compounds derived from essential oils such as carvacrol (form

thyme essential oil), eugenol, linalool, and thymol (form thyme essential oil)

inhibit a variety of micro-organisms (Didry et al., 1993a and Hulin et al.,

1998).

In general, levels of essential oils and their compounds necessary to

inhibit microbial growth are higher in foods than in culture media. This is

due to interactions between phenolic compounds and the food matrix as

figured out by (Nychas and Tassou, 2000). Partitioning of the hydrophobic

antibacterial essential oil components into the fat content of the food may

prevent them from coming into contact with bacterial cells growing in the

hydrophilic regions in the food (Gill et al., 2002). Essential oils with high

concentrations of thymol and carvacrol e.g. oregano, savory and thyme,

usually inhibit Gram-positive more than Gram-negative pathogenic bacteria

(Nevas et al., 2004).

Rota et al., (2004) found that the essential oil extracted from thymus

vulgaris has cytotoxic effect against various pathogenic bacterial strains;

Salmonella enteritidis, Salmonella typhimurium, Escherichia coli, Yersinia

enterocolitica, Shigella flexneri, Listeria monocytogenes and Staphylococcus

aureus. Minimum inhibitory concentration (MIC) was used in determining

the inhibition concentration. MIC ranged from 0.1 to 5 µl/ml. Meanwhile,

Sacchetti et al. (2005) studied the antimicrobial activity of thyme (Thymus
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vulgaris) essential oil against various microorganisms i.e. Candida albicans,

Rhodotorula glutinis, Saccharomyces cerevisiae, Schizosaccharomyces

pombe and Yarrowia lypolitica. The results illustrated that the minimum

inhibitory concentrations of thyme essential oil were 0.06, 0.06, 0.06, 0.03

and 0.03 mg/ml, respectively.

Thyme and oregano essential oils can inhibit some pathogenic bacterial

strains such as E. coli, Salmonella enteritidis, Salmonella choleraesuis and

Salmonella typhimurium (Penalver et al., 2005), with the inhibition directly

correlated to the phenolic components carvacrol and thymol. Meanwhile,

Viuda-Martos et al. (2007) determined the antifungal potential of essential

oil of thyme (Thymus vulgaris) against two molds related to food spoilage,

Aspergillus niger and Aspergillus flavus. In the case, it can be seen that

thyme essential oil reduced fungal growth for A. niger when used at 2 mL/18

mL culture medium, but the total inhibition was only attached when 8 mL

was used. Meanwhile, the oil reduced mycelial growth of A. flavus at 2,4 and

6 mL and inhibition was total at 8 mL meaning that A. flavus was more

sensitive to thyme essential oil than A. niger.

Essential oils and methanol extracts obtained from aerial parts of Thymus

vulgaris and Pimpinella anisum seeds were evaluated for their single and

combined antibacterial activities against nine Gram-positive and Gram-

negative pathogenic bacteria: Staphylococcus aureus, Bacillus cereus,

Escherichia coli, Proteus vulgaris, Proteus mirabilis, Salmonella typhi,

Salmonella typhimurium, Klebsiella pneumoniae and Pseudomonas

aeruginosa. Thyme essential oil inhibits the 90% of growth of the previous

bacterial strains at concentrations; 31.2, 15.6, 62.5, 31.2, 62.5, 250.0, 125.0,

500.0 and > 500 µg/ml, respectively (Al-Bayati, 2008).

Solomakos et al. (2008) showed that the antibacterial activity of thyme

essential oil in different concentrations alone and in combination with nisin

on E. coli O157:H7 in minced beef meat under refrigeration condition was an

additive effect against the pathogen. They added that the effect of thyme
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essential oil individually at different concentrations (0.3, 0.6 and 0.9%, v/v)

and at different time of incubation (0, 4, 8, 12, 16, 24 and 32 hrs) showed no

microbial growth at the concentrations 0.6 and 0.9% after all incubation time

while, concentration 0.3% showed 4.1, 2.8, 3.61, 4.69, 5.98 7.1 and 8.3 log

cfu/g at the previous incubation time, respectively.

On the other hand, Rota et al. (2008) determined the antimicrobial

activity of the essential oils of different thyme varieties including Thymus

vulgaris (thymol chemotype), Thymus zygis subsp. gracilis (thymol and two

linalool chemotypes) and Thymus hyemalis Lange (thymol, thymol/linalool

and carvacrol chemotypes).  They found that essential oils from T. hyemalis

(thymol) followed by T. hyemalis (carvacrol), T. zygis (thymol) and T.

vulgaris possessed antimicrobial activities against different pathogenic

bacterial strains including Salmonella enteritidis, Salmonella typhimurium,

Escherichia coli, Yersinia enterocoltica, Shigella flexneri , Shigella sonnei,

Listeria monocytogenes and Staphylococcus aureus. While, Goze et al.

(2009) studied the antimicrobial effect of Tyhmus Fallax essential oil - using

disc diffusion methods - on several pathogenic strains; Staphylococcus

aureus, Escherichia coli, Bacillus subtilis, pseudomonas aeruginosa and

Salmonella typhi. The obtained inhibition zones in millimeter were 90, 90,

70, 11 and 38 mm., respectively.

In study to evaluate the antibacterial effect of two traditional plants

essential oils, Thymus vulgaris and Eucalyptus globulus against clinical

isolates of Methicillin resistant Staphylococcus aureus (MRSA) and other

standard bacterial strains through disk diffusion and agar dilution methods,

Results revealed both of oils to possess degrees of antibacterial activity

against Gram (+) and Gram (–) bacteria. Thymus vulgaris essential oil

showed better inhibitory effects than Eucalyptus globulus essential oil

(Tohidpour et al., 2010).

Jia et al. (2010) studied the antimicrobial activities of the essential oils

from Thymus marschallianus and Thymus proximus against Escherichia coli,
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Staphylococcus aureus, Bacillus subtilis, yeast, Rhizopus and Penicillium.

Results from the antimicrobial disc-diffusion assay showed that the tested

organisms were affected by the 2 thyme essential oils tested and the formed

inhibition zones depended on the strain, the kind and the concentration of

extract. On the whole, S. aureus was the most sensitive strain for the thyme

oils, showing the largest inhibition zone diameter in the presence of the oils,

while yeast and Rhizopus were the most resistant strains for essential oils of

T. proximus T. marschallianus, respectively. The values of inhibition zones

for the tested organisms were in the range of 5.0 - 35.7 mm in diameter,

while their MIC values ranged from 1.81 to 4.52 μL/mL.

Viuda-Martos et al. (2011) found that the essential oil of thyme showed

inhibitory effects on Listeria innocua, Serratia marcescens and

Pseudomonas fluorescens with inhibition zones of 41.00, 20.25 and 23.50

mm for these bacteria, respectively. Desai et al. (2012) observed that the

thyme oil at concentration of 0.5% resulted in 4 log CFU/mL reduction of

Listeria monocytogenes within 30 min in broth, whereas 0.1% concentrations

required more than 24 h for the same level of reduction. Gorran et al. (2013)

found that the thyme (Thymus daenensis) essential oil could completely

inhibit the growth of Aspergillus flavus in the liquid culture at concentration

of 375 mg/l.

2.6. Antioxidant activity of essential oils:

The free radicals, chemical species or molecules are generated in vivo in

form of reactive oxygen spices (ROS) such as superoxide anion, hydroxyl

radical, and hydrogen peroxide which are highly reactive. They contain one

or more unpaired electrons causing damage to other molecules. Over-

production of ROS or called ‘oxidative stress’ causes damage of cellular
proteins, lipids, carbohydrates, and DNA which involved in many diseases

such as Alzheimer’s disease, mild cognitive impairment, Parkinson’s disease,
multiple sclerosis, cardiovascular disease, cardiac failure, and cancer Ali et

al., (2008).
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Therefore, the consumption of foods with natural antioxidants such as

fruits, vegetables, nuts, grains, spices, and herbs may provide health benefit.

Natural antioxidants have been shown to have ability to protect cells from

damage induced by oxidative stress which was considered as a cause of

aging, degenerative diseases, and cancer (Yanishlieva et al., 1999).

A number of synthetic antioxidants, such as butylated hydroxyanisole

(BHA) and butylated hydroxytoluene (BHT), have been developed, but their

use has begun to be restricted due to their toxicity (Ito et al., 1983 and

Namiki, 1990). Vitamin E (α-tocopherol) is an effective natural antioxidant

but has limited usage (Fang and Wada, 1993). As a result, there is

considerable interest in the food industry and in preventive medicine in the

development of natural antioxidants from botanical sources (Schuler, 1990;
Okuda et al., 1993 and Andersson et al., 1996).

The oxidation of lipids has long been classified as the major deterioration

process affecting both the sensory and the nutritional quality of foods. The

principle route of deterioration and possible economic loss of vegetable oils

is through rancidity resulting from oxidation which takes place at the double

bond sites in the triacylglycerol (lipid) molecules (LH). This free radical

chain process proceeds via initiation [reaction (1)], propagation [reactions (2)

and (3)] and termination steps [reactions (4) to (6)] as shown by

(Yanishlieva and Marinova, 2001):

(1) LH (Triacylglycerol molecules) → L•

(2) L• + O2 → LOO• (Peroxyl radical)

(3) LOO• + LH → LOOH + L•

(4) L• + L• → L – L

(5) LOO• + L• → LOOL

Propagation

Initiator

Initiation

Termination
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(6) LOO• + LOO• → Non-radical products

Hydroperoxides are the primary oxidation products. They are unstable

compounds which produce a number of secondary products such as alkanes,

alcohols, aldehydes and acids, some of which smell badly at low threshold

values. The chain breaking antioxidants AH are able to compete with the

substrate for the chain-propagating species, the peroxyl radicals LOO•, which

are normally present in high concentration in the system [reaction (7)]:

(7) LOO• +AH (Antioxidant) → LOOH + A•

Usually A• is a radical of low reactivity which does not propagate the

oxidation chain according to: A• + LH → AH + L•. The efficient inhibitors

are well known to terminate free radical chain oxidation by trapping two

peroxyl radicals according to reactions (7) and (8).

(8) LOO• + A•→ A – OOL (Non-radical recombination products)

The synthetic antioxidants are less expensive than natural antioxidants. It

is generally accepted that natural antioxidants are more potent, more efficient

and safer than synthetic antioxidants.

2.6.1. Antioxidant activity of cumin essential oil:

Singh et al. (2005) observed that the cumin essential oil exerted strong

and comparable antioxidative activity in mustard oil system as determined by

peroxide and thiobarbituric acid methods as well as the absorbance of the

DPPH radical.

Allahghadri et al. (2010) studied the antioxidant activity of cumin

essential oil. The study revealed that the oil showed higher antioxidant

activity compared with that of BHT and BHA. The cumin essential oil

exhibited a dose dependent scavenging of DPPH radicals and 5.4 μg of the

oil was sufficient to scavenge 50% of DPPH radicals/mL. The antioxidant

activity of cumin essential oil might contribute to its cytotoxic activity.
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Hajlaoui et al. (2010) investigated the antioxidant activity of cumin

essential oil using four different tests then compared with BHT. Results

showed that cumin essential oil exhibit a higher activity in each antioxidant

system with a special attention for β-carotene bleaching test (IC50: 20 µg/ml)

and reducing power (EC50: 11 µg/ml). Meanwhile, El-Ghorab et al. (2010)

mentioned that the major components in cumin volatile oil are cuminal, γ -

terpinene, and pinocarveol which represented antioxidant activity. They

added that cumin essential oil is better at reducing Fe3+ ions than dried or

fresh cumin.

However, antioxidant activities of the methanolic extract and essential oil

of Cuminum cyminum in the bulk of purified sunflower oil (PSFO) and

emulsion (emulsified PSFO) systems were investigated. On the basis of the

different methods of antioxidant activity evaluation, the methanolic extract at

levels 800 ppm exhibited higher antioxidative activities than the essential oil

at levels (200 – 2000 ppm) (Einafshar et al., 2012).

2.6.2. Antioxidant activity of rosemary essential oil:

Rosemary oleoresin was comparable to a commercial mixture of BHA,

BHT and citric acid in freeze-dried sausages for inhibition of lipid oxidation.

Although commercial antioxidants were more effective inhibiting of lipid

oxidation in frozen sausages, rosemary oleoresins significantly reduced lipid

oxidation compared to control samples with no antioxidants (Barbut et al.,

1988).

The effect of increasing levels (150, 300 and 600 ppm) of rosemary

essential oil on lipid and protein oxidation and the increase of non-heme iron

(NHI) content during refrigeration (+4 °C /60 days) of frankfurters produced

with tissues from Iberian pigs or white pigs, was studied. The effect of the

addition of rosemary essential oil on the oxidative stability of frankfurters

depended on the level of added essential oil and the characteristic of the

frankfurter. The rosemary essential oil successfully inhibited the

development of lipid and protein oxidation in Iberian pigs and the
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antioxidant effect was more intense at higher concentrations of essential oil.

In white pigs, 150 ppm rosemary essential oil showed an antioxidant effect

and significantly reduced the generation of lipid and protein oxidation
products. At higher levels (300 and 600 ppm) the essential oil had, in

general, no effect on lipid oxidation while significantly enhanced the
oxidation of proteins and the release of iron from myoglobin (Estévez and

Cava, 2006a).

Estévez et al. (2006b) evaluated the antioxidant effect of essential

rosemary oil on protein oxidation, modification of heme (HI) and non-heme

iron (NHI) concentrations in refrigerated stored porcine liver pâté (4 °C/90

days) as compared with the synthetic antioxidant (BHT). They showed that

rosemary essential oil exhibited similar antioxidant properties to BHT

denoting their suitability as alternatives to synthetic antioxidants. The oil

significantly lowered the amount of carbonyls from protein oxidation during

refrigerated storage, successfully protected heme molecules from

degradation and significantly inhibited the increase of NHI in refrigerated

stored liver pâtés.

Estévez et al. (2007) also studied the antioxidant effect of rosemary

essential oil in refrigerated stored liver pâté (4 °C/90 days) in comparison

with synthetic antioxidant (BHT). They illustrated that rosemary essential oil

significantly lowered the decrease of polyunsaturated fatty acids during
refrigerated storage of porcine liver pâté than in samples of control and BHT

pâté. Moreover, TBARS numbers in treated pates were significantly smaller

than in the control counterparts and the addition of oil significantly reduced
the total amount of oxidized lipid-derived volatiles isolated from liver pâté.

They added that the essential oil inhibited the oxidative deterioration of liver

pates to a higher extent than BHT did.

Olmedo et al. (2008) evaluated the antioxidant effect of rosemary

essential oil on the oxidative stability of fried–salted peanuts and found that

fried–salted peanuts with essential oils showed protection against the lipid
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oxidation process during storage when compared with the control samples. In

other study, the inhibition of linoleic acid peroxidation and bleaching of β-

carotene in linoleic acid system were used to determine the antioxidant

activity of rosemary essential oil. It was found that rosemary essential oil

presented moderate antioxidant activity with 50.7% - 59.1% inhibition of

peroxidation and slight decrease in the absorbance of β-carotene (Hussain,

2009).

(Bousbia et al., 2009) mentioned that the microwave hydrodistillation

gravity extraction method of rosemary essential oil increased the antioxidant

activity of rosemary essential oil and provides a more valuable essential oil

(with high amount of oxygenated compounds). Meanwhile, Romano et al.

(2009) studied the antioxidant and antibacterial activity of rosemary extract

containing 30% carnosic acid, 16% carnosol and 5% rosmarinic acid in vitro

alone and in combination with the antioxidant food additives butylated

hydroxytoluene (BHT) and butylated hydroxyanisole (BHA). Rosemary

enhanced the antioxidant efficiency of BHA and BHT.

In study to determine the antioxidant activity of rosemary essential oil,

inhibition of linoleic acid peroxidation and bleaching of β-carotene in

linoleic acid system were used. The results showed that rosemary essential

oil presented moderate antioxidant activity with 50.7% - 59.1% inhibition of

peroxidation and slight decrease in the absorbance of β-carotene (Hussain,

2009).

Moreover, rosemary (Rosmarinus officinalis L.) plants grow worldwide

and have been cultivated since long ago for its strong antioxidant activities.

Where, both of rosemary essential oil and their main components act as

donors of hydrogen atoms or electrons for the transformation of DPPH into

its reduced form DPPH● as described by (Ojeda-Sana et al., 2013). The

obtained results showed a significant antioxidant activity of myrcene with an

IC50 4.5 µl/ml followed by α-pinene with an IC50 18 µl/ml.
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Olmedo et al. (2013) evaluated the effect of rosemary essential oil on the

oxidative and fermentative stabilities of flavored cheese prepared with cream

cheese base. They found that rosemary essential oil demonstrated a

protective effect against lipid oxidation and fermentation in flavored cheese

prepared with cream cheese base. Cream cheese with the addition of

rosemary essential oil exhibited lower peroxide value than the control

samples which had much higher rancid flavor intensities during storage.

2.6.3. Antioxidant activity of thyme essential oil:

Lee and Shibamoto (2002) extracted volatile oils from thyme and basil.

Antioxidant activities against hexanal oxidation were noticed, especially

noteworthy; where, thyme and basil volatile extracts inhibited the oxidation

of hexanal for 40 days at the levels of 10μg/mL and 50μg/mL, respectively.
Sokmen et al. (2004) evaluated the antioxidant properties of essential oil

from Thymus spathulifolius (Hausskn. and Velen.) using the inhibition of

free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) and β-carotene–linoleic

acid systems. They observed that the essential oil was able to reduce the

stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) with an IC50 of

243.2± 7.20 µg/ml compared to 19.80± 0.50 µg/ml  for the synthetic BHT.

While the inhibition value of linoleic acid oxidation was calculated as 92%

for oil compared to 96% for BHT.

Tepe et al. (2005) compared the antioxidant potential of thyme essential

oils from two Thymus species (Thymus sipyleus subsp. sipyleus var. sipyleus

and Thymus sipyleus subsp. sipyleus var. rosulans) by using 2,2-diphenyl-1-

pic-rylhydrazyl (DPPH) and b-carotene/linoleic acid assays. In the first case,
the free radical scavenging activity of the essential oil of T. sipyleus subsp.

sipyleus var. rosulans was superior to var. sipyleus oil (IC50 ¼ 220 ± 0.5 and

2670±0.5 µg/ml, respectively). In the case of linoleic acid system, oxidation

of linoleic acid was effectively inhibited by T. sipyleus subsp. sipyleus var.

rosulans (92.0%) and the inhibition rate was close to the synthetic

antioxidant BHT (96.0%), while the var. sipyleus oil had no activity.
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Tomaino et al. (2005) demonstrated that the essential oils of basil,

cinnamon, clove, nutmeg, oregano and thyme, traditionally used for their

aromatic properties in the preparation of Mediterranean food, exhibit good

properties as free radical-scavengers/antioxidants. This fact can support their

use to control lipid oxidation during food processing.

Lee et al. (2005) identified aroma compounds in the extracts of basil

leaves (Ocimum basilicum L.) and thyme leaves (Thymus vulgaris L.) by gas

chromatography/mass spectrometry (GC/MS). The chromatogram (aroma

constituents) observed that linalool, eugenol, thymol, carvacrol, 1,8-cineol, α
-terpineol and 4-allylphenol were the main components of basil and thyme

leaves. Furthermore, Eugenol, thymol, carvacrol, and 4-allylphenol showed

stronger antioxidant activities than did the other components tested in the

assay. They all inhibited the oxidation of hexanal by almost 100% for a

period of 30 days at a concentration of 5μg/ml compare to those of the
known antioxidants, α-tocopherol and butylated hydroxy toluene (BHT).

Bounatirou et al. (2007) evaluated the antioxidant activities of thyme

essential oils from the aerial parts of Tunisian Thymus capitatus during the

different phases of plant development and from different locations. The

antioxidant activity of the oils (100–1000 mg / L), as compared with that of

butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT), was

assessed by measurement of metal chelating activity, the reductive potential,

the free radical scavenging (DPPH) and by the TBARS assay. They found

that both the essential oils and BHA and BHT showed no metal chelating

activity. Although with the other methodologies, there was a general increase

in the antioxidant activity, with increasing oil concentration, maxima being

obtained in the range of 500 and 1000 mg/ L for flowering and post-
flowering phase oils.

Safaei-Ghomi et al. (2009) determined the antioxidant activity of thyme

essential oil from Thymus caramanicus as well as the oil main component

(carvacrol) by means of the 2,2-diphenyl-1-picrylhydrazyl (DPPH) and β-
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carotene/linoleic acid bleaching assays. In DPPH test, the concentrations that

led to 50% inhibition (DPPH IC50) were found to be 263.09 ± 0.62 and

448.05 ± 3.62 µg/ml for oil and carvacrol, respectively, while was 19.72 ±

0.80 µg/ml for the standard commercial synthetic antioxidant (BHT).

Meanwhile, the percentages of β-carotene/linoleic acid inhibition were 79.03

± 0.54 %, 50.18 ± 0.34 % and 93.3% for oil, carvacrol and BHT,

respectively.

Jia et al. (2010) concluded that the thyme essential oils (from T.

marschallianus and T. proximus) had antioxidant properties and were

effective scavengers of free radicals as they contained higher concentration

of phenolic components. On the other hand, Sarikurkcu et al. (2010)

extracted Thymus longicaulis subsp. longicaulis var. longicaulis using

solvent extraction (hexane, ethyl acetate, methanol and water). The extracts

attained the remarkable activity to prevent lipid oxidation. In general,

methanol and water extracts exhibited the strongest activity profiles.

Viuda-Martos et al. (2011) determined the antioxidant activity of the

Egyptian essential oils from thyme (Thymus vulgaris) and other spices by

means of three different antioxidant tests. They showed that the thyme oil

presented the best antioxidant profile giving the highest percentaage of
inhibition of TBARS (80.76 %). Anthony et al. (2012) evaluated the

antioxidant and scavenging activities of different thyme essential oils from

different countries using series of dilutions to estimate their EC50 (DPPH

EC50 μg/mL) and found that the EC50 of these oils ranged from 260 to 480

μg/mL. While, Teixeira et al. (2013) determined the antioxidant activity of

thyme essential oil as measured by the DPPH method and found that its EC50

was 0.25 ± 0.01 mg/mL, while its antioxidant activity index was 0.3±0.0.

El Bouzidi et al. (2013) screened the  wild  and  cultivated  thyme

essential  oils  for  their  possible  antioxidant  activity  by  two  test systems,

namely  DPPH  free  radical  scavenging  and  the  ferric ion  reduction

assay. They observed that  all essential oils obtained  from  wild  and
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cultivated  Thymus  species  showed  antioxidant  activity  in  both  assays.

For  the  DPPH  assay,  the  most  potent  oil  was  obtained from  wild and

cultivated T.  maroccanus (IC50 =  82.87  ±  2.41  µg/mL and  88.42  ±  3.88

µg/mL,  respectively),  but  they  were  less  potent than  the  pure

compounds  used  as  positive  controls,  namely the synthetic antioxidant

BHT (IC50 =  4.21  ±  0.08  µg/mL)  and  the flavonol  quercetin  (IC50 =

1.07  ±  0.01  µg/mL).  Similarly,  the  highest  ferric  reductive  capacity

resided  with  the  oils  obtained from  wild  and  cultivated T.  maroccanus

(EC50 =  139.31  ±  1.08 and  149.41  ±  1.13  µg/mL,  respectively)

compared  with  quercetin (EC50 =  2.29  ±  0.1  µg/mL)  and  BHT  (EC50 =

7.09  ±  0.1  µg/mL).

2.7. Effects of irradiation on the antimicrobial and antioxidant activity

of essential oils:

The germicidal activity of irradiated orange essential oil was studied by

Harris et al. (1930), who found that irradiated orange essential oil has no

germicidal effect on selected pathogenic bacterial strains.

Several studies on spices treated with doses up to 10-15 kGy have shown

that no substantial changes occurred in volatile oils, flavour profiles, spicing

power as mentioned by IAEA (1992) and in the antioxidants properties as

mentioned by Kuruppu et al. (1985).

EL-Khawas (1995) studied the antioxidant activity of gamma irradiated

cumin essential oil at dose 10 kGy. He found that the antioxidant activity of

irradiated cumin essential oil was increased related to irradiation dose.

Antioxidant properties of caraway, cumin, anise and fennel essential oils

extracted from untreated, γ-irradiated and microwaved seeds were evaluated

by Farag and EL-Khawas (1998). As they found, neither γ-irradiation at 10

kGy nor microwave treatments affects the antioxidant status of the essential

oils under study in any way.
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By using ionizing radiation at dose of 10 kGy, a satisfactory result of

microbiological decontamination of medical herbs could be observed. The

content of essential biologically active substances such as essential oils,

flavonoids, glycosides, anthocyans, antra-compounds, poliphenoloacids,

triterpene saponins, oleanosides and plants mucus did not significantly

change after irradiation. Pharmacological activity of medicinal herbs has

been found satisfactory after microbiological decontamination by irradiation

(Owczarczyk et al., 2000).

Fan and Sokorai (2002) investigated the effect of irradiation on volatile

compounds of fresh cilantro leaves. Fresh cilantro leaves (Coriandrum

sativum L.) were irradiated with 0, 1, 2, or 3 kGy γ-radiation and then stored

at 3 °C up to 14 days. The obtained results conducted that the amounts of

linalool, dodecanal, and (E)-2-dodecenal in irradiated samples were

significantly lower than those in non-irradiated samples at day 14.

Khattak and Ali (2004) studied the antifungal activity of irradiation

doses on the antimicrobial activity of Nigella sativa. The obtained results

showed that the antifungal activity did not affect after irradiation doses. On

the other hand, Kitazuru et al. (2004) studied the effect of ionizing radiation

on natural cinnamon antioxidants. Samples were irradiated with 60Co using

doses 0, 5, 10, 15, 20, 25 kGy at room temperature. The study illustrated that

irradiation did not abolish the antioxidant activities of cinnamon to a great

extent; although a small decrease was observed at 20–25 kGy.

Topuz and Ozdemir (2004) irradiated sun-dried and dehydrated paprika

samples at doses from 2.5 to 10 kGy and analyzed capsaicinoid contents.

They found that the contents of capsaicin, dihydrocapsaicin and

homodihydrocapsaicin increased significantly by about 10% in samples

irradiated at a dose of 10 kGy.

There are not many reports of the influence of irradiation procedures on

antioxidant activity of herbs and spices. The effects of this processing

technique on antioxidant properties of seven dessert spices (anise, cinnamon,
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ginger, licorice, mint, nutmeg, and vanilla) were evaluated by Murcia et al.

(2004). With respect to the non-irradiated samples, water extracts of

irradiated spices at 1, 3, 5, and 10 kGy did not show significant differences

of antioxidant activity in the radical scavenging assays used.

Khattak et al. (2008) studied the effect of irradiation doses on the

antioxidant activity of irradiated Nigella sativa at doses 0, 2, 4, 6, 8, 10, 12

and 16 kGy using DPPH scavenging radical activity. The results found that,

in the control samples, the DPPH radical-scavenging activity was 79.4%,

79.1% and 92.0% for water, acetone and methanol extracts, respectively, at 5

mg/ml concentration. Thus, gamma irradiation enhanced the scavenging

activity in acetone and methanol extracts by 10.6% and 5.4%, respectively, at

16 kGy. In addition, the same trend of the preceding study for the same

authors Khattak et al. (2009) but on the antioxidant activity of Nelumbo

nucifera rhizome irradiated at doses 0, 1, 2, 4 and 6 KGy was investigated.

The results showed that free radical scavenging activity was enhanced after

gamma irradiation.

Alothman et al. (2009) summarized that the effects of ionizing (gamma

and electron beam) radiation on the compositional changes induced in

health-promoting phytochemicals and antioxidants of plant origin. The main

advantage was, the short processing time; in addition to the minor effect

irradiation had on the antioxidants in plant produce. Meanwhile, Kim et al.,

(2009) studied the effect of gamma irradiation on the natural antioxidants of

cumin essential oil by evaluating the radical-scavenging effect on the 1,1-

diphenyl-2-picryl hydrazyl (DPPH) radicals, determination of ferric reducing

antioxidant power (FRAP), total polyphenol content (TPC) and the

antioxidant index by β-carotene/linoleic acid co-oxidation. Cumin seeds

were irradiated in a cobalt-60 irradiator to 0, 1, 3, 5 and 10 kGy at ambient

temperature. The results showed that there was a good maintenance and

slight increase in the DPPH scavenging activity. A significant increase in the

antioxidant index was found in the 5 and 10 kGy irradiated cumin. Reducing

power of all the irradiated cumin was maintained to that of the non-
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irradiated. A slight increase and maintenance in the total polyphenolic

content was found in all irradiated cumin.

Lacroix et al. (2009) studied the effect of oregano essential oil alone and

in combination with gamma irradiation on the radiosensitivity of Listeria

monocytogenes and E. coli O157: H7. The results indicated that, the use of

essential oils in combination with irradiation has permitted an increase of the

bacterial radiosensitization by more than 3.1 times and that combination

effect was synergistic. Shim et al. (2009) studied the effect of γ-irradiation at

doses of 1, 3, 5 and 10 kGy on the contents of volatile compounds from

Paeoniae Radix such as  paeonol, carveol, eugenol acetate. They found that

the concentration of this compound increased with the increase of irradiation

dose level.

Khattak and Simpson (2010) irradiated Glycyrrhiaz glabra roots at

doses 0, 5, 15, 20 and 25 kGy to represent the effect of irradiation doses on

the chemical composition, the phenolic content, antimicrobial activity and

DPPH scavenging properties. The results revealed that the phenolic content

increased in samples irradiated with 20 and 25 kGy, these results may be

beneficial for plant antioxidant activity as well as, the DPPH scavenging

activity increased in all irradiated samples. While, the antibacterial and

antifungal activities did not affected up to 20 kGy.

Fatemi et al. (2011) suggested that the conventional method of gamma

irradiation used for preservation of medicinal plants sustains the composition

and biochemical properties of the caraway essential oils even at sterilization

dose of 25 kGy. Gamma-irradiation maintained the antioxidant properties of

caraway oils as judged by DPPH and β-carotene bleaching tests. These

evidences together with the results of GC/MS analysis clearly show that

there are no major changes in active components and properties of caraway

seeds following irradiation.
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2.8. Synergistic effect of essential oils as antimicrobials and

antioxidants:

Synergy needs to be distinguished from simple dose addition or additive

responses. Synergy represents a form of interaction / dynamic interplay as

opposed to a simple addition response. It is also important to acknowledge

that synergy is not necessarily always positive – antagonism can occur as

well as potentiation and that both situations can exist within a given essential

oil and within a blend of essential oils depending on the dose, application

and properties (Harris, 2002).

Despite the high efficiency of the essential oils and their constituents

against food-borne pathogens and spoilage microorganisms when in vitro

tests are conducted (Chorianopoulos et al., 2004 and Fisher and Phillips,

2006), the same effect in food is only achieved with higher concentration of

essential oils (Burt, 2004 and Hulin et al., 1998). This fact may imply an

organoleptic impact, caused by altering the natural taste of the food by

exceeding the acceptable flavor thresholds (Hsieh et al., 2001 and Nazer et

al., 2005). Few approaches have been proposed to minimise essential oil

concentrations and reduce the sensory effect.

One solution would consist of combining plant extracts. Although

essential oils were concluded to have greater activity than mixtures of their

major components (Gill et al., 2002 and Mourey and Canillac, 2002), the

combination of these major components with other constituents with a

weaker activity might result in a synergistic, additive or antagonist effect

(Ultee et al., 2000).

Fu et al. (2007) studied the combination of clove and rosemary essential

oils on the antimicrobial activity against Staphylococcus epidermidis,

Escherichia coli and Candida albicans. The results showed that both

essential oils possessed significant antimicrobial effects against all

microorganisms tested. The MICs of clove oil ranged from 0.062% to

0.500% (v/v), while the MICs of rosemary oil ranged from 0.125% to
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1.000% (v/v). The antimicrobial activity of combinations of the two essential

oils indicated their additive, synergistic or antagonistic effects against

individual microorganism tests. The time-kill curves of clove and rosemary

essential oils towards three strains showed clearly bactericidal and fungicidal

processes of 1/2 × MIC, MIC, MBC and 2 × MIC.

In a study to evaluate the efficacy of plant essential oils in combination

as antimicrobial agent and to investigate the effect of food ingredients on

their efficacy; the essential oils of lemon balm, marjoram, oregano,

rosemary, sage and thyme were used. Fractional inhibitory concentrations

(FIC) were calculated and interpreted as synergy, addition, indifference or

antagonism. The results showed that all the oregano combinations showed

additive efficacy against B. cereus, and oregano combined with marjoram,

thyme or basil also had an additive effect against E. coli and P. aeruginosa.

The mixtures of marjoram or thyme also displayed additive effects in

combination with basil, rosemary or sage against L. monocytogenes

(Gutierrez et al., 2008a).

Gutierrez et al. (2009) evaluated some essential oils (lemon balm,

marjoram, oregano and thyme) and their combinations for their antimicrobial

activies; where, the minimum inhibitory concentrations were determined

against Enterobacter spp., Listeria spp., Lactobacillus spp., and

Pseudomonas spp.  The results showed that the essential oil of oregano

combined with thyme had an additive effect against spoilage organisms.

Combining lemon balm with thyme yielded additive activity against Listeria

strains.

Rosato et al. (2009) investigated the synergistic effects between essential

oils (O. vulgare, P. graveolens and M. alternifolia) and the antifungal

compound Nystatin against Candida species. The results showed that an

experimental occurrence of a synergistic interaction between O. vulgare and

M. alternifolia essential oils and Nystatin. Some combinations of Nystatin

and P. graveolens essential oils did not have any synergistic interactions for
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some of the strains considered and associations of Nystatin with M.

alternifolia essential oil had only an additive effect.

Saad et al. (2010) studied a possible synergistic effect of the essential

oils of two Moroccan endemic thymes (Thymus broussonetii and Thymus

maroccanus) with amphotericin B and fluconazol against Candida albicans.

The fractional inhibitory concentration indices of Thymus maroccanus and

Thymus broussonetii essential oils combined with amphotericin B and

fluconazol, calculated from the checkerboard titer assay. Results indicate that

the synergistic effect of essential oils with fluconazol was stronger than the

combination with amphotericin B. All these data highlight that the essential

oils tested potentiate the antifungal action of amphotericin B and fluconazol,

suggesting a possible utilization of these essential oils in addition to

antifungal drugs for the treatment of some candidiasis due to Candida

albicans.

2.9. Utilization of essential oils in food industry:

The increased demand for safe and natural food, without chemical

preservatives, provokes many researchers to investigate the antimicrobial

effects of natural compounds. Numerous investigations have confirmed the

antimicrobial action of essential oils in model food systems and in real food

(Koutsoumanis et al., 1998 and Tsigarida et al., 2000). In addition, many

natural compounds found in dietary plants, such as extracts of herbs and fruit

extracts, possess antimicrobial activities against L. monocytogenes (Cowan,

1999; Hao et al., 1998 and Kim et al., 1995).

Several constituents of essential oil exhibit significant antimicrobial

properties when tested separately (Kim et al., 1995 and Lambert et al.,

2001). However, there is evidence that essential oils are more strongly

antimicrobial than is accounted for by the additive effect of their major

antimicrobial components; minor components appear, therefore, to play a

significant role. Since essential oils are considered as generally recognized as

safe (GRAS) (Kabara, 1991), the possibility of reinforcing their natural
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antimicrobial effects by the addition of small amounts of other natural

preservatives may be a way to attain a balance between sensory acceptability

and antimicrobial efficacy.

Billing and Sherman (1998) had two hypotheses about how people

started using spices. First, people who used spices, especially in hot

countries, suffered less from foodborne illnesses and stored their food for

longer periods of time. Second, adding spices changed the taste and flavor of

food, and made it more palatable and safe for consumption.

In the food industry, rosemary is a very frequently used herb and its

extracts are added to some products to improve their oxidative stability and

to ameliorate the organoleptic profiles (Sui et al., 2012).

2.10. Application of synergistic effect of essential oils on some food

products:

Spices and herbs can be used as an alternative preservative and pathogen-

control method in food materials. Generally, effective essential oils in

decreasing order of antimicrobial activities are: oregano > clove > coriander

> cinnamon > thyme > mint > rosemary > mustard > cilantro/sage (Burt,

2004). There are differences between in vitro and in-food trials of plant

origin antimicrobials, mainly because only small percentages of essential oils

are tolerable in food materials.

Finding the most inhibitory spices and herbs depends on a number of

factors such as type, effects on organoleptic properties, composition and

concentration and biological properties of the antimicrobial and the target

micro-organism and processing and storage conditions of the targeted food

product (Naidu, 2000, Gutierrez et al., 2008a and Romeo et al., 2008).

Despite some positive reports in regard to application of plant-origin natural

antimicrobials, two major issues are faced regarding application of plant-

origin antimicrobials in food: odors created mostly by the high

concentrations, and the costs of these materials (Silva et al., 2007 and

Proestos et al., 2008).
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Sadeghi et al. (2012) evaluated the effect of Cuminum cyminum L.

essential oil and Lactobacillus acidophilus (a probiotic) on growth of

Staphylococcus aureus in white brined cheese. The experiment included

different levels of essential oils (0, 7.5, 15 and 30 mL/ 100 mL milk) and L.

acidophilus (0 and 0.5%) to assess their effects on S. aureus count during the

manufacture, ripening and storage of Iranian white brined cheese for up to 75

days. The obtained results revealed that the best inhibitory effect was

obtained at combination of 15 mL/100 mL cumin essential oil and 0.5%

probiotic.





3. MATERIALS AND METHODS

3.1. Materials:

3.1.1. Spices:

Cumin (Cuminum cyminum L.), rosemary (Rosmarinus officinalis L.) and

thyme (Thymus vulgaris L.) were obtained at 2011 from AMD verde

company, Cairo, Egypt.

3.1.2. Ingredients:

Whole Egg, Lemon juice, Vinger, Mustard, Sugar, White pepper were

purchased from local market. While, Sunflower oil (Refined and free from

artificial antioxidants) was purchased from ARMA for food industry Co.,

10th of Ramadan

3.1.3. Chemicals:

Butylated hydroxytoluene (BHT) as a synthetic antioxidant (of purity

99.9 %) was purchased from Naarden International U.K. Limited, England,

[Polyoxyethylene (20) sorbitan monooleate (Tween 80), Dimethyl

sulfoxide (DMSO) and Barium chloride (BaCl2) were purchased from

Alpha Chemika™, Mumbi, India], Sodium chloride was obtained from

Cook΄s Company, United food Industries, 6th October City, Egypt and 2,2-

diphenyl-1-picrylhydrazyl (DPPH) was purchased from Sigma-Aldrich,

Germany.

3.1.4. Microbial strains:

Escherichia coli, Salmonella typhimurium, Bacillus cereus and

Staphylococcus aureus strains were obtained from the Egyptian Microbial

Culture Collection (EMCC) Faculty of Agriculture, Ain Shams University,

Cairo, Egypt. While Aspergillus flavus strain was obtained from the Regional

Center for Mycology and Biotechnology, Faculty of Science, Elazhar

University, Cairo, Egypt.
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3.1.5. Microbiological media:

All of the following microbiological media (Oxoid, 2006) were purchased

from the most famous companies of chemicals in Cairo, Egypt.

3.1.5.1. Nutrient agar:

The medium used for bacterial growth was consisted of:

Lab Lemco  powder 1.0 gm.

Yeast extract 2.0 gm.

Peptone 5.0 gm.

Sodium chloride 5.0 gm.

Agar 15.0 gm.

Distilled water 1.0 L

pH 7.4 ± 0.2

3.1.5.2. Mueller Hinton Agar:

This medium was used for bacterial growth consisted of:

Beef, dehydrated infusion form 300 gm.

Casein hydrolysate 17.5 gm.

Starch 1.5 gm.

Agar 17 gm.

Distilled water 1.0 L

pH 7.3 ± 0.2

3.1.5.3. Mueller Hinton Broth:

This medium was used for bacterial growth consisted of:

Beef, dehydrated infusion form 300 gm.

Casein hydrolysate 17.5 gm.
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Starch 1.5 gm.

Distilled water 1.0 L

pH 7.3 ± 0.1

3.1.5.4. Sabouraud`s Dextrose Agar:

This medium was used for fungal growth consisted of:

Glucose 40 gm.

Mycological peptone 10 gm.

Agar 15 gm.

Distilled water 1.0 L

pH 5.6 ± 0.2

3.1.5.5. Potato Dextrose Agar:

This medium was used for fungal growth consisted of:

Glucose 20 gm.

Potato extract 4 gm.

Agar 15 gm.

Distilled water 1.0 L

pH 5.6 ± 0.2

3.1.5.6. Peptone Water:

A basal medium was used for inoculation the bacterial strains

Peptone 10 gm.

Sodium chloride 5 gm.

Distilled water 1.0 L

pH 5.6 ± 0.2
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3.1.5.7. Brilliant green agar:

A selective medium used for the isolation of Salmonellae

Protease peptone 10 gm.

Yeast Extract 3 gm.

Lactose 10 gm.

Sucrose 10 gm.

Sodium chloride 5 gm.

Phenol red 0.08 gm.

Brilliant green 0.0125 gm.

Agar 12 gm.

Distilled water 1.0 L

pH 6.9 ± 0.2

3.1.5.8. Selenite broth base (Lacotse):

Peptone 5 gm.

Lactose 4 gm.

Sodium phosphate 10 gm.

Distilled water 1.0 L

pH 7.1 ± 0.2

3.2. Methods:

3.2.1. Extraction of essential oils:

The essential oils of cumin (C), rosemary (R) and thyme (T) were

individually extracted by steam distillation using a stainless steel apparatus

then the essential oils yield was measured according to Guenther (1961).

The extracted volatile oils from each spice were collected, dried over

anhydrous sodium sulphate, divided into 11 dark glass bottles and kept at –
20 oC until needed.
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3.2.2. Irradiation of essential oils:

Samples of the extracted essential oils were subjected to gamma

irradiation at doses of 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 kGy. Irradiation

treatments were carried out using an experimental 60Co Russian Gamma

chamber (providing a dose rate of 3.7 kGy/hr), Cyclotron Project, Nuclear

Research Center, Atomic Energy Authority, Egypt.

3.2.3. Analysis of the extracted essential oils:

3.2.3.1. Percentages of essential oils:

The percentages of essential oil contents in cumin, rosemary and thyme

spices were determined according to AOAC (1996).

3.2.3.2. Physiochemical properties:

3.2.3.2.1. Specific gravity:

The specific gravity of essential oil was determined at 20 oC using a

pycnometer 10 cm3, Guenther (1961).

3.2.3.2.2. Refractive index:

The refractive index value of the essential oil was determined at room

temperature using Abbe refractometer. A correction factor of 0.00044 was

used for every degree above or below 25 oC, Guenther (1961).

3.2.3.2.3. Acid value:

The acid value was determined according to the procedure stated by

Guenther (1961).

3.2.3.3. Identification of chemical components of essential oils:

The Gas Chromatography / Mass Spectrometry (GC/MS) technique was

used for separation and identification of chemical components of non-

irradiated cumin, rosemary and thyme essential oils as well as those

irradiated at the chosen doses, based on the results of preliminary

experiments for antimicrobial and antioxidant activity. Analyses were

performed using a TRACE 2000 GC-MS (THERMO) equipped with a flame
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ionization detector. A capillary column (30 M length and 0.25 mm ID)

packed with DB-5 (5% phenyle) methylpolysiloxane was used for separation,

while the instrument was operated under electron-impact (EI) mode at 70 ev.

The auxzone and injector temperatures were 250 oC and 220 oC, respectively.

Helium was used as a carrier Gas at flow rate of 20 cm/sec. The oven

Temperature was kept at 40 oC for 2 min and increased up to 250 oC at a rate

of 5 oC /min, then kept constant at this temperature for 3 min. The injected

sample was 1 μl (Kose et al., 2010).

3.2.4. Experiments for antimicrobial activity of the essential oils:

3.2.4.1. Evaluation of antimicrobial activity using agar well-diffusion

method:

Agar well-diffusion method was performed according to the method

designed by Bennett et al. (1966)

3.2.4.1.1. Microbial inoculation:

A suspension from each of the studied microbial strains was prepared in a

sterilized peptone water to give a count of 107 -108 cfu/ml for the organism.

The density of organism suspension was adjusted using the 0.5 McFarland

Standard which made as follow; Add 0.5 ml of 0.048 M BaCl2 (1.17% w/v

BaCl2. H2O) to 99.5 ml of 0.18 M H2SO4 (1% v/v) with constant stirring.

Distribute the standard into screw cap tubes of the same size and with the

same volume as those used in growing the broth cultures. Seal the tubes

tightly to prevent loss by evaporation. Store protected from light at room

temperature. Vigorously agitate the turbidity standard on a vortex mixer

before use. Standards may be stored for up to 6 months, after which time

they should be discarded (Andrews, 2001).

3.2.4.1.2. Preparation of plates:

Seven ml of the appropriate sterilized media (Mueller Hinton Agar for

bacteria and Potato Dextrose Agar for fungi) were poured into a sterile 90

mm Petri dish and allowed to harden. Further 7.0 ml. portion of the same

media but inoculated with a suspension of the tested organism was poured
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over the surface of the harden media in the dish and allowed to harden

(Andrews, 2001).

3.2.4.1.3. Antimicrobial activity assay:

The antibacterial activity of irradiated and non-irradiated control essential

oils under investigation was assayed against the examined microorganisms

using the prepared plates as described by Pérez et al. (1999). Three wells

were symmetrically formed around the center in the plate containing the

seeded media using a sterile cork borer. Portions of 30, 50 and 70 μl of the
studied essential oil were transferred individually to the three formed wells in

the plate and diffusion was allowed in the refrigerator over-night. Plates

which inoculated with bacteria were incubated at 37 oC / 48 hr, while those

inoculated with the fungus were incubated at 25 oC / 72 hr, then the

inhibition zone was measured in mm after the incubation period.

3.2.4.1.4. Choosing of the optimum irradiation dose:

Based on the observed results, samples of the examined essential oils

which showed the highest antimicrobial activity were recorded. Subsequently,

the optimum irradiation doses for each of the studied essential oils were

chosen to be 2 and 4 kGy for cumin essential oil, 6 kGy for rosemary

essential oil and 4 kGy for thyme essential oil. These irradiation doses are

also used in the making binary mixtures (1:1 v/v) from both non-irradiated

and irradiated essential oils.

3.2.4.2. Measurement of Synergy:

The synergistic antibacterial effect of both non-irradiated and the chosen

irradiated cumin, thyme and rosemary essential oils were calculated for each

of Escherichia coli, Staphylococcus aureus, Bacillus cereus and Salmonella

typhimurium separately as follows:



59

3.2.4.2.1. Evaluation of Minimum Inhibitory Concentration (MIC):

3.2.4.2.1.1. Preparation of essential oil dilutions in Dimethy sulfoxide

(DMSO):

Prepare 3 bottles; the first one contains 10000 ppm, the second one

contains 1000 ppm and the last one contains 100 ppm. All the previous

bottles contain essential oil diluted in DMSO. Then, label 11 universal

containers as follows: 128, 64, 32, 16, 8, 4, 2, 1, 0.5, 0.25 and 0 ppm.

 From the 10000 ppm stock, dispense the following amounts with a

micropipette:

 256 µl into the container labeled 128

 128 µl into the container labeled 64

 64 µl into the container labeled 32

 32 µl into the container labeled 16

 From the 1000 ppm stock, dispense the following amounts with a

micropipette:

 160 µl into the container labeled 8

 80 µl into the container labeled 4

 40 µl into the container labeled 2

 From the 100 ppm stock, dispense the following amounts with a

micropipette:

 200 µl into the container labeled 1

 100 µl into the container labeled

 50 µl into the container labeled 0.25
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The previous methods according to Andrews, 2001.

3.2.6.1.1. Evaluation of Minimum Inhibitory Concentration (MIC):

Dilutions of cumin, rosemary and thyme essential oil were made for

evaluation of the interactions. The type of interaction was studied on the

Escherichia coli, Staphylococcus aureus, Bacillus cereus and Salmonella

typhimurium bacterial strain. Dilutions from the 0.5 McFarland bacterial

cultures were prepared and distributed into varying concentrations of the

different essential oils (each from cumin, rosemary and thyme). The

inoculated tubes were incubated at 37 °C for 24 h and then evaluated for

bacterial growth. Whereas, the minimum inhibitory concentration was

defined as the lowest essential oil concentration that results in no visible

growth (turbidity) (Vigil et al., 2005).

3.2.4.2.2. Determination of Fraction Inhibitory Concentration (FIC):

To assess the activities of oil combinations, fraction inhibitory

concentration was determined based on the determined MIC and using the

checker board methods (Houghton, 2009) as follows:

Where:

FICI = the fractional inhibitory concentration indices were calculated

as FICA + FICB, where, FICA and FICB are the minimum

concentrations that inhibited the bacterial growth for oil samples A

and B, respectively.

MICA combination = MIC of oil A in the presence of oil B

MICB combination = MIC of oil B in the presence of oil A

MICA alone = MIC of one single oil sample
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MICB alone = MIC of another single oil sample

From the observed FIC for each of oils, the mean fractional inhibitory

concentration (FIC) indices were calculated as follows:

FICI = FICA + FICB

Then the results of FICI were categorized as synergism, addition,

indifference or antagonism as follows: synergistic (< 0.5), additive (0.5 –1.0),

indifferent (>1– 4) or antagonistic (> 4.0).

3.2.4.2.3. Use of Isoboles and Isobolograms:

Isobolograph analysis was performed according to Tallarida (2001), to

evaluate the presence of synergism or antagonism. It requires experimental

data for agents used alone and in different dose combinations at equieffective

levels. The data is plotted on graphs as shown in Figure (3) with the axes

representing the doses of each agent. If two agents do not interact, the line

that forms with the points corresponding to the different combination of

doses representing the sum of the effects will be a straight line.

When agents in combination are more effective than what might be

expected from their dose-response curves (synergy), smaller amounts will be

needed to produce the effect under consideration, and a concave-up isobole

results. On the other hand, when agents in combination are less effective than

expected (antagonism), greater doses than expected will be needed to

produce the same effect, and a concave-down isobole is generated. Different

doses of the compounds were selected using the checkerboard method

(Davidson and Parish, 1989).
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3.2.4.3. Evaluation of the minimum bactericidal concentration (MBC) of

essential oils:

The Minimum bactericidal concentration (defined as the essential oil

concentration which kills 99.9% or more of the initial inoculum) was

determined for the examined essential oils and their mixtures against the

same bacterial strains (Escherichia coli, Staphylococcus aureus, Bacillus

cereus and Salmonella typhimurium) separately according to Vigil et al.

(2005). Tubes of each bacterial suspension containing the different

concentrations of essential oils were prepared as mentioned above (in the

determination of the minimum inhibitory concentration). However, tubes

were prepared with individual essential oils as well as with a mixture of two

oils (1:1v/v) interchangeably but representing the same concentrations of the

individual oils. For each of individual oils and essential oils mixtures, tubes

of 4 concentrations were chosen (representing the minimum inhibitory

concentration in addition to the first lower concentration and the first two

higher concentrations). For each bacterial strain, inoculums from each of the

prepared tubes were transferred into Mueller Hinton Agar plates. Then plates

were incubated at 37 oC for 48 hr and checked for viable colonies. Plates

with no viable colonies presented the MBC of the examined oil or oils

mixture.

3.2.4.4. Evaluation of the antimicrobial activity of essential oils mixtures

in mayonnaise (as a food system):

3.2.4.4.1. Preparation of control mayonnaise samples:

Mayonnaise was prepared as described by (Kishk, 1997) except that

whole egg was substituted with egg yolk only according to (Xiong et al.,

2002). Therefore, the main formula of mayonnaise was consisted of

sunflower oil (70.28 %), egg Yolk (22.17 %), lemon juice (2.20 %), vinegar

(0.63 %), mustard flour (2.51 %), Sugar (0.64%), salt (1.26 %) and white

pepper (0.31 %).
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Ingredients of salt, sugar, mustard and white pepper were first mixed

with the egg yolk, vinegar and lemon juice using electronic mixer on puree

velocity (low speed) for about 5 seconds. The oil was then slowly (drop by

drop) added to the system during the first 30 seconds and more rapidly after

the mass begins to thicken with continued mixing for 30 sec at the same

velocity followed by mixing on blend velocity (medium speed) for 20

seconds. Then all ingredients were mixed on liquefy velocity (maximum

speed) for 15 seconds.

3.2.4.4.2. Determination of the maximum acceptable concentration of

essential oils in mayonnaise:

The maximum acceptable concentration of the studied essential oils in

mayonnaise was determined through sensory evaluation tests. For each of the

examined oils (cumin, thyme and rosemary essential oils), different

mayonnaise samples were prepared by adding different concentrations of the

individual non-irradiated essential oil or oils mixture (1:1 v/v) to the

sunflower oil. The volume of the added essential oil was deducted from the

main volume of the sunflower oil, while the final concentrations of the added

essential oil in mayonnaise (w/w) were  0.0%, 0.5%, 0.7% and 0.9% for

cumin essential oil, 0.0%, 0.2%, 0.4%, and 0.6% for thyme essential oil and

0.0%, 0.4%, 0.6% and 0.8% for rosemary essential oil.

The different samples of the prepared mayonnaise were subjected to

sensory evaluation for their odor and taste. Sensory evaluation was

performed by nine non-expert members of our laboratory (Food irradiation

unit) using a 9-point scale, where 9 = like extremely, 8 = like very much, 7 =

like moderately, 6 = like slightly, 5 = neither like nor dislike, 4 = dislike

slightly, 3 = dislike moderately, 2 = dislike very much and1 = dislike

extremely according to (Pajohi et al., 2011). Based on the results of sensory

evaluation, the maximum acceptable concentrations of the individual

essential oils in mayonnaise (w/w) were determined and the possible

concentrations of the mixtures of essential oils were selected to be 0.4% for
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cumin essential oil, 0.1% for thyme essential oil, 0.2% for rosemary essential

oil, 0.2% for essential oils mixtures.

3.2.4.4.3. Preparation of mayonnaise samples :

3.2.4.4.3.1. Un-inoculated mayonnaise samples:

Based on the results of sensory evaluation of mayonnaise samples and the

highest determined antimicrobial properties of selecting irradiation doses for

essential oils (well-diffusion method), seven groups of mayonnaise samples

were prepared using sunflower oil only (control) as well as sunflower oil

containing the different mixtures of essential oil mixtures at concentration

0.2% (w/w) as follow:

1- Sunflower oil (0% essential oils).

2- Non-irradiated cumin oil + Non-irradiated thyme oil (C0 X T0).

3- Non-irradiated cumin oil + Non-irradiated rosemary oil (C0 X R0).

4- Non-irradiated rosemary oil + Non-irradiated thyme oil (R0 X T0).

5- 4kGy irradiated cumin oil + 4kGy irradiated thyme oil (C4 X T4).

6- 4kGy irradiated cumin oil + 6kGy irradiated rosemary oil (C4 X R6).

7- 6kGy irradiated rosemary oil + 4kGy irradiated thyme oil (R6 X T4).

Note: concentration of each of the added essential oils mixture was based

on the maximum acceptable concentration of oils having the lower

acceptable value.

Samples of the prepared mayonnaise were left at room temperature for 24

hr before analysis.

3.2.4.4.3.1.1. Microbiological analysis of un-inoculated mayonnaise:

For samples of the un-inoculated mayonnaise, 25 g samples were

aseptically removed to prepare the initial 1/10 dilution which was used for

the preparation of other serial dilutions in 0.1% peptone water. Then total
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bacterial count was determined in by plating on plate count agar medium and

incubation at 30˚C for 3 days according to APHA (1992).

3.2.4.4.3.2. Inoculated mayonnaise samples:

As with the un-inoculated mayonnaise samples, other similar groups of

samples were prepared under controlled conditions using decontaminated

ingredients, in which, salt, sugar, white pepper mustard and egg yolk were

gamma irradiated at dose 5 kGy for decontamination (Muhamad et al., 1986)

and keeping the sensory evaluation and aroma (Farkas, 1988), while lemon

juice and vinegar were exposed to UV irradiation for 20 min., and distributed

in appropriate vials of 100 ml capacity. Then samples were inoculated with a

suspension of Salmonella typhimurium (as a possible pathogen of concern in

mayonnaise) in peptone water to give approximately 105 cfu of the organism

per gram sample. The inoculated samples were well mixed for better

distribution of the inoculum in samples and stored at 37 oC for 72 hr (Xiong

et al., 2002).

3.2.4.4.3.2.1. Microbiological analysis of inoculated mayonnaise:

For the inoculated mayonnaise samples, 10 g contaminated mayonnaise

was then added to 90 ml of 1% Buffered Peptone Water and the mixture was

homogenized well for 1 min. Serial tenfold dilutions in 0.1% peptone diluent

were plated onto Briliant green (BG) agar using the surface spread method.

The BG agar plates were incubated at 37 oC for at least 24 hr. and then the

viable colonies were enumerated (Xiong et al., 2002).

3.2.5. Experiments for antioxidant activity of the essential oils:

3.2.5.1. Determination of the maximum acceptable concentration of

essential oils in sunflower oil:

The essential oil of cumin, rosemary and thyme were studied in this trail

to detect the proper concentration of each essential oil which can be used as

antioxidant for sunflower oil. Sensory evaluation test was performed to

illustrate the effect of adding cumin, rosemary and thyme essential oils
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(individually) to sunflower oil according to the method reported by

Ranganna (1978).

To sets of beakers 20ml (6 each) containing 10ml sunflower oil were

mixed separately with different concentration (0.0%, 0.1%, 0.2%, 0.3%,

0.4% and 0.5%, v/v) of each cumin, rosemary and thyme essential oil. The

odour was checked by smell in an ascending order according to essential oil

concentration using an appropriate blotter. Sensory evaluation was carried

out by eleven non-expert members of food irradiation unit and the intensity

of the odor was described according to El-Baroty (1988) using the following

scale:

0 = no odour,

1 = very weak odour,

2 = higher acceptable odour,

3 = non acceptable odour.

3.2.5.2. Determination of the antioxidant activity of essential oils:

3.2.5.2.1. Measurement of scavenging Activity:

The hydrogen atoms or electrons donation ability of the corresponding

extracts and some pure compounds were measured from the bleaching of

purple coloured methanol solution of 2, 2-diphenyl-1-picrylhydrazyl (DPPH).

The effect of oils on DPPH radical was estimated according to Kose et al.

(2010). 1 ml of various concentrations (200, 300, 400 and 500 µg/ml) of the

essential oils and Butylated Hydroxy Toluene (BHT) in methanol was added

to a 4 ml of DPPH radical solution in methanol (0.004%). The mixture was

shaken vigorously and allowed standing for 30 min; the absorbance of the
resulting solution was measured at 517 nm with a spectrophotometer

(Shimadzu UV-1601, Kyoto, Japan). Inhibition of free radical DPPH in

percent (I%) was calculated in following way:

I% = 100 x (AControl – ASample) /Acontrol
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Where, AControl is the absorbance of the control reaction (containing all

reagents except the test compound), and ASample is the absorbance of the test

compound. Butylated Hydroxy Toluene (BHT) was used as a control.

3.2.5.2.2. Measurement of sunflower oil stability by Rancimat apparatus:

The oxidative stability of sunflower oil as affected by the addition of the

different studied essential oil mixtures or BHT was determined using A

Metrohm Rancimat model 679 (Herisau, Switzerland) was used. The

Rancimat test is based on automatically determining the time (known as the

oxidative/oil stability index (OSI)) before the maximum rate change of

oxidation. A stream of air was bubbled into oil samples (3.0 g) contained in a

reaction vessel placed in an electric heating block. The effluent air that
contained volatile organic acids from the oil sample was collected in a

measuring vessel containing distilled water (60 mL). The conductivity of the

water as oxidation proceeded was measured automatically. Filtered, cleaned,

dried air was allowed to bubble through the hot oil at a rate of 15 L/h. The

OSIs of the oil samples were automatically recorded at 120 oC. In each time,

eight oil samples were accommodated in the equipment and analyzed

simultaneously. The oil samples for all determinations were randomized to

determine their position in the heating block (Farhoosh and Moosavi, 2007).

3.2.5.3. Evaluation of interaction between essential oils as antioxidants:

The selective doses of irradiation were selected according to the highest

antioxidant properties (Rancimat apparatus test and Scavenging activity test)

of all individually treated essential oils. Thus, the selected doses used in

making essential oils mixtures were; 2 and 4 kGy for cumin essential oil, 6

kGy for rosemary essential oil and 4 kGy for thyme essential oil.

Thus, eight groups of essential oils mixtures (1:1, v/v) were prepared

from non-irradiated essential oils (control) as well as irradiated essential oils

as follow:

1- Non-irradiated cumin oil + Non-irradiated thyme oil (C0 X T0).

2- Non-irradiated cumin oil + Non-irradiated rosemary oil (C0 X R0).
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3- Non-irradiated rosemary oil + Non-irradiated thyme oil (R0 X T0).

4- 2kGy irradiated cumin oil + 4kGy irradiated thyme oil (C2 X T4).

5- 2kGy irradiated cumin oil + 6kGy irradiated rosemary oil (C2 X R6).

6- 4kGy irradiated cumin oil + 4kGy irradiated thyme oil (C4 X T4).

7- 4kGy irradiated cumin oil + 6kGy irradiated rosemary oil (C4 X R6).

8- 6kGy irradiated rosemary oil + 4kGy irradiated thyme oil (R6 X T4).

These essential oils mixtures were subjected to scavenging activity test

and the Rancimat apparatus test to evaluate all probability interactions.

3.2.6. Statistical analysis:

All the experiments were carried out in triplicate and mean and standard

error (S.E.) were calculated. Then, the results were subjected to PROC

ANOVA followed by Duncan`s significant differences using SAS program

(version 9.1.3) software (Cary, NC). Significant levels were defined as P <

0.05 (SAS, 2004).



4. RESULTS AND DISCUSSION

4.1. Effect of gamma irradiation on the physiochemical properties of

essential oil:

Determining the quality and purity of essential oils faces similar

difficulties to establishing the quality of raw spices, given the accepted

variations in and mixing of varieties within a particular spice. There are,

however, a number of properties that can be used to set quality standards.

These include physical characteristics such as; specific gravity and refractive

index. It is also possible to use chemical properties to benchmark quality.

These include determination of acids value (Guenther, 1974). It’s known
that during irradiation of foods, chemical and physical properties of the food

constituents are sometimes modified (Olson, 1998).

4.1.1. Effect of gamma irradiation on the physiochemical properties of

cumin essential oil:

Physiochemical properties of cumin essential oil were determined in both

irradiated essential oil and non-irradiated essential oil.

4.1.1.1. Refractive Index:

As shown in Table (1) and Figure (4) the refractive index of irradiated

cumin essential oil was 1.5000, 1.5050 and 1.5045 at doses 2, 4, and 6 kGy,

respectively. The refractive index was 1.502 in non-irradiated cumin

essential oil. Similar value was obtained by Guenther (1974); Azeez (2008)

and (Burdock, 2010). It was obvious from Table (1) and Figure (4) that

various gamma irradiation doses undertaken caused only changes on the

right two decimal numbers of the refractive index of the essential oil. Same

results obtained by Abdelaleem (2008) who mentioned that the refractive

index of irradiated coriander essential oil at doses 2, 4 and 8 kGy changed

only in the fourth decimal numbers.
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4.1.1.2. Specific Gravity:

From Table (1) and Figure (5) it is clear that the specific gravity of non-

irradiated cumin essential oil was 0.908. Whereas, all irradiated samples had

the same specific gravity. The results in the line with Abdelaleem (2008)

and Fazakerley et al. (1961), who reported that the specific gravity of

irradiated coriander and peppermint essential oil was not changed after

irradiation with 10 kGy.

4.1.1.3. Acid Value:

Table (1) and Figure (6) showed that the acid value of cumin essential

oil in irradiated samples at doses 2, 4 and 6 kGy were slightly higher (2.5,

2.5 and 2.7, respectively) than the control one which had acid value 2.4. The

data in accordance with those obtained by Amin (2001) and Azeez (2008).

4.1.2. Effect of gamma irradiation on the physiochemical properties of

rosemary essential oil:

4.1.2.1. Refractive Index:

Data in Table (1) and Figure (4) represented that the refractive index of

all irradiated rosemary essential oil at doses 2, 4 and 6 kGy were (1.471) the

same and there were no differences. While non-irradiated essential oil had a

refractive index 1.468. The obtained datum in control sample was in

agreement with that obtained by El-Laban (1998) and Clarke (2008).

Fazakerley et al. (1961) mentioned that the refractive index of irradiated

peppermint essential oil was not changed after irradiation with 10 kGy.

4.1.2.2. Specific Gravity:

The specific gravity of irradiated rosemary essential oil was slightly

increased compared to non-irradiated rosemary essential oil as shown in

Table (1) and Figure (5). Whereas, specific gravity was 0.892 in non-

irradiated sample and 0.906, 0.899 and 0.895 in 2, 4 and 6 kGy samples.

71
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Table (1): Effect of gamma irradiation on physiochemical properties of different essential oils

Thyme essential oil Cumin essential oil Rosemary essential oil

Irradiation Treatments (kGy)

0 2 4 6 0 2 4 6 0 2 4 6

R
ef

ra
ct

iv
e

in
de

x 1.4930A

± 0.005
1.4921A

± 0.006
1.4950A

± 0.005
1.4950A

± 0.011
1.5020B

± 0.005
1.5000B

± 0.005
1.5050B

±0.005
1.5045B

± 0.011
1.4680C

± 0.005
1.4710C

± 0.011
1.4710C

± 0.005
1.4710C

± 0.005

Sp
ec

if
ic

gr
av

it
y 0.9230D

± 0.005
0.9250D

± 0.006
0.9270D

± 0.005
0.9200D

± 0.011
0.9080E

± 0.005
0.9060E

± 0.011
0.9180E

± 0.006
0.9078E

± 0.011
0.8920F

± 0.049
0.9060F

± 0.003
0.8990F

± 0.007
0.8955F

± 0.000

A
ci

d
va

lu
e 1.2G ±

0.057
1.3G ±

0.057
1.3G ±

0.115
1.24G ±

0.005
2.4H ±

0.057
2.5H ±

0.057
2.5H ±

0.057
2.7H ±

0.057
0.91I ±
0.014

0.9I ±
0.057

1.1I ±
0.115

1.2I ±
0.057

Each value represents the mean  S.E.;
The mean value with different superscript alphabets in the same row (under the same spice essential oil in each determination)
indicate significant differences (P0.05)
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Fig.(4):Effect of gamma irradiation on the refractive index of thyme, cumin and rosemary essential oil
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Fig. (5): Effect of gamma irradiation on the specific gravity of thyme, cumin and rosemary essential oil
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Fig.(6):Effect of gamma irradiation on the acid value of thyme, cumin and rosemary essential oil
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The previous data are in similar to Bousbia et al. (2009). Thus,

Abdelaleem (2008) mentioned that the specific gravity of irradiated

coriander essential oil increased non-significantly when irradiated with 2, 4,

and 8 kGy doses.

4.1.2.3. Acid Value:

Data in Table (1) and Figure (6) showed that the acid value increased

non-significantly in non-irradiated samples (0.91) compared to irradiated

samples at doses 2, 4 and 6 kGy (0.9, 1.1 and 1.2, respectively). Same results

were obtained by El-Hady (1982) who mentioned that the acid value of

irradiated geranium essential oil was increased gradually by increasing of

gamma irradiation.

4.1.3. Effect of gamma irradiation on some physiochemical properties of

thyme essential oil:

The physiochemical properties of thyme essential oil were determined in

both irradiated essential oil and non-irradiated essential oil.

4.1.3.1. Refractive Index:

Table (1) and Figure (4) revealed that the refractive index of irradiated

thyme essential oil and non-irradiated thyme essential oil was as follows;

1.4930, 1.4921, 1.4950 and 1.4950 in 0, 2, 4 and 6 kGy ,respectively. The

previous data was in the similar with those obtained from (Burdock, 2010).

There were no significant changes in refractive index in the irradiated

samples compared with non-irradiated samples. The obtained data are in

agreement with Fazakerley et al. (1961).

4.1.3.2. Specific Gravity:

The specific gravity of essential oil from irradiated thyme essential oil

was 0.923 in the control sample, at zero time, as shown in Table (1) and

Figure (5) this value was in accordance with the results reported by Stahl-

Biskup (2004) and Burdock (2010). However, the data in Table (1) and



77

Figure (5) indicated that the treatment of thyme essential oil with gamma

irradiation at 2, 4 and 6 kGy caused little changes in specific gravity.

4.1.3.3. Acid Value:

As shown in Table (1) and Figure (6) acid value was slightly increased

in all samples due to irradiation treatment. The data in Table (1) indicated

that acid value in control samples at zero time was 1.2. Acid values of

irradiated samples at doses 2, 4 and 6 kGy were as follow; 1.3, 1.3 and 1.24,
respectively.

4.2. Chemical composition of essential oil:

The variations in the composition of the essential oil could be due to

factors such as plant age, plant part, development stage, growing place,

harvesting period and principally by chemotype since they influence the

plant biosynthetic pathways and consequently the relative proportion of the

main characteristic compounds (Viuda-Martos et al., 2011). Thus, the

chemical constituents of cumin, rosemary and thyme essential oils were

fractionated and identified by gas chromatography and mass spectroscopy

technique (GC/MS).

4.2.1. Chemical composition of cumin essential oil:

Essential oil of cumin was extracted by steam distillation (SD),

fractionated and identified by Gas Chromatography and Mass Spectroscopy

(GC/MS) technique. The obtained data are tabulated in Table (2) and

illustrated by Figure (7). From these results, it could be indicated that there

are 19 compounds were isolated from cumin essential oil. Sixteen

components were identified and classified into tenth chemical categories

namely; aliphatic terpenes (0.68 %), monocyclic terpenes (20.6 %), bicyclic

terpenes (18.42 %), aliphatic terpene alcohols (1.6 %), cyclic terpene

alcohols (0.17 %), monoterpen phenol (0.15%), monoterpene cyclic

aldehydes (24.93 %), monoterpene aldehydes (25.43 %), aromatic

hydrocarbons (6.81%) and sequiterpene hydrocarbon (0.41%). These
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identified compounds accounted for 99.2 % of the composition of cumin

essential oil. The remaining portion 0.82% representing three unknown

constituents. These compounds are the similar with Vazin (2013).

The first chemical group in cumin essential oil was aliphatic terpenes

which consisted of one compound namely; β-myrcene (0.68%). This

compound was reported as a constituent of cumin essential oil by Pajohi et

al. (2011) who found that the amount of that compound was 1.1 % and also

Lucchesi et al. (2004b); Jirovetz et al. (2005); Allahghadri et al. (2010);
Bettaieb et al. (2011) and Sadeghi et al. (2012) reported β-myrcene as a

component of cumin essential oil.

The second recorded chemical group was monocyclic terpenes which

consisted of four compounds namely; α-thujene (0.26 %), sabinene (0.43 %),

α-terpinene (0.42 %) and γ-terpinene (19.49 %). These compounds were

reported as constituents of cumin essential oil according to Bettaieb et al.

(2011), Sadeghi et al. (2012) and Vazin (2013).

The third identified chemical group was bicyclic terpenes which consisted

of two compounds namely; α-pinene (0.98%) and β-pinene (17.44%). The

fourth chemical group was aliphatic alcohols consists of one compound

namely citranellol (1.6%). These results are agreed with Bettaieb et al.

(2011); Pajohi et al. (2011) and Sadeghi et al. (2012).

The fifth chemical group recorded and identified in cumin essential oil

was cyclic terpene alcohols which consists of one compound namely α-

terpineol (0.17%) the found result in this group are in agreement with

Allahghadri et al. (2010).

The seventh chemical group was aromatic hydrocarbons consists of two

constituents namely; o-Cymene (0.09%) and ρ-Cymene (6.72%).

The eighth chemical group was monoterpene aldehyde mainly has

cuminaldehyde (24.93%) classified as the predominant compound in cumin

essential oil. This compound was classified in Tunisian and Indian cumin

essential oil where, the percentage content of cuminaldehyde was 15.31%
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and 22.29%, respectively (Bettaieb et al., 2011). Also, Vazin (2013) found

that cuminaldehyde content was 26.49% in Iranian cumin.

The ninth identified chemical group was monoterpene aldehyde consists

of two compounds namely; α-Terpinene-7-al (10.55%) and γ-Terpinene-7-al

(14.88%). these compounds were also recorded by Pajohi et al. (2011) who

found the percentage of two constituents were 20.70% and 8.90%,

respectively.

Finally, the tenth chemical group was sesquiterpene hydrocarbon consists

of only one compound namely; β-Bisabolene (0.41%).

All the above mentioned data are in agreement with Masada (1980) and

Vazin (2013) who identified and classified β-pinene, ρ-cymene, γ-terpinene

and cuminaldehyde as main components of cumin essential oil.

4.2.2. Chemical composition of rosemary essential oil:

Essential oil of rosemary was extracted by steam distillation, fractionated and

identified by Gas Chromatography and Mass Spectroscopy technique. The

obtained data are tabulated in Table (3) and illustrated by Figure (8). From

these results, it could be indicated that there are 32 compounds were isolated

from rosemary essential oil. Twenty three components were identified and

classified into eleventh chemical categories namely; aliphatic terpenes (0.97

%), monocyclic terpenes (8.81 %), bicyclic terpenes (24.59 %), cyclic ether

monoterpene (33.2%), aliphatic alcohols (4.17 %), cyclic terpene alcohols

(3.39 %), cyclic terpene alcohol (14.5 %), bicyclic terpene ketone (2.25%),

aromatic hydrocarbons (0.63%), sequiterpene hydrocarbons (4.49%) and

oxygenated sesquiterpenes (0.09%). These identified compounds accounted

for 97.09 % of the composition of rosemary essential oil. The remaining

portion 2.91% is representing eight unknown constituents.
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Table (2): Chemical composition of cumin (Cuminum cyminum) essential
oils

Compounds Peak Number by Figure (7) %
Aliphatic terpenes
-Myrcene 5 0.68
Total  0.68
Monocyclic terpenes
-Thujene 1 0.26
Sabinene 3 0.43

-Terpinene 6 0.42

-Terpinene 9 19.49
Total 20.6
Bicyclic terpenes
-Pinene 2 0.98

-Pinene 4 17.44
Total 18.42
Aliphatic alcohols
Citranellol 11 1.6
Total 1.6
Cyclic terpene alcohols
α-Terpineol 10 0.17
Total 0.17
Monoterpene phenol
Carvacrol 13 0.15
Total 0.15
Aromatic hydrocarbons
o-Cymene 7 0.09
ρ-Cymene 8 6.72
Total 6.81
Monocyclic terpene aldehyde
Cuminaldehyde 12 24.93
Total 24.93
Monoterpenes  aldehyde
α-Terpinene-7-al 14 10.55
γ-Terpinene-7-al 15 14.88
Total 25.43
Sesquiterpene hydrocarbone
β-Bisabolene 16 0.41
Total 0.41
Total known 99.2
Total unknown 17, 18, 19 0.82
Total oxygenated compounds 52.82
Total non-oxygenated compounds 46.92
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Fig.(7):Chromatographic profile of the essential oil cumin

56

7 5
6

7

81



82

The first chemical group in rosemary essential oil was aliphatic terpenes

which consisted of one compound namely; β-myrcene (0.97%). This

compound was reported as a constituent of rosemary essential oil by

Giordani et al. (2004) who found that the amount of that compound was

1.01 % and also Kubeczka (2002) reported β-myrcene as a component of

rosemary essential oil.

The second recorded chemical group was monocyclic terpenes which

consisted of six compounds namely; sabinene (0.92 %), α-terpinene (0.53

%), limonene (5.93%), γ-terpinene (0.27%), α-terpinolene (0.12%) and

pinocarvone (1.04%). These compounds were reported as constituents of

rosemary essential oil according to Szumny et al. (2010), Sui et al. (2012),

Jordán et al. (2013), Teixeira et al. (2013) and Yosr et al. (2013).

The third identified chemical group was bicyclic terpenes which consisted

of four compounds namely; α-pinene (17.1%), camphene (6.35%), β-pinene

(0.92%) and Δ-3-Carene (0.22%). The fourth identified chemical group was

cyclic ether monoterpene consists of only one compound 1,8-cineol (33.2%)

classified as the predominant component of rosemary essential oil. Giordani

et al. (2004) mentioned that the content of 1,8-cineol was 24.36%.

The fifth chemical group was aliphatic alcohols consists of two compound

namely linalool (1.38%) and geraniol (2.79%). These results are agreed with

Bousiba et al. (2009) and Usai et al. (2011).

The sixth chemical group recorded and identified in rosemary essential oil

was cyclic terpene alcohols which consists of two compounds namely

borneol (0.48%) and α-terpineol (2.91%) the found result in this group are in

agreement with Dimitrijević et al. (2007).

The seventh chemical group was consists of one constituents namely;

camphor (14.5%). Dimitrijević et al. (2007) mentioned that the camphor

content was (10.08%) while, the content was 7.82%, 14.5% and 21.8% in

Bousbia et al. (2009), Yosr et al. (2013) and Machado et al. (2013).
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Table (3): Chemical composition of rosemary (Rosmarinus officinalis)
essential oils

Compounds Peak Number by Figure (8) %
Aliphatic terpenes
-Myrcene 5 0.97
Total  0.97
Monocyclic terpenes
Sabinene 3 0.92

-Terpinene 8 0.53
Limonene 9 5.93

-Terpinene 11 0.27

-Terpinolene 12 0.12
Pinocarvone 15 1.04
Total 8.81
Bicyclic terpenes
-Pinene 1 17.1
Camphene 2 6.35

-Pinene 4 0.92
Δ-3-Carene 6 0.22
Total 24.59
Cyclic ether monoterpene
1,8-Cineole 10 33.2
Total 33.2
Aliphatic alcohols
Linalool 13 1.38
Geraniol 19 2.79
Total 4.17
Cyclic terpene alcohols
Borneol 16 0.48
α-Terpineol 17 2.91
Total 3.39
Cyclic terpene ketone
Camphor 14 14.5
Total 14.5
Bicycylic ketone terpene
Verbenone 18 2.25
Total 2.25
Aromatic hydrocarbons
o-Cymene 7 0.63
Total 0.63
Sesquiterpene hydrocarbons
Caryophyllene 23 0.07
α-Humulene 24 3.76
γ-Curcumene 26 0.49
β-Sesquiphellandrene 29 0.17
Total 4.49
Oxygenated sesquiterpene
Caryophyllene oxide 32 0.09
Total 0.09
Total known 97.09
Total unknown 2.91
Total oxygenated compounds 20, 21, 22, 25, 27, 28, 30, 31 58.63
Total non-oxygenated compounds 38.50



84

Fig. (8): Chromatographic profile of the essential oil rosemary
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The eighth and the ninth chemical groups were consists of verbenone

(2.25%) and o-cymene (0.63%), respectively. The obtained results are in

agreement with Dimitrijević et al. (2007) who found that verbenone was

1.86% and o-cymene was 0.59%.

The tenth identified chemical group was sesquiterpene hydrocarbons

consists of four compounds namely; caryophyllene (0.07%) α-Humulene

(3.76%), γ-Curcumene (0.49%) and β-Sesquiphellandrene (0.17%). these

compounds were also recorded by Bousbia et al. (2009).

Finally, the eleventh chemical group was oxygenated sesquiterpene

consists of only one compound namely; Caryophyllene oxide (0.09%).

All the above mentioned data are in agreement with Kubeczka (2002)

and Yosr et al. (2013) who identified and classified α-pinene, champor,

camphene and 1,8-cineol as main components of rosemary essential oil.

4.2.3. Chemical composition of thyme essential oil:

Thyme essential oil was extracted and then identified by GC/MS

technique. The obtained data are tabulated in Table (4) and illustrated by

Figure (9). The results indicated that there are 23 compounds were isolated

from thyme essential oil. All isolated components were identified and

classified into ninth chemical categories namely; aliphatic terpenes (5.18 %),

monocyclic terpenes (18.61 %), bicyclic terpenes (3.51 %), aliphatic

alcohols (1.22 %), cyclic terpene alcohols (1.53 %), monoterpene phenol

ester (0.56%), monoterpene phenol (34.86%), aromatic hydrocarbons

(33.6%) and sequiterpene hydrocarbons (0.93%).

The first chemical group in rosemary essential oil was aliphatic terpenes

which consisted of two compounds namely; β-myrcene (2%) and β-ocimene

(3.18%). These compounds were reported as constituents of thyme essential

oil by Usai et al. (2011) and Hussain et al. (2013).
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Table (4): Chemical composition of thyme (Thymus vulgaris) essential oils
Compounds Peak Number by Figure (9) %
Aliphatic terpenes
-Myrcene 5 2

-Ocimene 11 3.18
Total  5.18
Monocyclic terpenes
α-Thujene 1 2.52

-Terpinene 8 0.17
Limonene 9 2.06

-Terpinene 12 13.1
α-Phellandrene 6 0.76
Total 18.61
Bicyclic terpenes
-Pinene 2 1.92
Camphene 3 0.76

-Pinene 4 0.5
Δ-3-Carene 7 0.33
Total 3.51
Aliphatic alcohols
Linalool 13 0.87
Geraniol 17 0.35
Total 1.22
Cyclic terpene alcohols
Borneol 14 0.29
α-Terpineol 15 1.24
Total 1.53
Monoterpene phenol ester
Carvcrol Methyl Ester 16 0.56
Total 0.56
Monoterpene phenol
Thymol 18 31.7

Carvacrol 19 3.16

Total 34.86
Aromatic hydrocarbons
ρ-Cymene 10 33.6
Total 33.6
Sesquiterpene hydrocarbons
γ-Muurolene 20 0.13
α-Muurolene 21 0.19
γ-Cadinene 22 0.28
δ-Cadinene 23 0.33
Total 0.93
Total known 100
Total unknown 0
Total oxygenated compounds 38.5
Total non-oxygenated compounds 61.5
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Fig.(9):Chromatographic profile of the essential oil thyme
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The second recorded chemical group was monocyclic terpenes which

consisted of five compounds namely; α-thujene (2.52%), α-terpinene

(0.17%), limonene (2.06%), γ-terpinene (13.1%) and α-phellandrene

(0.76%). These compounds were reported as constituents of thyme essential

oil according to Giordani et al. (2004), Dimitrijević et al. (2007) and

Hussain et al. (2013).

The third identified chemical group was bicyclic terpenes which consisted

of four compounds namely; α-pinene (1.92%), camphene (0.76%), β-pinene

(0.5%) and Δ-3-carene (0.33%). The fourth chemical group was aliphatic

alcohols consists of two compound namely linalool (0.87%) and geraniol

(0.35%). The fifth chemical group identified in thyme essential oil was cyclic

terpene alcohols which consists of two compounds namely borneol (0.29%)

and α-terpineol (1.24%). These results are agreed with Dimitrijević et al.

(2007).

The sixth chemical group was monoterpene phenol ester consists of only

one compound namely; carvacrol methyl ester (0.56%).

The seventh chemical group was monoterpene phenol mainly consists of

two constituents namely; thymol (31.7%) and carvacrol (3.16%). These

compounds are the main constituents in thyme essential oil as mentioned by

Giordani et al. (2004) and Usai et al. (2011).

The eighth chemical group were aromatic hydrocarbon consists of ρ-

cymene (33.6%). The obtained results are in agreement with Usai et al.

(2011) who found that ρ-cymene was 21.63%.

Finally, the ninth identified chemical group was sesquiterpene

hydrocarbons consists of four compounds namely; γ-Muurolene (0.13%) α-

Muurolene (0.19%), γ-Cadinene (0.28%) and δ-Cadinene (0.33%). these

compounds were also recorded by Giordani et al. (2004).
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All the above mentioned data are agreed with Kubeczka (2002), Hussain

et al. (2013) and Teixeira et al. (2013) who identified and classified thymol,

carvacrol and ρ-Cymene as main components of thyme essential oil.

4.3. Antimicrobial activity of essential oils (in vitro):

Secondary metabolites produced by plants constitute a source of

bioactive substances. Nowadays the scientific interest on these metabolites

has increased due to the search for new drugs from plant origin. In addition,

the antimicrobial activity of plant volatile oils and extracts has been

recognized for many years. However, few investigations have compared

large numbers of volatile oils and extracts using methods that are directly

comparable.

In the present study, the technique used to determine the inhibitory

properties of the thyme, cumin and rosemary essential oils were Well-

Diffusion System that system was different from the paper disc method;

which involved soaking discs with herb extracts and placing them on the

surface of agar seeded with microorganisms. This technique (paper disk)

does not always allow an accurate determination of the volume of oil added

and although the disc was applied to the agar surface, the extract would have

diffused in three dimensions, giving a hemispherical zone difficult to

measure accurately (Deans and Ritchie, 1987).

In this study, these problems were largely overcome by punching holes

through the agar, creating wells into which measured volumes (30, 50 and 70

μl) of the plant volatile oils were placed. This ensured that radial diffusion
from the well gave a clean and easily measured zone of inhibition (Bennett

et al., 1966).
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4.3.1. Antibacterial activity of essential oils:

4.3.1.1. Preliminary experiment to assess recommended doses for

antibacterial:

A preliminary experiment was set to evaluate the approximate irradiation

doses that make the highest antimicrobial activity of irradiated essential oils

against selected bacterial strains. Ascending gamma irradiation doses were

chosen ranking from 1 to 10 kGy.

As a point of view, regarding to the effect of gamma irradiation on the

chemical functional group as mentioned by Fazakerley et al., 1961 and Seo

et al., 2007, the effect of irradiation at different doses represented irregular

changes in the inhibition zones which refers to the antibacterial activity of

irradiated essential oil.

However, Seo et al., 2007 mentioned that the effect of gamma irradiation

on the chemical functional group of Angelica gigas essential oil possess to be

irregular due ascending order doses from 1 kGy to 10 kGy .

4.3.1.1.1. Preliminary experiment for thyme essential oil:

The effect of irradiation doses on the antibacterial activity of irradiated

thyme essential oil was studied. The obtained data shown in Table (5)

represented that irradiation doses make irregular significant differences

between values. Where, the inhibition zone in the control sample in

Escherichia coli was 30.33 mm, the largest inhibition zone was 42 mm at

irradiation dose 4 kGy. On the other hand, the largest inhibition zone

illustrated in S. typhimurium, B. cereus and S. aureus were 26.5 mm, 29 mm

and 39 mm at doses 0, 1 and 4 kGy, respectively.

As a point of view, irregular differences in inhibition zones as shown by

Figure (10) appeared due to gamma irradiation, happened because each

essential oil has many complicated chemical components. The essential oils
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are composed of hydrocarbons (terpene derivatives) or terpenes (e.g., α-

terpinene, α-pinene, camphene, limonene, myrcene, and sabinene),

oxygenated derivatives of hydrocarbons (e.g., linalool, citronellol, geraniol,

carveol , thymol, borneol, fenchone, tumerone, and nerol), benzene

compounds (alcohols, acids, phenols, esters, and lactones) and nitrogen- or

sulfur-containing compounds (indole, hydrogen sulfide, methyl propyl

disulfide, and sinapine hydrogen sulfate) (Raghavan, 2007).

However, the effect of irradiation process could be result from chemical

modification of terpenes including the oxidative effect; this effect of

irradiation process was degreed according to the content of terpenes and

other hydrocarbons in the essential oil.

On the olfactory evidence, the order of resistance to irradiation was

aldehydes > alcohols > ester > hydrocarbon > phenol (Fazakerley et al.,

1961).

On the other hand, Juven et al. (1994) examined the working of thymol

against Salmonella typhimurium and Staphylococcus aureus and

hypothesised that thymol binds to membrane proteins hydrophobically and

by means of hydrogen bonding, thereby changing the permeability

characteristics of the membrane.

Thymol was found to be more inhibitive at pH 5.5 than 6.5. At low pH

the thymol molecule would be undissociated and therefore more

hydrophobic, and so may bind better to the hydrophobic areas of proteins and

dissolve better in the lipid phase (Juven et al., 1994).
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Table (5): Effect of treatments of thyme essential oil with different
irradiation doses on the bacterial inhibition zone (mm)

Irradiation
dose

(kGy)

Inhibition Zone (mm)

Escherichia

coli

Salmonella

typhimurium

Bacillus

cereus

Staphylococcus

aureus

0 30.33E ± 0.882 26.50AB ± 0.288 24.50C ± 0.388 32.5CD ± 1.443

1 39.50AB ± 1.041 26.00AB ± 0.577 29.00A ± 0.577 29.5D ± 0.288

2 39.00AB ± 0.577 20.50B ± 0.288 29.00A ± 0.577 36.00BC ± 1.527

3 37.00BCD ± 0.577 22.00 B ± 0.577 27.00A ± 0.577 41.5A ± 0.288

4 42.00A ± 1.154 25.00AB ± 0.882 23.00BC ± 0.577 39.00AB ± 0.577

5 42.00A ± 1.154 23.50AB ± 0.288 20.00C ± 1.154 37.67ABC ± 1.856

6 40.00AB ± 1.154 25.50AB ± 0.288 21.00BC ± 0.577 39.00AB ± 0.577

7 36.00CD ± 1.154 22.50AB ± 1.041 19.50C ± 0.288 42.00A ± 0.577

8 35.00D ± 0.577 26.00AB ± 5.033 20.00C ± 0.577 38.00AB ± 4.509

9 35.00D ± 0.577 23.00AB ± 0.577 19.00C ± 0.577 38.00AB ± 1.154

10 38.00BC ± 1.154 28.33A ± 0.882 23.00B ± 1.527 36.5ABC ± 0.288

Each value represents the mean  S.E.;

The mean value with different superscript alphabets in the same column indicate

significant differences (P0.05) using LSD test.
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Fig.(10):Effect of treatments of thyme essential oil at different irradiation doses on the bacterial inhibition zone

(mm)
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4.3.1.1.2. Preliminary experiment for cumin essential oil:

Cumin essential oil was irradiated at doses from 1 to 10 kGy. Then, the

inhibition zone of irradiated essential oils was measured and data tabulated in

Table (6). The highest inhibition zone observed at dose 2 kGy in E. coli and

B. cereus. While, the highest inhibition zone appeared at dose 4 kGy in S.

typhimiurium and S. aureus. From the obtained data it could be noticed that

irradiation doses that has the better antimicrobial properties against selected

bacterial strains were 2 and 4 kGy. The same reason of irregular changes in

inhibition zones observed due to various chemical components in the

structure of essential oil (Raghavan, 2007). Thus, the changes might be

related to gamma irradiation (Fazakerley et al., 1961).

As shown by Figure (11) it could be noticed that irradiation doses

decreased the antibacterial activity of cumin essential oil against S.

typhimurium and B. cereus. In case of S. typhimurium as gram-negative

bacteria; the essential oils had been ascribed to their hydrophilic outer

membrane which can block the penetration of hydrophobic compounds into

target cell membrane (Bouhdid et al. 2008).

On the other hand, S. aureus - one of the gram negative bacteria - had the

highest inhibition zone in irradiated essential oil at dose 4 kGy compared to

non-irradiated. Where, the inhibition zone was 29 mm at dose 4 kGy and 20

mm in non-irradiated essential oil. The reason might be due to the essential

oil of cumin contain cumin aldehyde, gamma-terpinene and beta-pinene (as

main components) have severe antibacterial activity against Gram-positive

and Gram-negative bacteria (Iacobellis et al. 2005).
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Table (6): Effect of treatments of cumin essential oil at different irradiation

doses on the bacterial inhibition zone (mm)

Irradiation
dose

(kGy)

Inhibition Zone (mm)

Escherichia

coli

Salmonella

typhimurium

Bacillus

cereus

Staphylococcus

aureus

0 18.50D ± 0.288 13.00A ± 0.577 14.00A ± 0.288 20.00B ± 6.245

1 29.00A ± 0.577 9.00DEF ± 0.577 9.50A ± 1.041 21.50AB ± 0.288

2 30.00A ± 0.577 8.50EF ± 0.288 14.50A ± 0.577 26.50AB ± 0.288

3 25.00B ± 0.577 10.50CD ± 0.288 11.33A ± 1.855 29.00A ± 0.577

4 23.00BC ± 0.577 12.50AB ± 0.866 10.50A ± 0.907 29.00A ± 0.577

5 24.00BC ± 0.577 11.00 BC ± 0.577 11.00A ± 1.527 25.00AB ± 4.041

6 22.50C ± 0.288 8.50EF ± 0.288 11.00A ± 0.577 27.00AB ± 1.527

7 23.50BC ± 0.763 10.50CD ± 0.288 11.50A ± 0.288 25.50AB ± 0.288

8 20.00D ± 0.577 10.00 CDE ± 0.577 11.50A ± 0.288 28.00AB ± 0.577

9 24.00BC ± 1.154 7.50F ± 0.288 11.00A ± 0.577 23.50AB ± 0.288

10 23.00BC ± 0.577 9.00DEF ± 0.577 9.80A ± 0.416 26.00AB ± 0.577

Each value represents the mean  S.E.;

The mean value with different superscript alphabets in the same column indicate

significant differences (P0.05) using LSD test.
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Fig. (11): Effect of treatments of cumin essential oil at different irradiation doses on the bacterial inhibition zone (mm)
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The mechanisms by which essential oils can inhibit microorganisms have

different reasons, and in some part may be due to their hydrophobicity. In

this connection, the penetration of the oils into the lipid bilayer of the cell

membrane makes the cells more permeable, leading to leakage of vital cell

contents (Kim et al., 1995 and Burt, 2004). Moreover, the antimicrobial

activity of essential oils may be due to the presence of synergy between the

major components and other constituents of the oils leading to various

degrees of antimicrobial activity (Bouhdid et al. 2008).

4.3.1.1.3. Preliminary experiment for rosemary essential oil:

From Table (7) and Figure (12). it could be found that the inhibition

zones in the four bacterial strains were smaller than that in cumin and  thyme

essential oil, especially in B. cereus and S. typhimurium. The same results

achieved by Bousbia et al. (2009) who studied the antimicrobial activity of

rosemary essential oil. Where, the obtained inhibition zones were 12.5 mm in

Staphylococcus aureus and 15.5 mm in Escherichia coli. Irradiation doses

made some changes in the inhibition zone compared to control one. But that

changes represented slight decrease in the inhibition zone in irradiated

samples compared to non-irradiated samples.

Rosemary essential oil possesses to be the lowest antibacterial activity in

essential oils under study.

Regarding to the data tabulated in Table (37) the content of α-pinene is

decreased from 17.1% in non-irradiated rosemary essential oil to 13.33% in

irradiated rosemary essential oil at 6 kGy, that finding might be the

responsible for the decrease of inhibition zone in irradiated essential oil

specially in case of S. typhimiurium. The obtained finding is in agreement

with Jordán et al. (2013) who, found that the high proportion of α-pinene

increases the effectiveness of the oil against S. typhimiurium, while the

presence of eucalyptol (1,8-cineol), as the most abundant compound,

considerably decreases the efficiency of rosemary oil. Furthermore, Ojeda-
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Sana et al. (2013) explained that the α-pinene and 1,8-cineol exhibited board

antibacterial spectrum against gram negative bacteria by inducing cell

membrane disruption.

That data in the similar with Fatemi et al. (2011) who found that γ-

irradiation of caraway seeds could not affect the antibacterial activity of its

essential oils but it was indicated that the inhibition zones of the oil extracted

from irradiated caraway were slightly different from the control group, but

these changes were not significant (P > 0.05). Therefore, the antibacterial

activity of essential oils of caraway seeds could not be significantly changed

even after exposing to the gamma irradiation up to 25 kGy.

4.3.2. Antifungal activity of essential oils:

4.3.2.1. Preliminary experiment to assess recommended doses for

antifungal:

As shown by Figure (13) both non-irradiated and irradiated cumin and

thyme essential oil showed no inhibition zones at concentrations 30, 50 and

70 µl/well in all plats from 0 kGy up to 10 kGy. The inhibition zones were

90 mm in all plates (plate diameter). Thus, both cumin and thyme essential

oil either irradiated or non-irradiated represent a great antifungal activity

especially on the growth of Aspergillus flavus at all used concentrations (30,

50 and 70 µl). This finding might be related to the phenolic content of thyme

essential oil and the aldehyde content of cumin essential oil, these

compounds classified as oxygenated compounds which represent the great

antimicrobial activity.

The obtained data are in the line with (Zuzarte et al., 2013) who

mentioned that the antifungal activity of the oil was probably due to the

activity of minor compounds or related with a synergistic effect between

different compounds present in the oil since the main compounds tested

alone showed low antifungal activity. Thymus oil was more active against all

the tested strains, being the activity related to the phenolic nature of its main
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Table (7): Effect of treatments of rosemary essential oil at different

irradiation doses on the bacterial inhibition zone (mm)

Irradiation

dose

(kGy)

Inhibition Zone (mm)

Escherichia

coli

Salmonella

typhimurium

Bacillus

cereus

Staphylococcus

aureus

0 15.33ABC ± 0.577 6.50BC ± 0.577 7.50C ± 0.288 17.57ABC ± 0.288

1 10.50CD ± 0.288 6.00BC ± 0.577 7.50C ± 0.288 15.00BCD ± 0.577

2 14.50BCD ± 1.041 7.50A ± 0.288 7.50C ± 0.288 17.00ABC ± 1.732

3 16.00ABC ± 0.577 5.50C ± 0.288 10.50A ± 0.288 14.00CD ± 1.732

4 17.00AB ± 1.527 4.66CD ± 0.882 8.33BC ± 0.882 16.50ABCD ± 0.288

5 14.50BCD ± 0.288 5.50C ± 0.288 5.50D ± 0.288 18.50AB ± 0.866

6 21.50A ± 0.288 7.00AB ± 0.577 8.50BC ± 0.866 19.00AB ± 0.577

7 20.00AB ± 1.154 2.50E ± 0.288 8.50BC ± 0.288 12.00 D ± 0.577

8 20.10AB ± 1.595 3.50DE ± 0.288 8.00BC ± 0.577 17.50ABC ± 0.288

9 19.50AB ± 1.041 6.00BC ± 0.577 9.50AB ± 0.288 18.50AB ± 0.288

10 19.50AB ± 6.007 6.00BC ± 0.577 8.50BC ± 0.866 19.50AB ± 0.288

Each value represents the mean  S.E.;

The mean value with different superscript alphabets in the same column indicate

significant differences (P0.05) using LSD test.
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Fig. (12): Effect of treatments of rosemary essential oil at different irradiation doses on the bacterial inhibition

zone (mm)
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compounds (carvacrol and thymol). Meanwhile, Tyagi and Anushree

(2011) found that the growth of A. flavus was completely inhibited at 60 µl

essential oil vapour indicating a higher fungicidal action by the Eucalyptus

globulus oil used. Furthermore, cumin essential oil showed high antifungal

activity against various pathogenic fungi (Rahman et al., 2000).

The essential oil of T. vulgaris inhibits both mycelial growth and

aflatoxin synthesis by Aspergilhs parasiticus (Tantaoui-Elaraki and

Beraoud, 1994) at only 0.1 per cent in the medium. Therefore it is used as a

preservative in agriculture, completely inhibiting aflatoxin production on

lentil seeds up to eight weeks of incubation (El-Maraghy, 1995). In

addition, the essential oil of T. vulgaris exerts a protective effect in corn

against Aspergillus flavus, without producing phytotoxic effects on

germination or corn growth (Montes and Carvajal, 1998).

On the same trend, the results are in accordance with (Prakash et al.,

2013) who found that the Cinnamomum glaucescens essential oil also

showed a broad fungitoxic spectrum inhibiting almost all the tested food

borne fungi such as (A. flavus, A. niger, A. fumigatus and A. terreus)

strengthening complete protection of the treated food commodities from

fungal contamination.

The antifungal action of plant essential oils has been supposed to be

because of their lipophilic nature; causing disruption of plasma membrane

and negatively affecting the cellular constituents responsible for vital

functioning of cell as has been supported by the transmission electron

microscopy studies on essential oil treated Aspergillus flavus culture by

Nogueira et al. (2010) and Tian et al. (2012).

Several studies have shown that thyme oils possess antibacterial and

antifungal activities, those of the phenol type being the most active (Rasooli

and Abyanech, 2004; Giordani et al., 2004; Pinto et al., 2006 and

Marzouk et al., 2009).
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On the other hand, the agar plates contain Aspergillus flavus treated with

non-irradiated rosemary essential oil showed delaying in the spore forming,

and the mycelia growth was appeared in the range of 40 mm (inhibition

zone). These obtained results might be related to the chemical composition

of rosemary essential oil which has 1,8-cineol as a predominant compound as

shown in Table (39).

The previous data are in agreement with Vilela et al. (2009) and Tyagi

and Anushree (2011) who reported that although 1,8-cineole was the major

component (86.0%) in Eucalyptus globulus essential oil, it demonstrated

very poor fungicidal activity against A. flavus and A. parasiticus in both

contact and headspace volatile exposure assays.

Data in Figure (13) showed that the inhibition zones were increased

related to irradiation doses. Where, the inhibition zone of rosemary essential

oil was 40, 35, 35 and 30mm at doses 0, 1, 2 and 3kGy and it was 90 mm

(full inhibition) in all plates from 4 kGy up to 10 kGy.

As a point of view, rosemary essential oil showed various changes after

irradiation treatment might be the reason of the complete inhibition in all

plates after 3 kGy. For example, irradiation dose 6 kGy represent an increase

in the content of limonene and camphor from 5.93% to 15.37% in limonene

and from 14.5% to 29.74% Table (39). Velázquez-Nuñez et al. (2013)

mentioned that limonene represented 96.62% in orange peel, the growth of

Aspergillus flavus decreased when the essential oil, which contains limonene,

is increased. As far as non-phenolic components of essential oils are

concerned, the type of alkyl group has been found to influence activity

(alkenyl > alkyl). For example, limonene (1-methyl-4-(1-methylethenyl)

cyclohexene) is more active in the antimicrobial activity than ρ-cymene

(Dorman and Deans, 2000).
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Fig.(13):Effect of different irradiation doses on the inhibition zones (mm) of cumin, rosemary and thyme essential
oil againstAspergillus flavus
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4.3.3. Effect of antibacterial recommended doses on bacterial strains

growth:

The preliminary experimental of all irradiated essential oils were

recommended that the final dose of irradiated cumin essential oil was 2 and 4

kGy while, the selected dose of irradiated rosemary and thyme was 6 kGy

and 4 kGy.

Antimicrobial potential of the thyme, cumin and rosemary essential oils

were also observed in terms of the zone of inhibition generated by the well-

diffusion of the essential oil components into the agar plate. The zone of

inhibition increased with the increasing concentration (30, 50 and 70 µl) of

all essential oils under investigation in each well Table (8).

The obtained finding is in the line with (Viuda-Martos et al., 2008 and

Tyagi and Anushree, 2011) who found that the inhibition zones were

increased related to the increase of the essential oil concentrations.

4.3.3.1. Effect of thyme essential oil on growth inhibition of bacterial

strains:

As shown in Table (8) and Figures (14 and 15) the inhibition zones of

non-irradiated thyme essential oil were 19.50, 24 and 30.33 mm in the

concentrations 30, 50 and 70 µl, respectively. While, it was 21, 21.50 and 42

mm in irradiated thyme essential oil at the same concentrations, in the case

of Escherichia coli. The data are agreed with Schelz et al. (2006) who found

that the inhibition zone was 26 mm.

On the other hand, in case of Salmonella typhimurium the obtained

inhibition zones in both irradiated and non-irradiated thyme essential oil

were 24, 24.33 and 25 mm and 20.50, 25 and 26.50 mm in the concentrations

30, 50 and 70 µl, respectively. The obtained data are similar to the obtained
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Table (8): Effect of different essential oils in different concentrations (µl) on the inhibition zone (mm) of different bacterial strains

Conc.
(µl)

Salmonella typhimurium Staphylococcus aureus Escherichia coli Bacillus cereus

Irradiation doses (kGy)

0 2 4 6 0 2 4 6 0 2 4 6 0 2 4 6

T
hy

m
e

es
se

nt
ia

l o
il

30 20.50B

± 0.288
-- 24.00AB

± 1.527
-- 17.50C

± 1.443
-- 13.50C

± 3.752
-- 19.50E

± 0.288
-- 21.00D

± 0.577
-- 19.50C

± 0.288
-- 19.50C

± 0.288
--

50 25.00A

± 2.887
-- 24.33AB

± 0.882
-- 29.00B

± 0.577
-- 31.00B

± 1.527
-- 24.00C

± 0.577
-- 21.50D

± 0.288
-- 20.50BC

± 0.288
-- 21.00C

± 0.577
--

70 26.50A

± 0.866
-- 25.00AB

± 1.155
-- 32.50AB

± 1.443
-- 39.00A

± 0.577
-- 30.33B

± 0.882
-- 42.00A

± 0.577
-- 24.50A

± 0.866
-- 23.00AB

± 1.732
--

C
um

in
es

se
nt

ia
l o

il

30 6.5CD

± 0.288
5.5D

± 0.288
8.5BC

± 1.443
-- 4.00C

± 0.577
5.50C

± 0.288
4.67C

± 0.882
-- 10.00E

± 1.150
09.50E

± 0.288
13.50D

± 0.866
-- 11.50ABC

± 0.288
10.0BC

± 2.516
8.00C

± 0.577
--

50 11.0AB

± 0.577
5.5D

± 1.443
11.5A

± 0.288
-- 8.50C

± 0.866
6.00C

± 0.577
5.50C

± 0.288
-- 13.00D

± 0.577
17.50C

± 1.440
14.50D

± 0.288
-- 12.00ABC

± 1.155
11.0ABC

± 0.577
10.30B

± 1.422
--

70 13.0A

± 0.577
8.5BC

± 1.041
12.5A

± 0.866
-- 20.00B

± 6.245
26.50A

± 0.288
29.00A

± 0.577
-- 18.50C

± 0.288
30.00A

± 0.577
23.00B

± 0.577
-- 14.00AB

± 1.154
14.5A

± 0.288
10.50BC

± 0.866
--

105
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Table (8): Continued

R
os

em
ar

y 
es

se
nt

ia
l o

il

30 2.50B

±0.288
-- -- 3.50B

±0.288
2.50B

± 0.288
-- -- 3.00B

±0.577
5.00C

± 2.645
-- -- 9.00BC

±0.577
7.50B

±0.288
-- -- 7.50B

±0.288

50 2.50B

±0.288
-- -- 7.00A

±0.577
15.50A

± 0.288
-- -- 13.50A

±0.288
9.50BC

± 0.288
-- -- 17.00A

±0.577
8.50B

±0.288
-- -- 8.50B

±0.866

70 6.50A

±1.443
-- -- 7.00A

±0.577
17.57A

±4.881
-- -- 19.00A

±0.577
15.33AB

± 2.848
-- -- 21.50A

±0.288
7.50B

±0.288
-- -- 8.50B

±0.288

Conc. = concentration of essential oil (µl),
Each value (Area under both irradiation doses from 0kGy to 6kGy and concentration from 30µl to 70 µl) represents the mean  S.E.,
The mean value with different superscript alphabets in the same area indicate significant differences (P0.05) using LSD test,
-- = Not determined
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TE = Thyme essential oil against E. coli, Tm = Thyme essential oil against
S. typhimurium, TS = Thyme essential oil against S. aureus, Tu = Thyme
essential oil against B. cereus

(TE)

(Tm)

(TS)

(Tu)

Fig. (14): Effect of irradiated thyme essential oil (4kGy) and non-irradiated
thyme essential oil on growth inhibition of various bacterial strains
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Fig. (15): Antimicrobial potential of both non-irradiated and irradiated thyme essential oils at different concentrations
on the bacterial inhibition zone in mm
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by Teixeira et al. (2013) who found that the inhibition zone of Spain thyme

essential oil was 57 mm.

The inhibition zones in case of Staphylococcus aureus were 17.50, 29 and

32 mm in non-irradiated thyme essential oil at concentrations 30, 50 and 70

µl, respectively. While, it was 13.50, 31 and 39 mm in irradiated thyme

essential oil at the same concentration.

In case of Bacillus cereus the inhibition zones were in both non-irradiated

and irradiated essential oil 19.50, 20.50 and 24.50 mm and 19.50, 21 and 23

at concentrations 30, 50 and 70 µl, respectively.

The obtained results are defined that the thyme essential oil either

irradiated or non-irradiated had strong antimicrobial activity as mentioned by

Ait-Ouazzou et al. (2011) who reported that the inhibition zone of essential

oil which had strong activity was ≥ 20 mm while, the moderate activity was
in inhibition zone < 20 to 12 mm and no inhibition zone was ≤ 12 mm.
Regarding to that reporting all concentrations of thyme essential oil either

irradiated or non-irradiated had strong activity against selected bacterial

strains except at concentration 30 µl in both irradiated and non-irradiated.

The mode of action of the antimicrobial activity of thyme essential oil is

related to its component. Meanwhile, thymol and carvacrol (the predominate

compounds of thyme essential oil) are able to disintegrate the outer

membrane of gram-negative bacteria, releasing lipopolysaccharides (LPS)

and increasing the permeability of the cytoplasmic membrane to ATP. The

presence of magnesium chloride has been shown to have no influence on this

action, suggesting a mechanism other than chelation of cations in the outer

membrane (Helander et al., 1998).
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4.3.3.2. Effect of cumin essential oil on growth inhibition of bacterial

strains:

The data tabulated in Table (8) and illustrated by Figures (16 and 17)

showed that, in case of Escherichia coli, the inhibition zones of non-

irradiated cumin essential oil were 10, 13 and 18.50 mm at concentrations

30, 50 and 70 µl, respectively.

As classified by Ait-Ouazzou et al. (2011) the concentrations of 50 and

70 µl tends to be a moderate activity while, the concentration 30 µl

represents no inhibition. On the hand, irradiated cumin essential oil at doses

2 and 4 kGy showed that the inhibition zones at concentrations 30, 50 and 70

µl were as follow; 9.5, 17.5, 13.5, 14.5 and 23, respectively. Except for 70 µl
that had a strong activity against selected bacteria, all concentrations showed

moderate activity. Our results come to agreement with previous observations

with Singh et al. (2005) who found that cumin essential oil has no inhibition

on the gram negative bacteria such as Escherichia coli, Pseudomonas

aeruginosa and Salmonella typhimurium at concentration 6 µl. Furthermore;

Hajlaoui et al. (2010) mentioned that the inhibition zone of Tunisian cumin

essential oil was 12mm at concentration 10 µl.

In case of Salmonella typhimurium the obtained inhibition zones in all

concentrations and selected doses represented no inhibition (below 12 mm)

but the concentration 70 µl in non-irradiated and irradiated with 4 kGy

showed slight moderate activity. Those results are completely agreed with

Singh et al. (2005) and Hajlaoui et al. (2010) at concentration 6 and 10 µl,

respectively.

The inhibition zones in case of Staphylococcus aureus were 4, 8.5 and 20

mm in non-irradiated cumin essential oil at concentrations 30, 50 and 70 µl,

respectively. While, it was 5.5, 6 and 26.5 mm in irradiated cumin
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CE = Cumin essential oil against E. coli, Cm = Cumin essential oil against S.
typhimurium, CS = Cumin essential oil against S. aureus, Cu = Cumin essential oil
against B. cereus

Fig. (16): Effect of irradiated cumin essential oil (2 and 4kGy) and non-
irradiated cumin essential oil on growth inhibition of various
bacterial strains
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Fig. (17): Antimicrobial potential of both non-irradiated and irradiated cumin essential oils at different concentrations
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essential oil at dose 2kGy while, it was 4.67, 5.50 and 29 mm at dose 4 kGy,

at the same concentration. However, the concentrations of 30 and 50 µl

represent no inhibition while, the concentration 70 µl showed strong activity.

The results are agreed with Hajlaoui et al. (2010) who found the inhibition

was 10 mm.

In case of Bacillus cereus the inhibition zones in irradiated essential oil at

2 and 4 kGy were 10, 11 and 14.50 mm and 8, 10.3 and 10.5 at

concentrations 30, 50 and 70 µl, respectively. While, non-irradiated essential

oil represents 11.5, 12 and 14 mm.

4.3.3.3. Effect of rosemary essential oil on growth inhibition of bacterial

strains:

Results tabulated in Table (8) and illustrated by Figures (18 and 19)

showed the inhibition zones of rosemary essential either irradiated or non-

irradiated. Thus, the data revealed that, in case of Escherichia coli the

inhibition zones obtained in both non-irradiated and irradiated essential oil

were 5, 9.5 and 15.33 mm and 9, 17 and 21.5 mm at concentrations 30, 50

and 70 µl. Only one datum noticed a strong activity according to Ait-

Ouazzou et al. (2011) at concentration 70 µl treated with 6 kGy. Also,

Schelz et al. (2006) mentioned that the inhibition zone of rosemary in case of

Escherichia coli was 15 mm. The last data are in the same line with Bousbia

et al. (2009) who revealed that Escherichia coli showed 15.5 mm inhibition

related to exposing of Algerian rosemary essential oil.

After the treatments of either irradiated or non-irradiated rosemary

essential oil against the plates inoculated with Salmonella typhimurium, data

found that there were no inhibitions (below 12 mm) in all used

concentrations as classified by Ait-Ouazzou et al. (2011).



114

RE = Rosemary essential oil against E. coli, Rm = Rosemary essential oil
against S. typhimurium, RS = Rosemary essential oil against S. aureus, Ru

= Rosemary essential oil against B. cereus

Fig. (18): Effect of irradiated rosemary essential oil (6kGy) and non-irradiated
rosemary essential oil on growth inhibition of various bacterial strains

(RE)

(Rm)

(RS)

(Ru)
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In case of Staphylococcus aureus the inhibition zones were in both non-

irradiated and irradiated rosemary essential oil 2.5, 15.5 and 17.57 mm and 3,

13.5 and 19 at concentrations 30, 50 and 70 µl, respectively. Bousbia et al.

(2009) found that the inhibition zone of Algerian rosemary essential oil was

12.5 mm against Staphylococcus aureus.

Finally, rosemary essential oil represents no inhibition (below 12 mm)

against Bacillus cereus in both irradiated and non-irradiated.

4.4. Evaluation of interactions between essential oils against bacterial

strains:

4.4.1. Evaluate interactions between non-irradiated essential oils

mixtures:

4.4.1.1. Evaluate antibacterial activity of mixture made from non-

irradiated cumin and rosemary essential oil (C0 X R0) on

bacterial strains:

Antibacterial activity of non-irradiated cumin essential combined with

rosemary essential oil at different concentrations were tabulated in Table (9)

and illustrated by Figure (20). In case of Salmonella typhimurium, the

inhibition zones were 6.50, 9.67 and 11 mm at concentrations 30, 50 and 70

µl, respectively. all these inhibition zones means that there were no

antimicrobial activity in the C0 X R0 mixture as mentioned by Ait-Ouazzou

et al. (2011).

The inhibition zones of Escherichia coli were 6.5, 14.33 and 14.40 mm at

concentrations 30, 50 and 70 µl, respectively. While, the inhibition zones of

Bacillus cereus were 6, 13 and 13.67 mm at the same concentrations. On the

other hand, Staphylococcus aureus represent no inhibition (below 12 mm) as

declared by Ait-Ouazzou et al. (2011) where, the inhibition zones were 6.40,

11.67 and 12 mm.
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Table(9):Effect of mixture made from non-irradiated cumin and rosemary essential oils (C0X R0)in different

concentrations on the inhibition zone of selected bacteria

Concentration
(µl)

Salmonella
typhimurium

Escherichia
coli

Bacillus
cereus

Staphylococcus
aureus

C0X R0

mixture

306.50
B

± 0.296.50
B

± 0.296.00
B

± 2.316.40
A

± 0.87

509.67
A

± 0.3314.33
A

± 1.2013.00
A

± 0.5811.67
A

± 4.18

7011.00
A

± 0.5814.40
A

± 0.7013.67
A

± 0.8812.00
A

± 4.58

C0X R0=mixture of non-irradiated cumin and rosemary essential oil,
Each value represents the meanS.E.; the mean value with different superscript alphabets in the same column indicate significant
differences (P0.05) using LSD test.
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The inhibition zones were studied practically and calculated

mathematically to all mixtures of both irradiated and non-irradiated essential

oils used in our present study as declared by (Lis-Balchin and Deans,

1998a). This trail is done as a potential determination of synergistic activity

of essential oils mixtures against selected bacterial strains.

The inhibition zone of practical mixture of C0 X R0 was studied

compared to the mathematical mean between both individual cumin and

rosemary essential oil. The results found that the mixture of non-irradiated

cumin and rosemary essential oils represented higher antibacterial activity

against Bacillus cereus compared to other bacterial strains as shown in Table

(10). Where, the practical inhibition zone was 13 mm while, the

mathematical mean of the individual cumin and rosemary essential oil was

10.25 mm, at the concentration 50 µl (the inhibition zone of individual cumin

essential oil was 12mm while, rosemary was 8.5). This finding tends to refer

that there was a synergism might be obtained by this mixture.

In that declaration, our obtained result is completely agreed with

(Davidson and Parish, 1989) who mentioned that an additive effect is

observed when the combined effect is equal to the sum of the individual

effects. Synergism is observed when the effect of the combined substances is

greater than the sum of the individual effects. Antagonism is observed when

the effect of one or both compounds is less when they are applied together

than when individually applied.

Furthermore, Dufour et al. (2003) was chose to distinguish combinations

of compounds acting in an additive manner (where the degree of inhibition

was greater than could be accounted for by the action of compound 1, or the

action of compound 2, acting independently) from those showing a

synergistic interaction (where the degree of inhibition was greater than could
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Table (10): The antibacterial effect of individual non-irradiated cumin and
rosemary essential oil and 1:1 mixture of them

Conc.
(µl)

Inhibition zone (mm)

Essential oil alone Mathematically Practically

Cumin Rosemary Mean
*

Mix
**

Sa
lm

on
el

la
ty

ph
im

ur
iu

m

30 6.5 2.5 4.5 6.5

50 11 2.5 6.75 9.6

70 13 6.5 9.75 11

St
ap

hy
lo

co
cc

us
au

re
us

30 4 2.5 3.25 6.4

50 8.5 15.5 12 11.6

70 20 17.57 18.78 12

B
ac

ill
us

ce
re

us

30 11.5 7.5 9.5 6

50 12 8.5 10.25 13

70 14 7.5 10.75 13.6

E
sc

he
ri

ch
ia

co
li

30 10 5 7.5 6.5

50 13 9.5 11.25 14.3

70 18.5 15.3 16.9 14.4

*
Mean of the two individual zones of inhibition (mm),

**
The zone of inhibition

(mm) of the mixture, Conc. = Concentration
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be accounted for by the action of compound 1 plus the action of compound

2) because we believe it is the truly synergistic interactions that are of

principal interest in food preservation applications. In addition, in case of

Escherichia coli the obtained of practical inhibition zone as shown in Table

(10) was 14.3 mm while, the mathematical mean of the individual  cumin

and  rosemary  essential  oil  was   11.25 mm  at   the concentration of 50

µl. the same finding obtained in case of Bacillus cereus at concentration 50

µl where, the obtained inhibition zone of the C0 X R0 mixture was greater

than that calculated mathematically and individual essential oils (13 mm in

cumin essential oil and  9.5 mm  in rosemary  essential oil). This datum

might be refers to the synergistic effect of that mixture in case of Bacillus

cereus at concentration 50 µl.

Moreover, Table (10) showed that most of practical inhibition zones that

have been done in the present study were higher than mathematical inhibition

zones, but not more than the individual essential oil; i.e. in case of C0 X R0

against Salmonella typhimurium at concentration 50 µl. the practical

inhibition zone was 9.6 mm while, mathematical inhibition zone was 6.75

mm but, the inhibition zone of individual cumin essential oil was 11 mm.

The obtained results are in agreement with (Lis-Balchin and Deans, 1998a),

who mentioned that the antibacterial activity of the mixture was also, in most

cases, less than that of the most active individual essential oil.

Our study also indicates that the essential oils of cumin, which have

aldehyde, γ-terpinene and β-pinene, have severe antibacterial activity against

gram-positive and gram-negative bacteria (Iacobellis et al. 2005). The

mechanisms by which essential oils can inhibit microorganisms have

different reasons, and in some part may be due to their hydrophobicity. In

this connection, the penetration of the oils into the lipid bilayer of the cell

membrane makes the cells more permeable, leading to leakage of vital cell

contents (Kim et al. 1995 and Burt 2004).
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Lipophilic hydrocarbon molecules (γ-terpinene, ρ-cymene and β-pinene)

could accumulate in the lipid bilayer and distort the lipid–protein interaction;

alternatively, direct interaction of the lipophilic compounds with

hydrophobic parts of the protein is possible (Juven et al., 1994 and Sikkema

et al., 1995). Some essential oils have been found to stimulate the growth of

pseudomycelia (a series of cells adhering end-toend as a result of incomplete

separation of newly formed cells) in certain yeasts. This could be an

indication that essential oils act on the enzymes involved in the energy

regulation or synthesis of structural components (Conner and Beuchat,

1984).

Moreover, the antimicrobial activity of essential oils may be due to the

presence of synergy between the major components and other constituents of

the oils leading to various degrees of antimicrobial activity (Bouhdid et al.

2008).

4.4.1.2. Evaluate antibacterial activity of mixture made from non-

irradiated cumin and thyme essential oil (C0 X T0) on bacterial

strains:

As antimicrobial activity depends not only on chemical composition but

also on lipophilic properties, the potency of functional groups or aqueous

solubility (Dorman and Deans, 2000) and the mixture of compounds with

different biochemical properties may increase essential oil efficacy. The

antibacterial activity of non-irradiated cumin essential combined with thyme

essential oil at different concentrations were tabulated in Table (11) and

illustrated by Figure (21).

In case of Salmonella typhimurium, the inhibition zones were 8.50, 13.50
and 14.67 mm at concentrations 30, 50 and 70 µl, respectively.
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Table(11):Effect of mixture made from non-irradiated cumin and thyme essential oils (C0X T0)in different

concentrations on the inhibition zone of selected bacteria

Concentration
(µl)

Salmonella
typhimurium

Escherichia
coli

Bacillus
cereus

Staphylococcus
aureus

C0X T0

mixture

308.50
A

± 0.2913.67
A

± 0.8815.00
A

± 0.588.00
B

± 0.58

5013.50
A

± 2.5914.00
A

± 1.5315.00
A

± 1.5310.00
AB

± 1.16

7014.67
A

± 2.8517.67
A

± 0.8815.00
A

± 3.6111.50
A

± 0.29

C0X T0=mixture of non-irradiatedcumin and thyme essential oil,
Each value represents the meanS.E.; the mean value with different superscript alphabets in the same column indicate significant
differences (P0.05) using LSD test.
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Fig. (21): Antimicrobial potential of mixture made from non-irradiated cumin and thyme essential oils (C0 X T0) at
different concentrations on the bacterial inhibition zone in mm
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Table (12): The antibacterial effect of individual non-irradiated cumin and
thyme essential oil and 1:1 mixture of them

Conc.

(µl)

Inhibition zone (mm)

Essential oil alone Mathematically Practically

Cumin Thyme Mean
*

Mix
**

Sa
lm

on
el

la
ty

ph
im

ur
iu

m

30 6.5 20.5 13.5 8.5

50 11.0 25.0 18.00 13.5

70 13.0 26.5 19.75 14.6

St
ap

hy
lo

co
cc

us
au

re
us

30 4.0 17.5 10.75 8.0

50 8.5 29.0 18.75 10.0

70 20.0 32.5 26.25 11.5

B
ac

ill
us

ce
re

us

30 10.0 19.5 14.75 15.0

50 11.0 20.5 15.75 15.0

70 14.0 24.5 19.25 15.0

E
sc

he
ri

ch
ia

co
li

30 10.0 24.0 17.00 13.6

50 13.0 25.0 19.00 14.0

70 18.5 30.3 24.40 17.6

*
Mean of the two individual zones of inhibition (mm),

**
The zone of inhibition

(mm) of the mixture, Conc. = Concentration
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The concentration of 30 µl showed no inhibition (below 12 mm) as

mentioned by Ait-Ouazzou et al. (2011) while, at concentrations 50 and 70

µl the inhibition represented moderate activity against selected bacteria.

All inhibition zones of mixture made from non-irradiated cumin and

thyme essential oil against Escherichia coli and Bacillus cereus were possess

to have moderate activity (the inhibition zone is between 12 and 20 mm).

There was no inhibition zone of the essential oil mixture against

Staphylococcus aureus in all concentrations used in our study.

On the other hand, the application of the declaration mentioned by

Dufour et al. (2003) in case of C0 X T0 mixture as shown in Table (12),

there were no synergistic effect noticed in that mixture against selected

bacterial strains and at various concentrations in our present study.

Moreover, the results are agreed with the previous obtained by Lis-Balchin

and Deans (1998a) who mentioned that the antibacterial activity of the

mixture was also, in most cases, less than that of the most active individual

essential oil.

4.4.1.3. Evaluate antibacterial activity of mixture made from non-

irradiated rosemary and thyme essential oil (R0 X T0) on

bacterial strains

As shown in Table (13) and Figure (22), the inhibition zones of R0 X T0

mixture against Salmonella typhimurium are 7.33, 7.50 and 8.50 mm at

concentrations 30, 50 and 70 µl, respectively. These inhibition zones refer to

no inhibition according to Ait-Ouazzou et al. (2011) who mentioned that

below 12 mm of inhibition there are no inhibition activity for the selected

antimicrobial used.

In case of Escherichia coli, the found inhibition zones were 11.50m 13

and 13 mm at concentrations 30, 50 and 70 µl. these inhibitions showed
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Table(13):Effect of mixture made from non-irradiated rosemary and thyme essential oils (R0X T0)in different

concentrations on the inhibition zone of selected bacteria

Concentration
(µl)

Salmonella
typhimurium

Escherichia
coli

Bacillus
cereus

Staphylococcus
aureus

R0X T0

mixture

307.33
A

± 0.33311.50
A

± 0.86613.00
B

± 0.5772.50
B

± 0.288

507.50
A

± 0.28813.00
A

± 2.30921.33
A

± 1.2028.50
A

± 0.288

708.50
A

± 0.28813.00
A

± 1.52722.00
A

± 1.7328.50
A

± 0.288

R0X T0=mixture ofnon-irradiated rosemary and thyme essential oil,
Each value represents the meanS.E.; the mean value with different superscript alphabets in the same column indicate significant
differences (P0.05) using LSD test.
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Table (14): The antibacterial effect of individual non-irradiated rosemary
and thyme essential oils and 1:1 mixture of them

Conc.

(µl)

Inhibition zone (mm)

Essential oil alone Mathematically Practically

Rosemary Thyme Mean
*

Mix
**

Sa
lm

on
el

la
ty

ph
im

ur
iu

m

30 2.5 20.5 11.5 7.3

50 2.5 25 13.75 7.5

70 6.5 26.5 16.5 8.5

St
ap

hy
lo

co
cc

us
au

re
us

30 2.5 17.5 10 2.5

50 15.5 29 22.25 8.5

70 17.5 32.5 25 8.5

B
ac

ill
us

ce
re

us

30 7.5 19.5 13.5 13

50 8.5 20.5 14.5 21.3

70 7.5 24.5 16 22

E
sc

he
ri

ch
ia

co
li

30 5 24 14.5 11.5

50 9.5 25 17.25 13

70 15.3 30.3 22.8 13

*
Mean of the two individual zones of inhibition (mm),

**
The zone of inhibition

(mm) of the mixture, Conc. = Concentration
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the antimicrobial activity between no inhibition and moderate activity. On

the other hand, the effect of irradiated essential oil when mixed together

against Staphylococcus aureus showed no inhibition according to Ait-

Ouazzou et al. (2011) because of all obtained inhibitions zones are below 12

mm. While, the concentrations 50 and 70 µl of the same mixture against

Bacillus aureus represent strong activity.

However, Table (14) most of the R0 X T0 mixture used against selected

bacterial strains showed no synergy according to the (Davidson and Parish,

1989 and Dufour et al., 2003) hypothesis except for the R0 X T0 mixture

against Bacillus cereus at  concentration 50 µl  where, the zone of inhibition

was 21.3 mm strong activity, (Ait-Ouazzou et al., 2011) in the practical

trail, 14.5 mm in the mathematical calculation while, the individual essential

oil was 8.5 mm and 20.5 mm in rosemary and thyme essential oil,

respectively. This finding might be showed a synergistic effect against

selected bacterial strain.

4.4.2. Evaluate interactions between mixtures made from irradiated

essential oils:

4.4.2.1. Evaluate antibacterial activity of irradiated cumin essential oil at

doses 2 and 4 kGy (C2 X C4) mixture on bacterial strains:

As shown in Table (15) and Figure (23) the mixture made from irradiated

cumin essential oils at doses 2 and 4 kGy, theoretically this trail did not show

any further achievements in our investigation, as a point of view. Thus, this

trail is done to tray all possibilities changing of irradiation doses to chemical

constituents of essential oil - especially after the finding of that 2 and 4 kGy

of irradiated cumin essential oil showed a promising antimicrobial activity in

the preliminary experiment (Table 6 and Figure 11).

The inhibition zones obtained in case of Salmonella typhimurium,

Escherichia coli and Staphylococcus aureus were showed no inhibition

activity (below 12 mm). Thus, the practical investigation is similar to the
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theoretical hypothesis where, all obtained data are varying from no inhibition

activity to moderate activity (Ait-Ouazzou et al., 2011).

As a point of view, the percentage amount of non-oxygenated compounds

in irradiated cumin essential oil at dose 4 kGy was 24.60% (Table 38).

Moreover, the percentage amount of both γ-terpinene and ρ-cymene were

12.97% and 6.43%, respectively. Thus, that finding might be tens to show

slight antagonistic in this mixture

As our pointing of view declared, mechanisms of antimicrobial interaction

that produce antagonism are less known, although they include combinations

of bactericidal and bacteriostatic agents, use of compounds that act on the

same target of the microorganism and chemical (direct or indirect)

interactions among compounds. For instance, non-oxygenated monoterpene

hydrocarbons such as γ-terpinene and ρ-cymene appear to produce

antagonistic effects, since they reduce the aqueous terpene solubility and,

therefore, the microbial availability of the active components (Cox et al.,

2001). Therefore, specific modes of action of plant constituents with

antimicrobial properties on the metabolic activities of microorganisms still

need to be clearly defined, even when the antimicrobials are used

individually (Alzamora et al., 2003).

Despite the previous notifications was in our first importance, Table (16)

showed some promising data especially in case the treatment of C2 X C4

mixture against Bacillus cereus at concentration 50 µl. where, the inhibition

zone was 15.5 mm (practically), 10.65 mm (mathematically). While, the

individual irradiated cumin at doses 2 and 4 kGy were 11 and 10.3 mm. this

data could be refers to synergistic effect.
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Table (15): Effect of mixture made from irradiated cumin essential oil at doses 2 and 4 kGy (C2 X C4) at different

concentrations on the inhibition zone of selected bacteria

Concentration
(µl)

Salmonella
typhimurium

Escherichia
coli

Bacillus
cereus

Staphylococcus
aureus

C2 X C4

mixture

30 7.50B ± 1.44 7.00A ± 0.58 5.00B ± 0.58 5.50A ± 0.27

50 11.50A ± 0.29 10.50A ± 0.29 15.50A ± 0.29 7.00A ± 1.73

70 11.50A ± 0.29 11.00A ± 3.51 16.00A ± 0.58 7.10A ± 1.65

C2 X C4= mixture of irradiated cumin essential oil at doses 2 and 4 kGy,
Each value represents the mean  S.E.; the mean value with different superscript alphabets in the same column indicate significant
differences (P0.05) using LSD test.
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Fig.(23):Antimicrobial potential of mixture made from irradiated cumin essential oil at doses 2 and 4 kGy (C2X C4) at
different concentrations on the bacterial inhibition zone in mm

133



134

Table (16): The antibacterial effect of individual irradiated cumin (2 kGy)
and irradiated cumin (4 kGy) essential oils and 1:1 mixture of
them

Conc.

(µl)

Inhibition zone (mm)

Essential oil alone Mathematically Practically

Cumin
2kGy

Cumin
4kGY

Mean * Mix **

Sa
lm

on
el

la
ty

ph
im

ur
iu

m

30 5.5 8.5 7 7.5

50 5.5 11.5 8.5 11.5

70 8.5 12.5 10.5 11.5

St
ap

hy
lo

co
cc

us
au

re
us

30 5.5 4.6 5.05 5.5

50 6 5.5 5.75 7

70 26.5 29 27.75 7.1

B
ac

ill
us

ce
re

us

30 10 8 9 5

50 11 10.3 10.65 15.5

70 14.5 10.5 12.5 16

E
sc

he
ri

ch
ia

co
li

30 9.5 13.5 11.5 7

50 17.5 14.5 16 10.5

70 30 23 26.5 11

*
Mean of the two individual zones of inhibition (mm),

**
The zone of inhibition

(mm) of the mixture, Conc. = Concentration
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As mentioned in Table (37) the percentage amount of cumin aldehyde

(monoterpene aldehyde, Bettaieb et al., 2011 and Vazin, 2013) was

increased related to irradiation dose from 24.93% to 33.65%. This increment

might be caused the increment of antimicrobial activity of irradiated cumin

essential oil. That hypothesis is in the line with (Arora and Kaur, 1999 and

Hajlaoui et al., 2010) who mentioned that the components of essential oil

(aldehydes, ketones, and alcohols) showed the strongest antimicrobial

activity.

4.4.2.2. Evaluate antibacterial activity of irradiated cumin and rosemary

essential oils at doses 2 and 6 kGy mixture (C2 X R6) on

bacterial strains:

The inhibition zones of C2 X R6 mixture are tabulated in Table (17) and

Figure (24). The results of this mixture were as follow; in case of

Salmonella typhimurium and Staphylococcus aureus were showed no

inhibition activity as mentioned by (Ait-Ouazzou et al., 2011) where, all

inhibition zones of the mixture were below 12 mm.

While the inhibition zones of the mixture illustrated moderate activity in

case of Bacillus cereus and Escherichia coli at concentrations 50 and 70 µl.

the inhibition zone of 50 µl in case of Bacillus cereus was 14 mm

(practically) and 9.75 mm (mathematically). While, it was 14.5 mm

(practically) and 11.5 mm (mathematically) at concentration 70 µl.

Moreover, the zone of inhibition in case of Escherichia coli at 50 µl was 13

mm (practically) and the same inhibition was in 70 µl (13 mm) while, the

mathematical calculation on inhibitions were 17.25 mm and 25.75 mm at

concentration 50 and 70 µl, respectively.
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Table (17): Effect of mixture made from irradiated cumin and rosemary essential oils at doses 2 and 6 kGy, respectively

(C2 X R6) in different concentrations on the inhibition zone of selected bacteria

Concentration
(µl)

Salmonella
typhimurium

Escherichia
coli

Bacillus
cereus

Staphylococcus
aureus

C2 X R6

mixture

30 5.50A ± 0.288 6.00B ± 0.577 5.00B ± 0.577 3.00B ± 0.577

50 6.50A ± 0.288 13.00A ± 0.577 14.00A ± 0.577 7.00A ± 0.577

70 8.00A ± 2.309 13.00A ± 0.577 14.50A ± 0.288 7.00A ± 0.577

C2 X R6= mixture of irradiated cumin and rosemary essential oils at doses 2 and 6 kGy, respectively,
Each value represents the mean  S.E.; the mean value with different superscript alphabets in the same column indicate significant
differences (P0.05) using LSD test.
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Fig.(24):Antimicrobial potential of mixture made from irradiated cumin and rosemary essential oils at doses 2 and 6
kGy (C2X R6) at different concentrations on the bacterial inhibition zone in mm
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Table (18): The antibacterial effect of individual irradiated cumin (2 kGy)
and irradiated rosemary (6 kGy) essential oils and 1:1 mixture
of them

Conc.

(µl)

Inhibition zone (mm)

Essential oil alone Mathematically Practically

Cumin
2kGy

Rosemary
6kGY Mean

*
Mix

**

Sa
lm

on
el

la
ty

ph
im

ur
iu

m

30 5.5 3.5 4.5 5.5

50 5.5 7 6.25 6.5

70 8.5 7 7.75 8

St
ap

hy
lo

co
cc

us
au

re
us

30 5.5 3 4.25 3

50 6 13.5 9.75 7

70 26.5 19 22.75 7

B
ac

ill
us

ce
re

us

30 10 7.5 8.75 5

50 11 8.5 9.75 14

70 14.5 8.5 11.5 14.5

E
sc

he
ri

ch
ia

co
li

30 9.5 9 9.25 6

50 17.5 17 17.25 13

70 30 21.5 25.75 13

*
Mean of the two individual zones of inhibition (mm),

**
The zone of inhibition

(mm) of the mixture, Conc. = Concentration
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4.4.2.3. Evaluate antibacterial activity of mixture made from irradiated

cumin and thyme essential oil (C2 X T4) at doses 2 and 4 kGy on

bacterial strains:

As shown in Table (19) and Figure (25), the practical zone of inhibition

was 8, 12 and 12 mm in case of Salmonella typhimurium at concentrations

30, 50 and 70 µl, respectively. While, the zone of inhibition in case of

Escherichia coli was 13, 14 and 14 mm at concentrations 30, 50 and 70 µl,

respectively. The noticed observation was that, the concentration 50 and 70

µl in both bacteria have the same inhibition zone and in case of

Staphylococcus aureus, that observation was closely happened where the

zone of inhibition at the same concentrations were 7 and 7.5 mm,

respectively. As appoint of view, there were no relationship between the

increment of essential oil quantity and the antimicrobial activity especially in

the presence of strong antimicrobials together. Furthermore, the zones of in

inhibition in case of Staphylococcus aureus were possess to have no

inhibition activity according to (Ait-Ouazzou et al., 2011).

That finding is in the line with the previous founding by Gutierrez et al.,

(2008a) who defined that the mechanism of action as well as essential oil

composition deserves to be studied in more detail in order to elucidate why

combinations of essential oils with a strong individual antimicrobial efficacy

such as oregano and thyme, did not show synergistic effects, and why on the

other hand combinations of two essential oils with individually moderate

activity resulted in enhanced effects in combination, such as marjoram, basil,

rosemary or sage.

Lambert et al. (2001) reported that carvacrol and thymol in combination

were additive against S. aureus and Pseudomonas aeruginosa.
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Table (19): Effect of mixture made from irradiated cumin and thyme essential oils at doses 2 and 4 kGy, respectively (C2

X T4) in different concentrations on the inhibition zone of selected bacteria

Concentration
(µl)

Salmonella
typhimurium

Escherichia
coli

Bacillus
cereus

Staphylococcus
aureus

C2 X T4

mixture

30 8.00A ± 1.732 13.00A ± 2.886 12.00A ± 0.577 6.50A ± 0.288

50 12.00A ± 1.154 14.00A ± 0.577 13.00A ± 0.577 7.00A ± 0.577

70 12.00A ± 1.154 14.00A ± 1.527 13.00A ± 4.163 7.50A ± 0.288

C2 X T4= mixture of irradiated cumin and thyme essential oils at doses 2 and 4 kGy, respectively,
Each value represents the mean  S.E.; the mean value with different superscript alphabets in the same column indicate significant
differences (P0.05) using LSD test.
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Fig.(25):Antimicrobial potential of mixture made from irradiated cumin and thyme essential oils at doses 2 and 4 kGy
(C2X T4) at different concentrations on the bacterial inhibition zone in mm
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Table (20): The antibacterial effect of individual irradiated cumin (2 kGy)
and irradiated thyme (4 kGy) essential oils and 1:1 mixture of
them

Conc.

(µl)

Inhibition zone (mm)

Essential oil alone Mathematically Practically

Cumin
2kGy

Thyme
4kGY Mean

*
Mix

**

Sa
lm

on
el

la
ty

ph
im

ur
iu

m

30 5.5 24 14.75 8

50 5.5 24.3 14.9 12

70 8.5 25 16.75 12

St
ap

hy
lo

co
cc

us
au

re
us

30 5.5 13.5 9. 5 6.5

50 6 31 18.5 7

70 26.5 39 32.75 7.5

B
ac

ill
us

ce
re

us

30 10 19.5 14.75 12

50 11 21 16 13

70 14.5 23 18.75 13

E
sc

he
ri

ch
ia

co
li

30 9.5 21.5 15.5 13

50 17.5 22.5 20 14

70 30 42 36 14

*
Mean of the two individual zones of inhibition (mm),

**
The zone of inhibition

(mm) of the mixture, Conc. = Concentration
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Nazer et al. (2005) found that thymol in combination with other aromatic

compounds led to improved inhibition, but no real synergistic effect was

demonstrated between compounds against Salmonella. As plant essential oils

possess similar composition, their combinations may exhibit addition rather

than a synergistic effect.

4.4.2.4. Evaluate antibacterial activity of mixture made from irradiated

cumin and rosemary essential oil (C4 X R6) at doses 4 and 6 kGy

on bacterial strains:

Table (21) and Figure (26) illustrated that the inhibition zone of the

mixture made from irradiated cumin essential oil at dose 4 kGy and

irradiated rosemary essential oil at dose 6 kGy were recorded no inhibition

activity as hypothesis of (Ait-Ouazzou et al., 2011). Where, all obtained

data of the mixture against selected bacterial strains were below 12 mm. this

obtaining was might be related to the antimicrobial activity of cumin

(moderate antimicrobial) and rosemary (weak antimicrobial).

The results recorded in Table (22) showed that there were no probability

to any synergism could be happened in this mixture (hypothesis). This

hypothesis came from the obtained practical inhibition zones are below even

the calculating inhibition zones and each individual irradiated essential oil.

The obtained data are in agreement with Lis-Balchin and Deans (1998a)

who found that the antibacterial activity of the 1:1:1 mixtures (cinnamon,

coriander and rosewood; cassis, aniseed and caraway and dill, orange and

nutmeg) were also, in most cases, less than that of the most active individual

essential oil.
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Table (21): Effect of mixture made from irradiated cumin and rosemary essential oils at doses 4 and 6 kGy, respectively

(C4 X R6) in different concentrations on the inhibition zone of selected bacteria

Concentration
(µl)

Salmonella
typhimurium

Escherichia
coli

Bacillus
cereus

Staphylococcus
aureus

C4X R6

mixture

30 6.00A ± 1.732 6.50A ± 0.288 6.00A ± 2.309 5.50A ± 0.288

50 6.00A ± 1.732 7.00A ± 1.732 8.66A ± 0.882 6.50A ± 0.288

70 8.50A ± 0.500 7.50A ± 2.021 9.00A ± 0.577 6.50A ± 2.021

C4 X R6 = mixture of irradiated cumin and rosemary essential oils at doses 4 and 6 kGy, respectively,
Each value represents the mean  S.E.; the mean value with different superscript alphabets in the same column indicate significant
differences (P0.05) using LSD test.
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Fig.(26):Antimicrobial potential of mixture made from irradiated cumin and rosemary essential oils at doses 4 and 6
kGy (C4X R6) at different concentrations on the bacterial inhibition zone in mm
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Table (22): The antibacterial effect of individual irradiated cumin (4 kGy)
and irradiated rosemary (6 kGy) essential oils and 1:1 mixture of
them

Conc.

(µl)

Inhibition zone (mm)

Essential oil alone Mathematically Practically

Cumin
4kGy

Rosemary
6kGY Mean

*
Mix

**

Sa
lm

on
el

la
ty

ph
im

ur
iu

m

30 8.5 3.5 6 6

50 11.5 7 9.25 6

70 12.5 7 9.75 8.5

St
ap

hy
lo

co
cc

us
au

re
us

30 4.6 3 3.8 5.5

50 5.5 13.5 9.5 6.5

70 29 19 24 6.5

B
ac

ill
us

ce
re

us

30 8 7.5 7.75 6

50 10.3 8.5 9.4 8.6

70 10.5 8.5 9.5 9

E
sc

he
ri

ch
ia

co
li

30 13.5 9 11.75 6.5

50 14.5 17 15.25 7

70 23 21.5 22.25 7.5

*
Mean of the two individual zones of inhibition (mm),

**
The zone of inhibition

(mm) of the mixture, Conc. = Concentration
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4.4.2.5. Evaluate antibacterial activity of mixture made from irradiated

cumin and thyme essential oil (C4X T4) at doses 4 and 4 kGy on

bacterial strains:

As shown in Table (23) and Figure (27), the results represented in case of

Salmonella typhimurium the zone of inhibition was 6, 11 and 11.5 mm at

concentrations 30, 50 and 70 µl, respectively. While, it was 3, 12.5 and 13

mm in case of Escherichia coli at the same concentrations.

In addition, Bacillus cereus and Staphylococcus aureus were showed

inhibition zones 10, 11.5 and 12 mm and 7, 11.5 and 11.5 mm at

concentrations 30, 50 and 70 µl, respectively.

These obtaining results are in similar with that discussed in the previous

section.

As a result, combinations with other compounds containing different

chemical structures may improve the essential oil efficacy. For example,

synergism between carvacrol and its precursor ρ-cymene has been noted

(Ultee et al., 2000). It appears that ρ-cymene, a very weak antibacterial,

swells bacterial cell membranes to a greater extent than carvacrol does, so ρ-

cymene probably enables carvacrol to be more easily transported into the

cell.

4.4.2.6. Evaluate antibacterial activity of mixture made from irradiated

rosemary and thyme essential oil (R6 X T4) at doses 6 and 4 kGy

on bacterial strains:

As show by Figure (28) and tabulated in Table (25) the antimicrobial

activity of mixture made from irradiated rosemary (6kGy) and irradiated

thyme (4kGy) were measured as the inhibition of zone. The inhibition zones

of the mixture in case of Salmonella typhimurium and Escherichia
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Table (23): Effect of mixture made from irradiated cumin and thyme essential oils at doses 4 and 4 kGy, respectively (C4

X T4) in different concentrations on the inhibition zone of selected bacteria

Concentration
(µl)

Salmonella
typhimurium

Escherichia
coli

Bacillus
cereus

Staphylococcus
aureus

C4 X T4

mixture

30 6.00B ± 1.732 3.00B ± 0.577 10.00A ± 1.155 7.00B ± 1.732

50 11.00A ± 0.577 12.50A ± 0.288 11.50A ± 0.288 11.50A ± 0.288

70 11.50A ± 1.443 13.00A ± 1.527 12.00A ± 1.000 11.50A ± 0.764

C4 X T4 = mixture of irradiated cumin and thyme essential oils at doses 4 and 4 kGy,
Each value represents the mean  S.E.; the mean value with different superscript alphabets in the same column indicate significant
differences (P0.05) using LSD test.
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Fig.(27):Antimicrobial potential of mixture made from irradiated cumin and thyme essential oils at doses 4 and 4 kGy
(C4X T4) at different concentrations on the bacterial inhibition zone in mm
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Table (24): The antibacterial effect of individual irradiated cumin (4 kGy)
and irradiated thyme (4 kGy) essential oils and 1:1 mixture of
them

Conc.

(µl)

Inhibition zone (mm)

Essential oil alone Mathematically Practically

Cumin
4kGy

Thyme
4kGY Mean

*
Mix

**

Sa
lm

on
el

la
ty

ph
im

ur
iu

m

30 8.5 24 16.25 6

50 11.5 24.3 18.4 11

70 12.5 25 18.25 11.5

St
ap

hy
lo

co
cc

us
au

re
us

30 4.6 13.5 9.05 7

50 5.5 31 30 11.5

70 29 39 22.25 11.5

B
ac

ill
us

ce
re

us

30 8 19.5 13.75 10

50 10.3 21 15.65 11.5

70 10.5 23 16.75 12

E
sc

he
ri

ch
ia

co
li

30 13.5 21.5 17.5 3

50 14.5 22.5 18.5 12.5

70 23 42 32.5 13

*
Mean of the two individual zones of inhibition (mm),

**
The zone of inhibition

(mm) of the mixture, Conc. = Concentration
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coli were 7.5, 10.5 and 13 mm and 9, 12, 50 and 13 mm at concentrations 30,

50 and 70 µl, respectively.

Meanwhile, Bacillus cereus represents 8.5, 12 and 12.5 of inhibition and

finally in case of Staphylococcus aureus the zone of inhibitions were 5.5 ,

8.5 and 8.5 mm. The main components of rosemary and sage, which are

camphor and eucalyptol, possess oxygen functions in their structure and

these functions are known to increase the antimicrobial properties of

terpenoids (Naigre et al., 1996).

4.5. Determination of both minimum inhibitory concentration (MIC)

and minimum bactericidal concentration (MBC):

The bacteria demonstrating the largest inhibition zones by diffusion

method were not always the ones that present the lowest MIC and MBC

values. Perhaps, the diameter of the growth inhibition zone is often affected

by the oil solubility and volatility (Bouhdid et al. 2008).

Thus, the minimum inhibitory concentration (MIC) is cited by most

researchers as a measure of the antibacterial performance of essential oils.

The definition of the MIC differs between publications and this is another

obstacle to comparison between studies. In some cases, the minimum

bactericidal concentration (MBC) or the bacteriostatic concentration is

stated, both terms agreeing closely with the MIC (Burt, 2004).

4.5.1. Determination of MIC and MBC of non-irradiated essential oil:

The effect of minimum inhibitory concentration (MIC) on bacterial

viable cells was tested in liquid medium. The effect of the solvent used to

dilute essential oils was also determined against selected bacterial strains.

Dimethyl sulfuoxide (DMSO) was used in our trail. DMSO showed no

inhibition in all dilutions under investigation. The results are in agreement

with (Mahboubi et al., 2007 and Teixeira et al., 2013).
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Table (25): Effect of mixture made from irradiated rosemary and thyme essential oils at doses 6 and 4 kGy, respectively

(R6 X T4) in different concentrations on the inhibition zone of selected bacteria

Concentration
(µl)

Salmonella
typhimurium

Escherichia
coli

Bacillus
cereus

Staphylococcus
aureus

R6 X T4

mixture

30 7.50B ± 0.288 9.00A ± 4.618 8.50A ± 0.288 5.50B ± 0.288

50 10.50A ± 0.763 12.50A ± 1.443 12.00A ± 1.732 8.50A ± 0.288

70 13.00A ± 1.154 13.00A ± 1.527 12.50A ± 3.753 8.50A ± 0.288

R6 X T4 = mixture of irradiated rosemary and thyme essential oils at doses 6 and 4 kGy,
Each value represents the mean  S.E.; the mean value with different superscript alphabets in the same column indicate significant
differences (P0.05) using LSD test.
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Fig.(28):Antimicrobial potential of mixture made from irradiated rosemary and thyme essential oils at doses 6 and 4
kGy (R6X T4) at different concentrations on the bacterial inhibition zone in mm
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Table (26): The antibacterial effect of individual irradiated rosemary (6
kGy) and irradiated thyme (4 kGy) essential oils and 1:1
mixture of them

Conc.

(µl)

Inhibition zone (mm)

Essential oil alone Mathematically Practically

Rosemary
6kGy

Thyme
4kGY Mean

*
Mix

**

Sa
lm

on
el

la
ty

ph
im

ur
iu

m

30 3.5 24 13.75 7.5

50 7 24.3 15.65 10.5

70 7 25 16 13

St
ap

hy
lo

co
cc

us
au

re
us

30 3 13.5 8.25 5.5

50 13.5 31 22.25 8.5

70 19 39 29 8.5

B
ac

ill
us

ce
re

us

30 7.5 19.5 13.5 8.5

50 8.5 21 14.75 12

70 8.5 23 15.75 12.5

E
sc

he
ri

ch
ia

co
li

30 9 21.5 15.25 9

50 17 22.5 19.75 12.5

70 21.5 42 31.75 13

*
Mean of the two individual zones of inhibition (mm),

**
The zone of inhibition

(mm) of the mixture, Conc. = Concentration
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As shown in Table (27) and illustrated by Figure (29) MIC of non-

irradiated cumin essential oil was 0.256, 1.024, 0.256 and 1.024 mg/ml

against S. typhimurium, E. coli, S. aureus and B. cereus, respectively. The

same results are in the previous study by (Allahghadri et al., 2010 and

Ozcan and Erkmen, 2001) who mentioned that the cumin essential oils had

antimicrobial activity against both E. coli O157:H7 and E. coli, respectively.

While, non-irradiated rosemary have MIC 0.256, 2.048, 0.512 and 2.048

mg/ml against S. typhimurium, E. coli, S. aureus and B. cereus, respectively.

The finding results are higher than that obtained by Teixeira et al. (2013)

who found that the MIC for rosemary essential oil against S. typhimurium

was 90.8 mg/ml. and also Rosato et al. (2007) who found that the MIC of

rosemary essential oil was about 1.4 mg/ml.

These results are agreement with those published by Zaouali et al.,

(2010), who also found that rosemary oils rich in eucalyptol exhibited

moderate or no action against S. aureus. This affirmation supports the theory

that a major proportion of α-pinene and camphor induces the antibacterial

activity against S. aureus.

Moreover, the obtained results showed high amount of rosemary essential

oil to make MIC where, 2.048 mg/ml was the MIC against E. coli. This

finding is in the line with Zaouali et al., (2010) and Jordán et al., (2013)

who mentioned that the moderate antibacterial activity for rosemary essential

oils from the var typicus (eucalyptol chemotype) and var troglodytorum

(camphor chemotype) were against this Gram-negative bacterium (E. coli).

In addition to this, terpenes have the ability to disrupt and penetrate the

lipid structure of the cell wall of bacteria, leading to the denaturing of

proteins and the destruction of cell membranes, leading to cytoplasmic

leakage, cell lysis and eventually cell death. Thus, our present study revealed

that the essential oil of rosemary have α-pinene, ρ-cymene, camphor and

limonene which achieve the (Bajpai et al., 2012) notification.
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Furthermore, non-irradiated thyme essential oil represents MIC 0.256,

0.512, 0.256 and 0.512 mg/ml against the same bacterial strains. Thus, thyme

essential oil showed the highest essential oil in the antimicrobial activity

measured as MIC, which means the concentrations of essential oil in case of

thyme lower than other essential oils used in our present study. The

differences in the MIC activity might be related with distinct chemical

composition of the essential oils tested as mentioned in Tables (2, 3 and 4).

These results are in agreement with Prabuseenivasan et al. (2006) and

Rota et al. (2004) who mentioned that thyme essential oil and its

predominant compounds (thymol and carvacrol) have MIC between 0.2 and

25.6 mg/ml. While, Al-Bayati et al. (2008) found that the MICs of thyme

essential oil were 31.2, 15.6, 62.5 and 125 µg/ml against S. aureus, B.

cereus, E. coli and S. typhimurium respectively.

Schelz et al. (2006) mentioned that the MICs of thyme and rosemary

essential oils against E. coli F ̓ lac were 1.5 and 11.3 mg/ml, respectively.

On the other hand, minimum bactericidal concentration (MBC) was

determined in our present study. However, MBC was tabulated in Table (27)

and Illustrated by Figure (30), the MBC of cumin essential oil against

selected bacterial strains were 0.768, 2.048, 0.768 and 4.096 mg/ml. while in

case of rosemary and thyme essential oil, the MBC were 0.768, 4.096, 1.024

and 4.096 mg/ml and 0.512, 1.024, 0.768 and 2.048 mg/ml, respectively. In

order to elucidate if the observed antimicrobial effect of the cumin, rosemary

and thyme essential oils were microbicide or micro-biostatic, we decided to

calculate the minimal bactericidal concentration (MBC/MIC) relation. The

presence of alive and active bacteria was detected at all the concentrations of

the essential oil capable of inhibiting bacterial growth. For this reason, the

MBC would be higher than the MIC; the MBC/ MIC relation would be

clearly greater than one, which would indicate a bacteriostatic effect of all

selected essential oils against selected bacterial strains.
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Table(27):Minimuminhibitory concentrations(MIC)and Minimum bactericidal concentrations (MBC)of both
irradiated and non-irradiated different essential oils

Bacterial strains
Non-irradiated essentialoilsIrradiated essential oils

C0R0T0C2C4R6T4

MIC
(mg/ml)

Salmonella typhimurium0.2560.2560.2560.5120.5120.5120.512

Escherichia coli1.0242.0480.5120.5120.5121.0240.512

Staphylococcus aureus0.2560.5120.2560.5120.3840.5120.512

Bacillus cereus1.0242.0480.5120.5120.5122.0480.512

MBC
(mg/ml)

Salmonella typhimurium0.7680.7680.5121.0241.0241.0241.024

Escherichia coli2.0484.0961.0241.0241.0242.0481.024

Staphylococcus aureus0.7681.0240.7681.0240.7681.0241.024

Bacillus cereus4.0964.0962.0481.0241.0244.0961.024
MIC =Minimum Inhibitory Concentration;
MBC =Minimum Bactericidal Concentration;
C0=non-irradiated cumin essential oil;
R0=non-irradiatedrosemary essential oil;
T0=non-irradiated thyme essential oil;
C2= irradiated cumin essential oil at dose 2 kGy;
C4=irradiated cumin essential oil at dose 4 kGy;
R6=irradiated rosemary essential oil at dose 6 kGy;
T4=irradiated thyme essential oil at dose 4kGy.
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Fig. (29): Minimum Inhibitory Concentrations (MIC) of non-irradiated cumin (C0), rosemary (R0) and thyme (T0)
essential oil
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Fig.(30):Minimum Bactericidal Concentrations(MBC) of non-irradiated cumin (C0), rosemary (R0) and thyme (T0)
essential oil
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This declaration was accompanied with Pérez et al. (1999) who mentioned

the relation between MBC and MIC in classifying of the bacteriostatic.

4.5.2. Determination of MIC and MBC of mixtures made from non-

irradiated essential oils:

Mixture of non-essential oils were collecting together to find the best and

the highest mixture that could be represented synergistic antibacterial activity

against selected bacterial strains. These mixtures tabulated in Table (28) and

illustrated by Figure (31) represented the MICs. Where, MIC of non-

irradiated cumin and rosemary essential oil (C0 X R0) was 0.256 mg/ml in all

selected bacterial strains (S. typhimiurium, E. coli, S. aureus and B. cereus).

This obtaining also appeared in the MBC as shown by Figure (32) where,

the MBCs of the same bacteria were 0.512, 0.512, 0.512 and 0.512 mg/ml.

the obtained results are in the line with Jordán et al. (2013) who found that

the MIC and MBC in all case studied were the same against all selected

bacteria.

It's clearly to say that the MIC of C0 X R0 in case of E. coli (0.256 mg/ml)

was lower than that obtained by their individual essential oil where, the MIC

of C0 was 1.024 mg/ml and the MIC of R0 was 2.048 mg/ml. thus the

mixture of C0 X R0 might be represent a synergistic activity. In addition, this

finding appeared in case of B. cereus with the same mixture.

These statements underline the affirmation that the antibacterial activity

of cumin and rosemary essential oil against E. coli can be attributed to the

combination of various minor components present in the oil, which act

synergistically with the rest of the volatile compounds present Zaouali et al.,

(2010).

According to Bajpai et al. (2012), it is possible that synergistic

interactions exist between the essential oil components and the antibacterial

activity detected for some oils against different strains of S. typhimurium.



161

This is in agreement with the affirmation that the antibacterial activity of

an essential oil may be related to the chemical configuration of its

components, the proportions in which they are present and the interactions

between them (Bajpai et al., 2012; Dorman and Deans, 2000 and Jordán

et al., 2013).

The C0 X T0 and R0 X T0 mixtures were showed that the MIC of them

almost higher than that obtained from their individual essential oils. Where,

i.e. the MIC of C0 X T0 was 0.512 mg/ml while the MIC of C0 and T0 was

0.256 and 0.256 mg/ml, respectively. On the other hand, the C0 X T0 mixture

was higher in the MIC 0.384 mg/ml in case of B. cereus than its components

where, C0 have 1.024 mg/ml and T0 have 0.512 mg/ml.

The MBCs also as mentioned before are higher than the MIC of the same

mixture. These findings are close to Pérez et al. (1999).

Our study found obviously that the C0 X R0 mixture was lower than the C0

X T0 and R0 X T0 mixtures. That means the mixture made from non-

irradiated cumin and rosemary essential oils have the highest antimicrobial

activity compared to other mixtures. Furthermore, cumin and rosemary

possess to have moderate antimicrobial activity (Zaouali et al., 2010 and

Jordán et al., 2013) related to their chemical composition. Rosemary

essential oil showed weak antimicrobial activity in our present study

according to the hypothesis of (Ait-Ouazzou et al., 2011).

The last obtaining results are in line with the previous founding by

Gutierrez et al., (2008a) who defined that the mechanism of action as well

as essential oil composition deserves to be studied in more detail in order to

elucidate why combinations of essential oils with a strong individual

antimicrobial efficacy such as oregano and thyme, did not show synergistic

effects, and why on the other hand combinations of two essential oils with

individually moderate activity resulted in enhanced effects in combination,

such as marjoram, basil, rosemary or sage.
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Table (28): Minimum inhibitory concentrations (MIC) and Minimum bactericidal concentrations (MBC) of both
irradiated and non-irradiated different essential oils mixtures

Bacterial
strains

Mixtures made from
non-irradiated essential oils

Mixtures made from irradiated essential oils

C0XR0 C0XT0 R0XT0 C2XC4 C2XR6 C2XT4 C4XR6 C4XT4 R6XT4

M
IC

(m
g/

m
l)

S. typhimurium 0.256 0.512 0.512 0.384 0.512 0.512 0.256 0.512 0.512
E. coli 0.256 0.384 0.512 0.512 0.512 0.384 0.384 0.512 0.512
S. aureus 0.256 0.512 0.256 0.384 0.384 0.384 0.384 0.384 0.512
B. cereus 0.256 0.384 0.512 0.384 0.384 0.384 0.384 0.384 0.384

M
B

C
(m

g/
m

l)

S. typhimurium 0.512 1.024 1.024 0.768 1.024 1.024 0.512 1.024 1.024
E. coli 0.512 0.768 1.024 1.024 1.024 0.768 0.768 1.024 1.024
S. aureus 0.512 1.024 0.512 0.768 0.768 0.768 0.768 0.768 1.024
B. cereus 0.512 0.768 0.768 0.768 0.768 0.768 0.768 0.768 0.768

MIC = Minimum Inhibitory Concentration;
MBC = Minimum Bactericidal Concentration;
C0 = non-irradiated cumin essential oil;
R0 = non-irradiated rosemary essential oil;
T0 = non-irradiated thyme essential oil;
C2 = irradiated cumin essential oil at dose 2 kGy;
C4 = irradiated cumin essential oil at dose 4 kGy;
R6 = irradiated rosemary essential oil at dose 6 kGy;
T4 = irradiated thyme essential oil at dose 4 kGy;
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Fig.(31):Minimum Inhibitory concentrations(MIC) of mixtures made from non-irradiatedcumin (C0), rosemary (R0)
and thyme (T0) essential oil
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Fig. (32): Minimum Bactericidal concentrations (MBC) of mixtures made from non-irradiated cumin (C0), rosemary
(R0) and thyme (T0) essential oil
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4.5.3. Determination of MIC and MBC of irradiated essential oil:

The chemical composition of essential oils is critical for their antibacterial

activities (Zaouali et al., 2010). For these reason a quantitative evaluation of

the antibacterial activity of irradiated cumin, rosemary and thyme essential

oils were determined by the micro-dilution bioassay against the Gram-

positive bacteria, S. aureus and B. cereus, and against the Gram-negative

bacteria, E. coli and S. typhimurium.

As shown in Table (27) and illustrated by Figure (31), the MICs of

irradiated cumin essential oil at doses 2 (C2) and 4 (C4) kGy were almost

similar (0.512 mg/ml) except for the MIC of C4 against S. aureus was 0.384

mg/ml while; the MIC of C2 was 0.512 mg/ml. Moreover, the MIC of

irradiated thyme essential oil (T4) against all selected bacteria was 0.512

mg/ml.

On the contrary, the MIC of irradiated rosemary ate dose 6 kGy (R6)

showed irregular MICs against selected bacteria where, the MICs of S.

typhimurium and S. aureus were 0.512 mg/ml. While, the MICs of R6 against

E. coli and B. cereus were 1.024 and 2.048 mg/ml, respectively.

On the other hand, MBC of irradiated essential oils showed increasing

rate almost two fold of MIC of irradiated essential oil. Where, i.e., the MBC

of R6 against E. coli was 1.024 mg/ml while, the MIC of R6 against the same

bacteria was 2.048 mg/ml.

As mentioned by Pérez et al. (1999) who mentioned the relation between

MBC and MIC in classifying of the bacteriostatic. Our results confirmed that

the MCB/MIC relation showed that all irradiated essential oil classified as

bacteriostatic because the MBC of these essential oils are higher that MIC of

the same essential oils.
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Fig.(34):Minimum Bactericidal Concentrations(MBC) of irradiated cumin, rosemary and thyme essential oil
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4.5.4. Determination of MIC and MBC of mixtures made from

irradiated essential oils:

Table (28) and Figure (35) showed the MICs of the mixtures made form

irradiated essential oils under investigation. Theoretically, the mixture made

from irradiated cumin at doses 2 (C2) and 4 (C4) kGy did not present new in

the antimicrobial activity but, in case of S. typhimurium, S. aureus and B.

cereus the MICs were 0.384, 0.384 and 0.384 mg/ml. that means the MICs of

the mixture represent antimicrobial activity compared to the individual

essential oils in the mixture.

The obtained data might be logically approved because of some authors

explain the mode of action of the essential oils is related to its chemical

composition itself. However, Harris (2002) found that the minor and major

components are acting together to significantly increased antimicrobial

activity.

The MIC of C2 X R6 was prosing mixture in case of B. cereus where, the

MIC of the mixture was 0.384 mg/ml while; the MIC of C2 was 0.512 mg/ml

and R6 was 2.048 mg/ml. The mixture of C4 X R6 showed the highest

antimicrobial activity in case of S. typhimurium compared to other mixtures

where, the MIC of C4 X R6 mixtures was 0.512 mg/ml. that finding achieved

the Gutierrez et al., (2008a) founding. In addition, the irradiation of both

cumin and rosemary essential oil might be enhance their antimicrobial

activity when they combining together.

Burt (2004) reviewed the antimicrobial activity of essential oils, reporting

a multiplicity of factors ranging from the culture of the plant to variations in

the experimental conditions for the measurement of the antibacterial activity,

as well as differences in the methodology as the type of Tween and DMSO

used to dissolve the hydrophobic components.

C2 X T4 mixture showed an improvement in the synergism between its

individual components where, the mixture MICs in case of E. coli and B.
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cereus showed 0.384 and 0.384 mg/ml compared to the individual

components which have The MICs 0.512 mg/ml in all cases.

The MIC of the mixture R6 X T4 might be not possessing synergy because

of the obtained data in the MIC of the mixture almost higher than the

individual components of the mixture. For example the MIC of the R6 X T4

against S. typhimurium was 0.512 mg/ml while, the MICs of R6 and T4 were

0.512 and 0.512 mg/ml. on the contrary, the MIC of the same mixture was

0.384 mg/ml against B. cereus while, the MICs of R6 and T4 were 2.048 and

0.512 mg/ml, respectively.

On the MBCs obtaining results, Table (28) and Figure (36) showed the

same trend in the MICs where, the MBC almost represent two fold of the

MIC concentration used against selected bacterial strains.

Furthermore, the MIC of mixtures C2 X R6 and C4 X R6 showed

promising antimicrobial activity and synergistic activity as the MIC of the

same mixtures did.

4.6. Determination of Synergistic by Checker board method:

4.6.1. Fraction Inhibitory Concentration (FIC):

The quantitative effects of cumin, rosemary and thyme in combination

with the each other are described in terms of fraction inhibitory concentration

(FIC) indices. The FICs of all essential oils combinations either irradiated or

non-irradiated are shown in Table (29 and 30). The FICs classified as

follow: Synergy(S, FIC < 0.5), Addition (A, 0.5 ≤ FIC ≤ 1), Indifference (I, 1
< FIC ≤ 4) and antagonism (FIC > 4) according to (Schelz et al., 2006 and

Houghton, 2009).
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Fig.(36):Minimum Bactericidal concentrations(MBC) of mixtures made from irradiated cumin (C2), cumin (C4)
rosemary (R6) and thyme (T4) essential oil
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4.6.2. Isobolgraphic methods:

This method supplies a graphic demonstration with linearly arranged x

and y axes reflecting the dose rates of the single individual components

(Figure 37). The dose combinations are represented by geometric points

with coordinates matching the dose rate of the separate components in the

combination. An isobole is understood to be a line or curve between points

of the same effect. The construction of isoboles requires the knowledge of

the amounts of the individual components in the combination for one dose

combination per effect level, at least, if the mechanism of interaction can be

seen as independent of the amount of the single components. Data on

different effect levels are necessary for the identification of the interaction,

because quality and quantity of the interaction can depend on the effect grade

(Wagner and Ulrich-Merzenich, 2009).

According to that introduction all possibilities mixture of selected

essential oils either irradiated or non-irradiated were studied and the kind of

synergetic effect were obtained in Figures (38, 39, 40, 41, 42, 43, 44, 45 and

46).

As shown by Figure (38) the mixture of C0 X R0 introduced FICs 2, 1.5,

0.375 and 0.375 in the case of S. typhimurium, S. aureus, B. cereus and E.

coli. These results represented a synergistic effect clearly occurred against B.

cereus and E. coli where, the FICs were below 0.5 (Schelz et al., 2006 and

Houghton, 2009).  Frankly speaking, this finding in the FIC of C0 X R0

against both B. cereus and E. coli give a great confidence and promising data

to how can moderate or weak antimicrobial might be show antimicrobial

activity when combining together (this finding are agreed with that obtained

in the preceding sections in our investigation) (Bajpai et al., 2012; Dorman
and Deans, 2000, Jordán et al., 2013 and Zaouali et al., 2010) and also we

could obtain mixture have antimicrobial activity without affecting the

organoleptic and sensory properties.
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Table (29): Fraction inhibitory concentration of either irradiated or non-
irradiated essential oils mixtures against selected bacterial
strains

Fraction Inhibitory Concentration (FIC)

S. typhimurium S. aureus B. cereus E. coli

C0 X R0 2.0 (I) 1.50 (I) 0.375 (S) 0.375 (S)

C0 X T0 4.0 (I) 4.00 (I) 1.125 (I) 1.125 (I)

R0 X T0 4.0 (I) 1.50 (I) 0.937 (A) 1.250 (I)

C2 X C4 1.5 (I) 1.75 (I) 1.500 (I) 2.000 (I)

C2 X R6 2.0 (I) 1.50 (I) 0.937 (A) 1.500 (I)

C2 X T4 2.0 (I) 1.50 (I) 1.500 (I) 1.500 (I)

C4 X R6 1.0 (A) 1.75 (I) 0.937 (A) 1.125 (I)

C4 X T4 2.0 (I) 1.75 (I) 1.500 (I) 2.000 (I)

R6 X T4 2.0 (I) 2.00 (I) 0.937 (A) 1.500 (I)

Synergy(S, FIC < 0.5), Addition (A, 0.5 ≤ FIC ≤ 1), Indifference (I, 1 < FIC ≤ 4),
antagonism (FIC > 4)
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Table (30): Fraction inhibitory concentrations (FICs) of both irradiated and non-irradiated different essential oils and their mixtures

Salmonella typhimurium Staphylococcus aureus Bacillus cereus Escherichia coli

MICa MICb MICc FIC MICa MICb MICc FIC MICa MICb MICc FIC MICa MICb MICc FIC

T
re

at
ed

 e
ss

en
ti

al
 o

ils
 (

kG
y)

C0XR0 0.256 0.256 0.256 2.000(I) 0.256 0.512 0.256 1.500(I) 1.024 2.048 0.256 0.375(S) 1.024 2.048 0.256 0.375(S)

C0XT0 0.256 0.256 0.512 4.000(I) 0.256 0.256 0.512 4.000(I) 1.024 0.512 0.384 1.125(I) 1.024 0.512 0.384 1.125(I)

R0XT0 0.256 0.256 0.512 4.000(I) 0.512 0.256 0.256 1.500(I) 2.048 0.512 0.384 0.937(A) 2.048 0.512 0.512 1.250(I)

C2XC4 0.512 0.512 0.384 1.500(I) 0.512 0.384 0.384 1.750(I) 0.512 0.512 0.384 1.500(I) 0.512 0.512 0.512 2.000(I)

C2XR6 0.512 0.512 0.512 2.000(I) 0.512 0.512 0.384 1.500(I) 0.512 2.048 0.384 0.937(A) 0.512 1.024 0.512 1.500(I)

C2XT4 0.512 0.512 0.512 2.000(I) 0.512 0.512 0.384 1.500(I) 0.512 0.512 0.384 1.500(I) 0.512 0.512 0.384 1.500(I)

C4XR6 0.512 0.512 0.256 1.000(A) 0.384 0.512 0.384 1.750(I) 0.512 2.048 0.384 0.937(A) 0.512 1.024 0.384 1.125(I)

C4XT4 0.512 0.512 0.512 2.000(I) 0.384 0.512 0.384 1.750(I) 0.512 0.512 0.384 1.500(I) 0.512 0.512 0.512 2.000(I)

R6XT4 0.512 0.512 0.512 2.000(I) 0.512 0.512 0.512 2.000(I) 2.048 0.512 0.384 0.937(A) 1.024 0.512 0.512 1.500(I)

C0 = non-irradiated cumin essential oil;
R0 = non-irradiated rosemary essential oil;
T0 = non-irradiated thyme essential oil;
C2 = irradiated cumin essential oil at dose 2 kGy;
C4 = irradiated cumin essential oil at dose 4 kGy;
R6 = irradiated rosemary essential oil at dose 6 kGy;
T4 = irradiated thyme essential oil at dose 4 kGy;
MICa= MIC of the first essential oil individually (mg/ml);

MICb= MIC of the second essential oil individually (mg/ml);
MICc= MIC of practical essential oil mixture of a and b (mg/ml);
S = Synergy (FIC < 0.5); A = Addition (0.5 ≤ FIC ≤ 1); I =
Indifference (1 < FIC ≤ 4); AN = Antagonism (FIC > 4).

174



175

Fig. (37): Isoboles for zero-interaction, synergism and antagonism
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On the other hand, the FICs the C0 X R0 in the case of S. typhimurium

and S. aureus showed an indifference activity.

As illustrated in Table (39) R0 X T0 the FICs showed indifference in case

of S. typhimurium, S. aureus and E. coli where, the FICs were 4, 1.5 and 1.25

while, the FIC in case of B. cereus was 0.937 that means addition.

In the case of FIC of C0 X T0 mixture, data shown by Figure (40)

illustrated that the FICs of the mixtures against all selected bacterial showed

indifference where, the FICs were 4, 4, 1.125 and 1.125 in S. typhimurium, S.

aureus, B. cereus and E. coli, respectively. Moreover, the FIC of S.

typhimurium and S. aureus could be explained in other studies as antagonism

(Didry et al., 1993b and Fadi et al., 2012) who was defined the antagonistic

effect when FIC is more than 2.

Regarding to the gamma irradiation, irradiation of essential oils also

studied in comparing with non-irradiated essential oils. As shown by Figure

(41) the FICs of C2 X C4 mixture were 1.5, 1.75, 1.5 and 2 in S.

typhimurium, S. aureus, B. cereus and E. coli, respectively. This finding

might be logically approved because of this mixture chemically contains the

same components but in different percentage.

The C2 X R6 mixture as shown by Figure (42) possesses to have

indifference in the FICs in the bacterial strains S. typhimurium, S. aureus and

E. coli. But in B. cereus the FIC represents addition effect. As mentioned in

the preceding section the relationship between C2 and R6 showed a

synergistic effect this notification could be achieved by the Figure (42).

In the mixture made from irradiated cumin essential oil at dose 2 kGy

and thyme essential oil at dose 4 kGy (C2 X T4) as shown by Figure (43), all

FICs showed indifference in all selected bacterial strains.

As mentioned in other sections, the mixture of C4 X R6 showed the

possibility in the synergistic effect might be happened. Figure (44)



177

represented that the FICs of C4 X R6 mixture were 1, 1.75, 1.125 and 0.937

in S. typhimurium, S. aureus, E. coli and B. cereus. The addition effect was

observed in B. cereus where, the FIC was 0.937. While, indifference effect

were observed in the rest of bacterial strains in the same mixture.

The FICs of C4 X T4 mixture was shown by Figure (45) the effect of the

mixture on the selected bacteria was indifference in all cases.

Last but not least, Figure (46) showed the relationship between irradiated

rosemary essential oil at dose 6 kGy and irradiated thyme essential oil at

dose 4 kGy (R6 X T4). All FICs represented indifference in S. typhimurium,

S. aureus, E. coli but the addition effect appeared in the case of B. cereus.

The promising observation in our investigation was none of these

combinations displayed a synergistic activity against the bacteria used in this

study except for the C0 X R0 mixtures in case of B. cereus and E. coli.

4.7. Antioxidant activity of essential oils:

Owing to the complex reactive facets of phytochemicals, the antioxidant

activities of plant extracts (essential oils) cannot be evaluated by only a

single method, but at least two test systems have been recommended for the

determination of antioxidant activity to establish authenticity (Schlesier et

al., 2002). There are many different methods for determining antioxidant

function each of which depends on a particular generator of free radicals,

acting by different mechanisms (Huang et al., 2005). The antioxidant

activity of essential oil is believed to be mainly due to their redox properties,

which play an important role in adsorbing and neutralizing free radicals,

quenching singlet and triplet oxygen, or decomposing peroxides (Amensour

et al., 2009).

For this reason the antioxidant activity of thyme, cumin and rosemary

essential oil was determined by DPPH radical scavenging method and

Rancimat test.
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Fig. (38): The isobole method describing the effect of non-irradiated cumin and rosemary essential oil mixtures against selected
bacterial strains
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(FIC = 2)
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Fig.(39):The isobole method describing the effect of non-irradiated cumin and thyme essential oil mixtures against selected
bacterial strains
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Fig. (40): The isobole method describing the effect of non-irradiated rosemary and thyme essential oil mixtures against selected
bacterial strains

(FIC = 1.25)(FIC = 1.5)

(FIC = 4) (FIC = 0.937)
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Fig.(41):The isobole method describing the effect of irradiated cumin (2kGy) and cumin (4kGy) essential oil mixtures against
selected bacterial strains
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Fig. (42): The isobole method describing the effect of irradiated cumin (2kGy) and rosemary (6kGy) essential oil mixtures
against selected bacterial strains

(FIC = 1. 5)

(FIC = 2)

(FIC = 1.5)

(FIC = 0.937)

182



183

0.00.10.20.30.40.50.6
0.0

0.1

0.2

0.3

0.4

0.5

0.6

S. typhim
urium

Concentration of Irradiated Cum
in E.O. - 2kGy - (m

g/m
l)

Concentration of Irradiated Thyme E.O. - 4kGy - (mg/ml)

(C2 X T4)
Indifference

0.00.10.20.30.40.50.6

0.1

0.2

0.3

0.4

0.5

0.6

B. cereus

Concentration of Irradiated Cum
in E.O. - 2kGy - (m

g/m
l)

Concentration of Irradiated Thyme E.O. - 4kGy - (mg/ml)

(C2 X T4)

Indifference

0.00.10.20.30.40.50.6
0.0

0.1

0.2

0.3

0.4

0.5

0.6

S. aureus

Concentration of irradiated Cuim
n E.O. - 2kGy - (m

g/m
l)

Concentration of irradiated Thyme E.O. - 4kGy - (mg/ml)

(C2 X T4)

Indifference

0.00.10.20.30.40.50.6
0.0

0.1

0.2

0.3

0.4

0.5

0.6

E. coli

Concentration of Irradiated Cum
in E.O. - 2kGy - (m

g/m
l)

Concentration of Irradiated Thyme E.O. - 4kGy - (mg/ml)

(C2 X T4)

Indifference (FIC =1. 5)

(FIC =2)

(FIC =1.5)

(FIC =1.5)

Fig. (43):The isobole method describing the effect of irradiated cumin (2kGy) and thyme (4kGy) essential oil mixtures against
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Fig. (44): The isobole method describing the effect of irradiated cumin (4kGy) and rosemary (6kGy) essential oil mixtures
against selected bacterial strains
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Fig.(45):The isobole method describing the effect of irradiated cumin (4kGy) and thyme (4kGy) essential oil mixtures against
selected bacterial strains
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Fig. (46): The isobole method describing the effect of irradiated rosemary (6kGy) and thyme (4kGy) essential oil mixtures
against selected bacterial strains
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4.7.1. Preliminary selection experiment:

A set of experiments were conducted to detect the proper concentration of

cumin, rosemary and thyme essential oil which mixed with sunflower oil.

The acceptable level for this system is shown by Figures (47, 48 and 49)

and tabulated in Table (31).

Statistical analysis demonstrated that the odor of all  of sunflower oil

supplemented with cumin , rosemary and thyme essential oil used in this

experiment were significantly different compared to control sunflower oil

(without essential oil) but, the odor of cumin essential oil appears in

sunflower oil at concentration 0.3 % and more (0.4 % and 0.5 %) with

significant differences. Thus, the concentration of cumin essential used in

our study is 0.4%, this concentration represented higher acceptable odor.

Cuminaldehyde, menthane derivatives, γ-terpinene, ρ-cymene and β-

pinene are major components of many essential cumin oils and are mainly

responsible for the aroma and biological effects (Lis-Balchin et al., 1998b).

On the other hand, the concentrations of rosemary essential oil

represented significantly differences compared to sunflower oil without

adding any essential oil. But the concentration of rosemary essential oil 0.2%

showed very weak odor according to (El-Baroty, 1988). In addition, thyme

essential oil represented very weak odor at concentration of 0.1%. Thus, the

final concentration of adding cumin, rosemary and thyme essential oil were

0.4%, 0.2% and 0.1%, respectively.

According to Table (32) which presented the olfactive note of the main

essential oil constituents, it could be summarized that the odor of all essential

oil produced from the complex chemical structure. Meanwhile, cumin

essential oil has cuminaldehyde, γ-terpinene, α-terpinen-7-al, γ-terpinene-7-

al and β-pinene as main components in the present study. Cuminaldehyde

(24.93%) present a smell of sharp and oily. These results are in agreement
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with (Sigma-Aldrich, 2001 and Lucchesi et al., 2004a). This note might by

acceptable and common for the Egyptian panelists.

Rosemary essential oil have 1,8-cineol, α-pinene, camphene, limonene

and camphor in concentrations 33.2%, 17.1%, 6.35%, 5.93% and 29.74%.

These compounds tend to have herbaceous aroma especially, in the presence

of 1,8-cineol and camphor, the finding is in the similar with (Lucchesi et al.,

2004b). Concerning with thyme, the main components of it essential oil

are ρ-cymene, γ-terpinene and thymol, which have concentration of

33.6%, 13.1% and 31.3%, respectively. These main compounds have

herbaceous note and might be warm and sweaty, the

Table (31): Mean of acceptable levels and standard errors for cumin,
rosemary and thyme essential oils added to sunflower oil

Concentration

(%)

Threshold score

Cumin essential
oil

Rosemary
essential oil

Thyme essential
oil

0.0 0.50C ± .019 0.78B ± 0.15 0.44C ± 0.18

0.1 1.00BC ± 0.27 1.89A ± 0.39 1.44B ± 0.29

0.2 0.75BC ± 0.25 1.78A ± 0.22 1.44B ± 0.29

0.3 1.50AB ± 0.19 2.22A ± 0.28 1.67B ± 0.33

0.4 1.50AB ± 0.27 2.22A ± 0.28 2.56A ± 0.18

0.5 2.00A ± 0.19 2.44A ± 0.24 2.11AB ± 0.26

Each value represents the mean ± S.E., The mean value with different superscript
alphabets in a row indicate significant differences (P< 0.05) using LSD test,
Threshold value refers to the minimum concentration at which stimulus is easily
characterized, The aroma was sniffed by 13 judgers, The intensity of odor was
described according to the follow scale (0 = no odor, 1 = very weak odor, 2 = higher
acceptable odor and 3 = non acceptable odor)
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Fig.(47):Acceptablelevel of adding cumin essential oil tosunflower oil
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Fig. (48): Acceptable level of adding rosemary essential oil to sunflower oil
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Fig.(49):Acceptablelevel of adding thyme essential oil to sunflower oil
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Table (32): Main components and olfactive notes of cumin, rosemary and thyme essential oil either
irradiated or non-irradiated

Compounds Cumin Rosemary Thyme Olfactive note**
0 kGy 4 kGy 0 kGy 6kGy 0 kGy 4 kGy

α-Thujene 0.26 -- -- 0.48 2.52 0.3 Weak minty, camphoraceous

α-Pinene 0.98 0.18 17.1 13.33 1.92 0.21 Warm, resinous and refreshing

Camphene -- -- 6.35 -- 0.76 0.08 Camphoraceous

β-Pinene 17.44 3.82 0.92 -- 0.5 0.57 Smell of dry wood, resinous, slightly
clinging

Sabinene 0.43 0.13 0.92 -- -- -- Fresh, citrus-note, spicy

Myrcene 0.68 0.28 0.97 0.82 2 -- Citrus-note, spicy

α-Phellandrene -- 0.35 -- 0.35 0.76 -- Minty, herbaceous

α-Terpinene 0.42 0.09 0.53 0.58 0.17 0.47 Weak herbal

ρ-Cymene 6.72 6.43 0.63 7.52 33.6 12.11 Citrus fruit note, reminiscent of lemon
and bergamot

o-Cymene 0.09 -- -- -- -- -- Herbal

Limonene -- -- 5.93 15.37 2.06 -- Fresh, citrus, sweet, lemon

Δ-3-Carene -- -- 0.22 -- 0.33 -- Sweet, weak lime-like

1,8-Cineol -- -- 33.2 22.33 -- -- Fresh, light, freshly camphorated

γ-Terpinene 19.49 12.97 0.27 0.26 13.1 6.98 Herbaceous, smell of citrus fruit

Terpinolene -- -- 0.12 0.58 -- -- Plastic-like

α-Linalool -- -- 1.38 -- 0.87 2.41 Fresh and floral with a slight note of citrus
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Table(32):Continued

Terpineol0.17--2.911.161.240.83Delicately floral and sweet

Camphor----14.529.74----Camphor

Citronelol1.61.61--0.62----Rose-like

Borneol----0.48--0.292.78Camphor-like

Cuminaldehyde24.9333.65--------Sharp, acid, woody, oily

α-Terpinene-7-al10.55
37.98

--------Fresh, spicy

γ-Terpinene-7-al14.88--------Fresh, spicy

Geraniol----2.79--0.350.2Citrus-and rose-like

Thymol--------31.764.06Strong, herbaceous, warm, ferly clinging,
medicinal and sweet

Carvacrol0.15------3.160.1Medicinal, herbal, sweet

**Odour description using GC-sniffing technique, partly in correlation with published data(Sigma-Aldrich,
2001 and Lucchesiet al., 2004a).
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Egyptian panelists might be rejected the grassy or herbaceous aroma found in

the rosemary and thyme essential oil.

Our results come to agreement with previous observation with Bousbia et

al. (2009) who mentioned that the essential oil of rosemary obtained by

hydro-distillation had freshly camphorated and citrus, boiled odor and

different from fresh herb.

Previous studies are consistent with present findings; they have also

shown that high concentrations of plant essential oil, which are required to

achieve antibacterial activity against food-borne pathogens, could not be

applicable to foods due to adverse organoleptic properties (Burt, 2004 and

Holley and Patel, 2005).

4.7.2. Rancimat test:

The oxidative stability is a direct evidence for changes in oxidation

resistance (Rossel, 1989). The results in Table (33) revealed that the

oxidative stability of sunflower oil without any antioxidants neither natural

nor synthetic (control) was 8.31 hr (100 % stability). While, BHT as a

synthetic antioxidant raises the oxidative stability to 162.5%. on the other

hand, addition of 0.2% rosemary essential oil to sunflower oil at different

irradiation doses caused slight increment in the relative stability of sunflower

essential oil and that increments were 101.8%, 105.8%, 107.3% and 107.3%

at irradiated dose 0, 2, 4 and 6 kGy, respectively.

Moreover, addition of 0.4% cumin essential oil to sunflower oil

increased the oxidative stability to 112.7% and 114.1% at irradiated doses 2

kGy and 4 kGy, respectively compared to control one (addition of non-

irradiated cumin essential oil) which represented the oxidative stability

106.6%. But the irradiation dose 6 kGy revealed that the oxidative stability

105.8%.
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Thyme essential oil at dose 0.1% showed that the oxidative stability of

sunflower oil increased due to increase irradiation doses. However, the

oxidative stability was 112.3%, 113.5% and 122.7% at doses of 0, 2, and 4

kGy while, irradiation dose 6 kGy decrease the oxidative stability (111.7%)

compared to other used irradiation doses. The reason to high oxidative

stability of adding thyme essential oil may be related to the chemical

composition of thyme essential oil which has thymol caused preventing the

heat-induced loss of α-tocopherol contained in sunflower oil, thus inhibiting

or retarding its oxidation and/or polymerization (Bensmira et al., 2007) or

may be related to thymol content which play an important free radical

scavenger (Vardar-Ünlü et al., 2003).

Thus, the addition of essential oil either irradiated or non-irradiated at

the previous concentrations caused detectable increments in the relative

stability but not like 0.02% BHT, which represents the highest relative

oxidative stability.

Arici et al. (2007) found a negative correlation between rancimat

value and irradiation doses but up to 10 kGy. Rancimat value decreased non-

significantly up to irradiation dose 2.5 kGy. According to this data, at the

beginning, while the oil of the sample which is not exposed to irradiation had

a resistance time of 7.72 hours, the highest value; it was found that related to
the irradiation doses, induction time of the sample’s oils decreased and the
lowest value of the oil of the sample of 10 kGy was recorded as 0.62 hours.

It was found that the effect of irradiation exposure on the rancimat rate of

black cumin seed samples was statistically significant (p<0.01).
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Table (33): Effect of different concentrations of rosemary, thyme and cumin essential oils either irradiated or non-
irradiated on the oxidative stability of sunflower oil assessed by Rancimat test

Irradiation Treatments Control
Sunflower oil

(SFO)

SFO  +

0.02 % BHT
0 kGy 2 kGy 4 kGy 6 kGy

Stability
(hrs)

Relative
Stability

(%)

Stability
(hrs)

Relative
Stability

(%)

Stability
(hrs)

Relative
Stability

(%)

Stability
(hrs)

Relative
Stability

(%)

Stability
(hrs)

Relative
Stability

(%)

Stability
(hrs)

Relative
Stability

(%)

SFO + 0.2% IREO 8.46 101.8 8.80 105.8 8.92 107.3 8.92 107.3

8.31 100 13.5 162.5SFO + 0.1% ITEO 9.33 112.3 9.43 113.5 10.20 122.7 9.28 111.7

SFO + 0.4% ICEO 8.86 106.6 9.37 112.7 9.48 114.1 8.80 105.9

SFO = Sunflower oil, IREO = Irradiated Rosemary Essential Oil, ITEO = Irradiated Thyme Essential Oil, ICEO = Irradiated
Cumin Essential Oil
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4.7.3. DPPH radical scavenging method:

The molecule of 2,2-diphenyl-1-picrylhydrazyl (DPPH): Figure (50) is

characterized as a stable free radical by virtue of the delocalization of the

spare electron over the molecule as a whole, so that the molecules do not

dimerise, as would be the case with most other free radicals. The

delocalization also gives rise to the deep violet colour, characterized by an

absorption band in ethanol solution centered at about 520 nm.

When a solution of DPPH is mixed with that of a substance that can

donate a hydrogen atom, then this gives rise to the reduced form Figure (51)

with the loss of this violet colour (although there would be expected to be a

residual pale yellow colour from the picryl group still present). Representing

the DPPH radical by Z• and the donor molecule by AH (antioxidant), the

primary reaction is:

Z• + AH = ZH + A• …………………. [1]

Where ZH is the reduced form and A• is free radical produced in this first

step. This latter radical will then undergo further reactions which control the

overall stoichiometry, that is, the number of molecules of DPPH reduced

(decolorized) by one molecule of the reductant. The reaction [1] is therefore

intended to provide the link with the reactions taking place in an oxidizing

system, such as the autoxidation of a lipid or other unsaturated substance; the

DPPH molecule Z• is thus intended to represent the free radicals formed in

Fig. (50): Diphenyl-2-picrylhydrazyl Fig. (51): Diphenyl-2-picrylhydrazyl
(Free Radical) (Non-Radical)
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the system whose activity is to be suppressed by the substance AH,

(Molyneux, 2004).

4.7.3.1. Individual essential oils:

4.7.3.1.1. Scavenge activity of cumin essential oil:

All of the assessed samples were able to reduce the stable, purple-colored

radical DPPH into yellow-colored DPPH-H. The obtained data are

represented by Figures (52, 53 and 54) and tabulated in Table (34).

Figure (52) and Table (34) show the DPPH scavenging activity changes

of non-irradiated and irradiated cumin essential oil. Irradiation resulted in a

slight increase (76.49% and 76.16%) in the DPPH radical-scavenging ability

of the cumin essential oil at doses 2 and 4 at concentration 200 ppm

compared to 6 kGy (66.75%) which represented slight decrease, compared

with non-irradiated essential oil. The same finding was found in the

concentration 500 ppm. These finding was in the same line with Kim et al.,

2009 who found that the scavenging activity was increased slightly after

irradiation with 1, 3, 5, and 5kGy. On the other hand, at concentration of 300

and 400 ppm slight decrease was observed after irradiation doses 2, 4, and 6

kGy.

Comparing with BHT, all previous results obtained in both irradiated and

non-irradiated cumin essential oil are less than in scavenging activity of BHT

where, represented 95.14%, 95.86%, 96.23 and 97.70% in the concentration

200, 300, 400 and 500 ppm, respectively. However, the highest scavenging

activity of non-irradiated cumin essential oil was found at 500 ppm

concentration, while the highest concentration of
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Table (34): Effect of gamma irradiation on the DPPH scavenging activity of

cumin, rosemary and thyme essential oil

Irradiation
doses

Concentration in ppm

200ppm 300ppm 400ppm 500ppm

% of DPPH Scavenging activity

BHT 95.14 95.86 96.23 97.70

Cumin
essential

oil

0 kGy 74.78 79.25 80.41 81.20

2 kGy 76.49 77.10 78.14 83.45

4 kGy 76.16 78.47 79.85 88.24

6 kGy 66.75 77.99 82.98 84.79

Rosemary
essential

oil

0 kGy 72.23 76.96 88.26 89.01

2 kGy 86.61 87.13 88.59 89.52

4 kGy 81.60 88.54 92.24 93.07

6 kGy 78.28 90.98 94.03 97.41

Thyme
essential

oil

0 kGy 90.77 93.09 94.07 95.59

2 kGy 93.22 93.94 95.90 96.24

4 kGy 96.34 97.15 97.83 98.40

6 kGy 90.51 90.54 92.38 95.86

DPPH = 1,1-diphenyl-2-picrylhydrazyl, BHT = Buteylated Hydroxyl

Toluene, ppm = part per million, kGy = kilo Gray
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irradiated cumin essential oil was found at 4 kGy at 500 ppm concentration.

Furthermore, Singh et al. (2005) found that the scavenging activity of

cumin essential oil at 25µl was about 64% and it was lower than BHT which

represents scavenging activity at the same concentration about 85%.

The obtained data are in agreement with Fakoor and Rasooli (2008)

reported that Cuminum cyminum and Rosmarinus officinalis essential oils

notably reduced the concentration of DPPH free radical, with an efficacy

lower than that of reference oil Thymus x-porlock (69.29% inhibition) and

slightly lower than that of Trolox. The performance of the rosemary oil was

better than that of Cuminum cyminum.

In addition, Hajlaoui et al. (2010) found that Cuminum cyminum

essential oils gave interesting results in terms of both antimicrobial activity

and ability to neutralize free radicals and prevent unsaturated fatty acid

oxidation.

4.7.3.1.2. Scavenge activity of rosemary essential oil:

As shown in Table (34), rosemary essential oil represented that the

scavenging activity of irradiated rosemary essential oil is gradually increased

compared to non-irradiated essential oil. In addition, essential oil irradiated

with 6 kGy represented the highest scavenging activity 90.98%, 94.03% and

97.41% at concentrations 300, 400 and 500 ppm, respectively. Concentration

200 ppm of irradiated essential oil at dose 6 kGy showed the lowest

scavenging activity (78.28%) of all irradiated samples. Meanwhile, the

scavenging activity of irradiated rosemary essential oil at concentration 500

ppm (97.41%) is almost as in BHT at the same concentration 500 ppm

(97.70%).

Regarding the chemical composition of both non-irradiated essential oil

and irradiated essential oil as shown in Table (37) and illustrated by Figure

(53). Some chemical constituents are increased and other decreased.
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Camphor is one of the chemical components which represent a great increase

in irradiated essential oil at dose 6 kGy (from 14.5% to 29.74%). As appoint

of view, camphor possess to be an oxygenated compound which has an

antioxidant activity. The obtained results are completely agreed with (Wang

et al., 2008) who found the significant high contents of compounds, such

camphor and borneol in extracts from rosemary taken at the flowering stage

might be in part in the elevation of the antioxidant capacity.

Moreover, the scavenging activity of Ecuadorian rosemary essential oil

was about 64.5% this percentage was higher twice than trolox (28.2%)

(Sacchetti et al., 2005) that increasing was the reason of the higher

percentage of α-pinene, 1,8-cineol and camphor. In addition, Yosr et al.,

(2013) found that the essential oil of rosemary cultivated Tunisia were

characterized by high amount of camphor (14.5%), 1,8-cineol (35.8%) and α-

pinene (10.6%) this percentage caused increased antioxidant activity of

rosemary essential oil. Thus, 6 kGy represent the highest scavenging activity

of all irradiation doses used at concentration of 300, 400 and 500 ppm.

4.7.3.1.3. Scavenge activity of thyme essential oil:

Thyme essential oil showed the greatest antioxidant activity in all

essential oil used in our present study. Data are tabulated in Table (34) and

Figure (54). The scavenging activity of non-irradiated thyme essential oil

was increased from 90.77% at 200 ppm to 93.09%, 94.07% and 95.59% at

concentrations 300ppm, 400ppm and 500ppm, respectively. In addition,

irradiation doses 2 kGy and 4 kGy represent a gradually increase in the

scavenging activity. Where, the scavenging activity was 93.22%, 93.94%,

95.90 and 96.24% at dose 2 kGy in concentrations 200ppm, 300ppm,

400ppm and 500ppm, respectively. While it was 96.34%, 97.15% 97.83%

and 98.40% at dose 4 kGy in concentrations 200ppm, 300ppm, 400ppm and

500ppm, respectively.
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On the contrary, irradiation dose 6 kGy reduce the scavenging activity to

90.51%, 90.54%, 92.38 and 95.86% in concentrations 200ppm, 300ppm,

400ppm and 500ppm, respectively.

Chemical composition of the thyme essential oil as shown in Table (37) is

showed noticeable increments and decrements in the chemical composition

of thyme essential oil related to irradiation dose. As appoint of view, the

increments of some chemical constituents – which classified as oxygenated

compounds - due to irradiation such as; linalool (from 0.87% at 0 kGy to

2.41% at 4kGy), borneol (from 0.29% at 0kGy to 2.78% at 4kGy), the

reason of increase scavenging activity constituents of rosemary essential oil

is due to the high percentage of borneol and other chemicals (Wang et al.,

2008) and thymol (from 31.7% at 0 kGy to 64.06% at 4kGy). The last

component and carvacrol were the predominant compounds and the

antioxidant and antimicrobial properties of thyme and many essential oils are

related to the these compounds (Sacchetti et al., 2005; Teixeira et al., 2013;
Turek and Stintzing, 2012 and Viuda-Martos et al., 2011).

On the other hand, irradiation dose 4 kGy showed the highest scavenging

activity even rather than BHT at the same concentrations. Where, the

scavenging activity of BHT at 200ppm, 300ppm, 400ppm and 500ppm were

95.14%, 95.86%, 96.23% and 97.70%, respectively. While, the scavenging

activity of irradiated thyme at 4 kGy was 96.34%, 97.15% 97.83% and

98.40%, respectively. The scavenging activity of Thymus vulgaris essential

oil (75.6%) were higher than those obtained by Cananga odorata,

Cymbopogon citratus, Rosmarinus officinalis and Curcuma longa (Sacchetti

et al., 2005). The mode of action of carvacrol, one of the major components

of oregano and thyme oils, appears to have received the most attention from

researchers. Thymol is structurally very similar to carvacrol, having the

hydroxyl group at a different location on the phenolic ring. Both substances

appear to have antioxidant activity (Lambert et al., 2001).
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Miguel (2010) reported that the phenolic compounds (thymol and

carvacrol) are known for their properties to scavenge free radicals and to

inhibit lipid oxidation. These compounds exhibit in vitro and in vivo

antioxidant activity, inhibiting lipid peroxidation by acting as chain-breaking

peroxyl-radical scavengers. In addition, phenols directly scavenge reactive

oxygen species (hydroxyl radicals, peroxynitrite and hypochlorous acid).

4.7.3.2. Mixtures essential oils:

4.7.3.2.1. Mixtures made from non-irradiated essential oils:

Data tabulated in Table (35) and illustrated by Figure (55) showed that

the scavenging activity of mixtures made from non-irradiated cumin essential

oils and non-irradiated rosemary essential oil were less than the scavenging

activity of individual essential oil. Where, the scavenging activity of the

C0 X R0 mixture was 67.25%, 71.01%, 75.41% and 76.16% in the

concentrations 200ppm, 300ppm, 400ppm and 500ppm, respectively.

On the contrary, the scavenging activity of cumin essential oil was lower

than that obtained by the C0 X T0 mixture (Figure, 56). But, the scavenging

activity of thyme essential oil was higher than the C0 X T0 mixture. The

antioxidant effect is due to the presence of thymol and carvacrol, but a

possible synergistic effect among oxygen containing compounds can be

suggested too.

These results indicate that the thyme essential oil could be in use as

potential resource of natural antioxidants for food industry so that it is

interesting to examine its application as natural antioxidant additive in some

final food products (Kulisic et al., 2004).

While, the scavenging activity of the R0XT0 mixture was 80.24%,

87.89%, 89.74% and 89.9% in the concentrations 200 ppm, 300 ppm, 400

ppm and 500 ppm, respectively. Regarding to the Table (35) and Figure

(57), the scavenging activity of rosemary essential oil is lower than that
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obtained by the mixture while the thyme essential oil has higher scavenging

activity compared to the mixture. But both individual essential oil and their

mixture have lower scavenging activity than the scavenging obtained by

BHT.

Table (35): Effect of gamma irradiation on the DPPH scavenging activity of
mixture made from cumin, rosemary and thyme essential oils

Concentration in ppm

200ppm 300ppm 400ppm 500ppm

% of DPPH Scavenging activity

BHT 95.14 95.86 96.23 97.70

C0 X R0 67.25 71.01 75.41 76.16

C0 X T0 81.5 83.87 88.23 93.51

R0 X T0 80.24 87.89 89.74 89.9

C0 = non-irradiated cumin essential oil, R0 = non-irradiated rosemary essential oil,

T0 = non-irradiated thyme essential oil, DPPH = 1,1-diphenyl-2-picrylhydrazyl,

BHT = Buteylated Hydroxyl Toluene, ppm = part per million, kGy = kilo Gray
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4.7.3.2.2. Mixtures made from irradiated essential oils:

The scavenging activity of irradiated essential oils of cumin, rosemary

and thyme and their mixtures were tabulated in Table (36) and illustrated by

Figures (58, 59, 60, 61, 62 and 63).

As shown in Table (36) and Figures (58, 59, 60, 61, 62 and 63), data

showed that the scavenging activity of mixture made from irradiated (2 kGy)

cumin essential oil (C2) and irradiated (4 kGy) cumin essential oil (C4),

mixture made from irradiated (2 kGy) cumin essential oil (C2) and irradiated

(6kGy) rosemary essential oil (R6), mixture made from irradiated (4 kGy)

cumin essential oil (C4) and irradiated (6 kGy) rosemary essential oil (R6)

and mixture made form irradiated (6 kGy) rosemary essential oil (R6) and

irradiated (4 kGy) thyme essential oil (T4), was lower than all individual

irradiated essential oils. In addition, all previous essential oils either

individual or in mixtures have lower scavenging activity than BHT except

irradiated thyme essential oil where, tends to have a higher scavenging

activity than BHT.

Only mixtures, Table (36) and Figures (60 and 62) made from both

irradiated (2kGy) cumin essential oil (C2) and irradiated (4kGy) thyme

essential oil (C4), and irradiated (4kGy) cumin essential oil (C4) and

irradiated (4kGy) thyme essential oil (T4), represent a higher scavenging

activity than both irradiated cumin essential oil at dose 2kGy and 4kGy. But,

lower than the irradiated thyme essential oil which possess to have a higher

scavenging activity even above BHT.

All above mentioned data could be summarized in, the irradiation doses

which used in the present study possess to be promising doses in that

essential oil especially in thyme which represents a great stability to the

effect of irradiation doses as mentioned by (Fazakerley et al., 1961).

Concerning with the mixtures made from irradiated thyme essential oil,

the mixture of irradiated thyme essential oil and irradiated essential oil is
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better than the mixture of irradiated thyme essential oil and rosemary where,

at concentration of 500 ppm the scavenging activity of the C4 X T4 and C2 X

T4 mixtures were 92.5% and 94.71% compared to the mixture of R6 X T4

which has scavenging activity 87.08%. As a point of view, the chemical

composition of irradiated thyme essential oil as shown in Table (4) showed

that the percentage of oxygenated compounds was 70.71% while the

hydrocarbon percentage was 20.83%.

Meanwhile, irradiated cumin essential oil at dose 4 kGy has an

oxygenated compound percentage 73.73% and hydrocarbon compound

percentage 24.60%. On the other hand, irradiated rosemary essential oil

showed lower percentage of oxygenated compound 25.77% and higher

percentage in hydrocarbon content 69.29%.

That finding might be responsible for a synergistic effect between the

essential oils that have a high content of oxygenated compounds. The

obtained data are in agreement with (Kulisic et al., 2004) who found that the

fractions CHO (oxygenated compounds) were the most potent antioxidant

suggesting that the antioxidant activity of oregano essential oil is due to more

polar constituents. Among these, the fact that CHO fractions are more

effective as antioxidant than phenolic fraction or its pure constituents thymol

and carvacrol suggests that the synergy among minor oxygen containing

compounds has determining role. On the other hand, the less effectiveness of

total oil in comparison with CHO fraction may be due to smaller

concentration of oxygen containing compounds in total oil and because of

the presence of the hydrocarbons, which showed the lowest antioxidant

activity when isolated as CH (Hydrocarbon compounds) fraction.
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Table (36): Effect of gamma irradiation on the DPPH scavenging activity of
mixture made from cumin, rosemary and thyme essential oils

Concentration in ppm

200ppm 300ppm 400ppm 500ppm

% of DPPH Scavenging activity

BHT 95.14 95.86 96.23 97.70

C2 X C4 64.48 67.62 71.65 73.34

C2 X R6 64.69 68.3 71.27 71.95

C2 X T4 80.02 83.94 84.14 94.71

C4 X T4 82.33 83.55 89.74 92.5

C4 X R6 64.32 68.13 73.86 86.3

R6 X T4 78.52 81.61 83.95 87.08

C2 = irradiated cumin essential oil at dose 2kGy, C4 = irradiated cumin essential oil

at dose 4kGy, T4 = irradiated thyme essential oil at dose 4kGy, R6 = irradiated

rosemary essential oil at dose 6kGy, DPPH = 1,1-diphenyl-2-picrylhydrazyl, BHT

= Buteylated Hydroxyl Toluene, ppm = part per million, kGy = kilo Gray
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Fig. (58): The reduction of alcoholic DPPH solutions: the rate of hydrogen donation ability of irradiated cumin and cumin
essential oils combination and of synthetic antioxidant (BHT)
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4.8. Chemical composition of irradiated essential oil:

After all previous preliminary experiments made to select the

recommended gamma irradiation doses either in antimicrobial trail or

antioxidant trail, the chemical constituents of cumin, rosemary and thyme

essential oils after irradiation were fractionated and identified by gas

chromatography and mass spectroscopy technique (GC/MS).

4.8.1. Chemical composition of irradiated cumin essential oil (4 kGy):

The essential oil obtained from cumin seeds by steam distillation was

irradiated at dose 4 kGy. In comparison with the chemical composition of

non-irradiated essential oil, ten chemical groups were fractionated and

identified. The obtained data are tabulated in Table (38) and illustrated by

Figure (64).

From these results it could be indicated that 18 compounds were isolated

from irradiated cumin essential oil. The identified compounds (14) accounted

for 98.33% of the composition of cumin essential oil. The remaining portion

1.67% was representing 4 unknown constituents.

By the comparison of the data given in Tables (37) it could be indicated

that the chemical composition of the oil of cumin essential oil (control)

differs from irradiated cumin essential oil in a few changes. Some chemical

compounds completely disappeared form irradiated essential oil such as; α-

thujene and carvacrol. While, a few chemical constituents decreased from

non-irradiated cumin essential oil (0 kGy) to irradiated cumin essential oil (4

kGy); γ-terpinene (– 6.52%) and β-pinene (– 13.62%) as shown in Table

(37).

On the other hand, irradiation of cumin essential oil led to great increase

in the content of cuminaldehyde which is defined as a predominant

compound of cumin essential oil from 24.93% (0 kGy) to 37.98% (4 kGy) by
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Compounds Cumin Percentage of
increase (+) or

decrease (-)

Rosemary Percentage of
increase (+) or

decrease (-)

Thyme Percentage of
increase (+) or

decrease (-)
0 kGy 4 kGy 0 kGy 6kGy 0 kGy 4 kGy

α-Thujene 0.26 -- – 0.26 -- 0.48 + 0.48 2.52 0.3 – 2.22

α-Pinene 0.98 0.18 – 0.80 17.1 13.33 – 3.77 1.92 0.21 – 1.71

Camphene -- -- -- 6.35 -- – 6.35 0.76 0.08 – 0.68

β-Pinene 17.44 3.82 – 13.62 0.92 -- –0.92 0.5 0.57 + 0.07

Sabinene 0.43 0.13 – 0.30 0.92 -- – 0.92 -- -- --

Myrcene 0.68 0.28 – 0.40 0.97 0.82 – 0.15 2 -- – 2.00

α-Phellandrene -- 0.35 + 0.35 -- 0.35 + 0.35 0.76 -- – 0.76

α-Terpinene 0.42 0.09 – 0.33 0.53 0.58 + 0.05 0.17 0.47 + 0.30

ρ-Cymene 6.72 6.43 -- 0.63 7.52 + 6.89 33.6 12.11 – 21.49

o-Cymene 0.09 -- – 0.09 -- -- -- -- -- --

Limonene -- -- -- 5.93 15.37 + 9.44 2.06 -- – 2.06

Δ-3-Carene -- -- -- 0.22 -- – 0.22 0.33 -- – 0.33

1,8-Cineol -- -- -- 33.2 22.33 – 10.9 -- -- --

γ-Terpinene 19.49 12.97 – 6.52 0.27 0.26 – 0.01 13.1 6.98 – 6.12

Table (37): Chemical components of cumin, rosemary and thyme essential oil before and after irradiation
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Table (37): Continued
Terpinolene -- -- -- 0.12 0.58 + 0.46 -- -- --

α-Linalool -- -- -- 1.38 -- – 1.38 0.87 2.41 + 1.54

Terpineol 0.17 -- – 0.17 2.91 1.16 – 1.75 1.24 0.83 – 0.41

Camphor -- -- -- 14.5 29.74 + 15.24 -- -- --

Citronelol 1.60 1.61 + 0.01 -- 0.62 + 0.62 -- -- --

Borneol -- -- -- 0.48 -- – 0.48 0.29 2.78 + 2.49

Cuminaldehyde 24.93 33.65 + 8.72 -- -- -- -- -- --

α-Terpinene-7-al 10.55
37.98 + 12.55

-- -- -- -- -- --

γ-Terpinene-7-al 14.88 -- -- -- -- -- --

Geraniol -- -- -- 2.79 -- – 2.79 0.35 0.2 – 0.15

Thymol -- -- -- -- -- -- 31.7 64.06 + 32.36

Carvacrol 0.15 -- – 0.15 -- -- -- 3.16 0.1 – 3.06
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Table (38): Chemical composition of irradiated cumin (Cuminum cyminum)
essential oil (4kGy)

Compounds Peak Number by Figure (64) %
Aliphatic terpenes
-Myrcene 4 0.28
Total  0.28
Monocyclic terpenes
α-Phellandrene 5 0.35
Sabinene 2 0.13

-Terpinene 6 0.09

-Terpinene 8 12.97
Total 13.54
Bicyclic terpenes
-Pinene 1 0.18

-Pinene 3 3.82
Total 4
Aliphatic alcohols
Citranellol 10 1.61
Total 1.61
Cyclic terpene alcohols
ρ-menthen-4-ol 9 0.22
Total 0.22
Monotcyclic terpene aldehyde
phellandral 12 0.27
Total 0.27
Aromatic hydrocarbons
ρ-Cymene 7 6.43
Total 6.43
Monocyclic terpene aldehyde
Cuminaldehyde 11 33.65
Total 33.65
Monoterpenes  aldehyde
Terpinene-7-al 13 37.98
Total 37.98
Sesquiterpene hydrocarbone
β-Bisabolene 14 0.35
Total 0.35
Total known 98.33
Total unknown 15, 16, 17, 18 01.67
Total oxygenated compounds 73.73
Total non-oxygenated compounds 24.60
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increase of (+ 8.72%) as shown in Table (37). The effect of irradiation

process could be resulted from chemical modification of terpenes including

the oxidative effect; this effect of irradiation process was degreed according

to the content of terpenes and other hydrocarbons in the essential oil. On the

olfactory evidence, the order of resistance to irradiation was aldehydes >

alcohols > ester > hydrocarbon > phenol. Regarding the effect of gamma

irradiation on the essential oil components, the decrease of hydrocarbons (γ-

terpinene and β-pinene) and the increase of oxygenated compounds

(cuminaldehyde) might be related to the resistant to irradiation where,

aldehydes are more stable to irradiation than hydrocarbons (Fazakerley et

al., 1961).

In addition, irradiation with gamma rays at dose 10 and 25 kGy in

caraway essential oil led to increase the percentage amount of

cuminaldehyde from 20.90% to (23.53% and 22.08%), respectively as

mentioned by Fatemi et al. (2011).

4.8.2. Chemical composition of irradiated rosemary essential oil (6 kGy):

Rosemary essential oil is irradiated at dose 6 kGy then fractionated and

identified by GC/MS. In comparison with the chemical composition of non-

irradiated essential oil, ten chemical groups were fractionated and identified.

The obtained data are tabulated in Table (39) and illustrated by Figure (65).

From the data tabulated in Table (39) it could be indicated that 18

compounds were isolated from irradiated rosemary essential oil. The

identified compounds (15) accounted for 95.06% of the composition of
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Table (39). Chemical composition of irradiated rosemary (Rosmarinus
officinalis) essential oil (6 kGy)

Compounds Peak Number in Fig (65) %
Aliphatic terpenes
-Myrcene 3 0.82
Total  0.82
Monocyclic terpenes
α-thujene 1 0.48
α-phellandrene 4 0.35
Limonene 6 15.37

-Terpinene 7 0.26

-Terpinolene 8 0.58
Total 17.04
Bicyclic terpenes
-Pinene 2 13.33
Total 13.33
Cyclic ether monoterpene
1,8-Cineole 12 22.33
Total 22.33
Aliphatic alcohols
α-Citranellol 10 0.62
Total 0.62
Cyclic terpene alcohols
α-Terpineol 9 1.16
Total 1.16
Cyclic terpene ketone
Camphor 13 29.74
Total 29.74
Cycylic terpene alcohol
ρ-Menthen-8-Ol 11 1.66
Total 1.66
Aromatic hydrocarbons
ρ-Cymene 5 7.52
Total 7.52
Sesquiterpene hydrocarbons
Caryophyllene 17 0.66
α-Farnesene 18 0.18
Total 0.84
Total known 95.06
Total unknown 14, 15, 16 4.94
Total oxygenated compounds 25.77
Total non-oxygenated compounds 69.29
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rosemary essential oil. The remaining portion 4.94% was representing four

unknown constituents. Concerning minor chemical compounds in irradiated

rosemary essential oil as shown in Table (39), there were complete loss of

some chemical compounds such as; sabinene, α-terpinen, pinocarvone,

camphene, β-pinene and Δ-3-carene, borneol. Moreover, the fifth chemical

group which consists of linalool and geraniol completely disappeared. Also,

the group namely bicyclic ketone terpene (verbenone) and oxygenated

sequiterpene (Caryophyllene oxide) disappeared.

As shown in Table (39), prior to irradiated rosemary essential oil at dose

6 kGy, the linalool and α-terpineol content were decreased by 1.38% and

2.75%, respectively. The previous results are in the same line with Sjövall et

al., (1990) who found that irradiation with 10 and 50 kGy led to decrease of

the lialool and α-terpineol content by (4 - 13%). In addition, Fan and

Sokorai (2002) found that irradiated fresh cilantro leaves at doses 1, 2 and 3

kGy caused significantly decrease in the dodecanal, linalool and (E)-2-

cocecenal amount after 14 day.

The great increase of the content of ρ-cymene by 6.89% and limonene by

9.44% is due to the changes induced in terpenes by irradiation that could be

explained by oxidation or hydroxylation of aromatic rings in terpene

molecules (Sádecká, 2007). On the other hand, camphene and 1,8-cineol

decrease by 6.35% and 10.9%, respectively. Camarago et al. (2008) found

that the content of cineol in the essential oil of Turnera diffusa Wild was

decreased after exposure to different irradiation doses.

4.8.3. Chemical composition of irradiated thyme essential oil (4 kGy):

The essential oil obtained from thyme by steam distillation was irradiated

at dose 4 kGy. In comparison with the chemical composition of non-

irradiated    thyme    essential   oil,    nine   chemical    groups    were

fractionated and identified. The obtained data are tabulated in Table (40) and

illustrated by Figure (66).
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From the obtained results it could be indicated that 23 compounds were

isolated from irradiated thyme essential oil. The identified compounds (16)

accounted for 91.54% of the composition of thyme essential oil. The

remaining portion 8.46% was representing 7 unknown constituents.

The first group namely aliphatic terpenes (β-myrcene and β-ocimene)

which are founded in non-irradiated thyme essential oil completely

disappeared after irradiation of thyme essential oil at dose 4 kGy. That might

be related to oxidation or hydroxylation of aromatic rings in terpene

molecules (Sádecká, 2007).

Data represented in Table (40), illustrated in the second group namely

monocyclic terpenes, the content of α-Thujene, α-phellandrene, γ-terpinene

and limonene decreased by (– 2.22%, – 0.76%, – 6.12% and – 2.06%,

respectively) while, α-terpinene increased by + 0.30%.

Other minor chemical constituents represented few changes where, α -

pinene, campene, myrcene, Δ-3-carene, terpineol and geraniol decreased by

– 1.71%, – 0.68%, – 2%, – 0.33%, – 0.41% and – 0.15%. While, β-pinene, α-

linalool and borneol increased by + 0.07%, + 1.54% and + 2.49%.

The great decrease illustrated in the chemical group namely aromatic

hydrocarbons which consists of ρ-cymene where, ρ-cymene decreased from

33.6% to 12.11% by decreasing of – 21.49%. On the other hand, thymol

which is defined as predominant compound of thyme essential oil was

increased by + 32.36% from 31.7% in non-irradiated thyme essential oil to

64.06% in irradiated thyme essential oil at dose 4 kGy.

4.9. Application of adding cumin, rosemary and thyme essential oils and

their mixtures in food system:

Food is a rich environment for most bacteria. Food-borne illnesses caused

by consumption of food contaminated with pathogenic bacteria and/or their

toxins are a great problem in public health. Essential oils represent a source
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Table (40): Chemical composition of irradiated thyme (Thymus vulgaris)
essential oils (4 kGy)

Compounds Peak number in Fig (66) %
Monocyclic terpenes
-Thujene 1 0.3

-Terpinene 5 0.47

-Terpinene 7 6.98
Total 7.75
Bicyclic terpenes
-Pinene 2 0.21
Camphene 3 0.08
-Pinene 4 0.57
Total 0.86
Aliphatic alcohols
Linalool 9 2.41
Geraniol 14 0.2
Total 2.61
Aliphatic aldehyde
Geranial 14 0.21
Total 0.21
Cyclic terpene alcohols
Borneol 10 2.78
α-Terpineol 8 0.83
Total 3.61
Monoterpene phenol
Thymol 15 64.06
Carvacrol 16 0.1
Total 64.16
Monoterpene ester
Geranyl acetate 17 0.12
Total 0.12
Aromatic hydrocarbons
ρ-Cymene 6 12.11
Total 12.11
Sesquiterpene hydrocarbone
β-Caryophyllene 18 0.11
Total 0.11
Total known 91.54
Total unknown 11, 12, 19, 20, 21, 22, 23 8.46
Total oxygenated compounds 70.71
Total non-oxygenated compounds 20.83
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of natural antimicrobial substances and have the potential to be used in the

food industry as a preservative to prevent spoilage and to increase the shelf

life of products. The essential oils could also reduce side effects by their

replacement of chemical preservatives (Solórzano-Santos and Miranda-

Novales, 2012).

The essential oils have high efficiency against the food-borne pathogen

and spoilage microorganisms in liquid phase and in agar plates but this effect

in food is only achieved with higher concentration of essential (Burt, 2004,

Hulin et al., 1998 and Yamazaki et al., 2004). This fact may imply an

organoleptic impact, caused by altering the natural taste of the food by

exceeding the acceptable flavour thresholds (Nazer et al., 2005). Hence, for

reducing the sensory effect, one of the alternative approaches may be the use

of synergism between essential oils.

According to the preliminary experiment have been done in the preceding

section. The essential oil concentration used in the mayonnaise trail was as

follow; 0.5, 0.7 and 0.9% of cumin essential oil added to mayonnaise while,

rosemary essential oil in concentrations 0.3, 0.5 and 0.7% added to

mayonnaise. Thyme essential oil was added at concentrations 0.4, 0.6 and

0.8%.

A set of experiments were conducted to detect the proper concentration of

cumin, rosemary and thyme essential oil which mixed with mayonnaise. The

threshold level of odor for this system is shown by Figures (67, 68 and 69)

and tabulated in Table (41). In addition, the threshold level of the taste of

adding cumin, rosemary and thyme essential oils were illustrated by Figures

(70, 71 and 72)

Statistical analysis demonstrated that the odor of all of mayonnaise

supplemented with cumin, rosemary and thyme essential oil used in this

experiment were significantly different compared to each other. All

concentrations of essential oils were rejected by the panelist. However, the
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taste and odor used were higher and not acceptable. For instance, rosemary

and cumin essential oil has a bitter, astringent taste, which complements a

wide variety of foods (Jiang et al., 2011).

The ways in which essential oils are applied and the concentrations at

which they are used are important factors related to their effectiveness, and

in some circumstances, essential oils could be the cause of changes in

flavour, odour and other characteristics of food products. Past studies with

plant essential oil components used for flavouring show that some bacterial

species could be inhibited by direct application without affecting the flavour

of the food products (Du et al., 2011).

4.9.1. Effect of adding essential oils mixtures on the microbial total count

of mayonnaise:

Table (42) showed total microbial count of handmade mayonnaise

prepared from non-irradiated ingredients supplemented with essential oils

mixture at concentration 0.2%. The microbial load of mayonnaise was

measured as 5.6 X 104 cfu/g (colony forming unit/g). While, the addition of

C0 X R0 mixture reduce the microbial count to 42 X 101 cfu/g.

On the other hand, C0 X T0 mixture reduce the microbial load to 18 X 101

cfu/g this reduction of the total count might be related to the mode of action

of thyme essential oil especially in the acidic media. Where, thymol was

found to be more inhibitive at pH 5.5 than 6.5. At low pH the thymol

molecule would be undissociated and therefore more hydrophobic, and so

may bind better to the hydrophobic areas of proteins and dissolve better in

the lipid phase (Juven et al., 1994). The last finding was appeared in the case

of T4 X R6 and T0 X R0 mixtures where, the total count was 55 X 102 cfu/gm

and 23 X 102 cfu/gm, respectively.
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Table (41): Mean threshold values and standard errors for the odor of adding cumin, rosemary and thyme essential oils
to mayonnaise

Concentration
(%)

Threshold score
Cumin essential oil Rosemary essential oil Thyme essential oil

Aroma Taste Aroma Taste Aroma Taste
0.0 3.75B ± 0.31 4.33 C ± 0.33 3.71B ± 0.42 4.00B± 0.41 3.50B ± 0.43 4.00 B± 0.45
0.3 -- -- 5.14A ± 0.59 6.25A± 0.48 -- --
0.4 -- -- -- -- 6.83A ± 0.48 6.00A± 0.32
0.5 6.75A ± 0.59 6.33B± 0.33 5.43A ± 0.65 6.25A± 0.85 -- --
0.6 -- -- -- -- 7.08A ± 0.37 7.00A± 0.63
0.7 6.88A ± 0.29 7.67AB± 0.67 5.71A ± 0.68 7.00A± 0.41 -- --
0.8 -- -- -- -- 7.50A ± 0.56 6.80A± 0.86
0.9 7.13A ± 0.58 8.00A± 0.001 -- -- -- --

Each value represents the mean ± S.E., The mean value with different superscript alphabets in a row indicate significant differences
(P< 0.05) using LSD test, Threshold value refers to the minimum concentration at which stimulus is easily characterized, the aroma
and taste were sniffed and tasted by 13 judgers.
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Fig.(67):Threshold level of the odor of adding cumin essential oil to mayonnaise recipe
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Fig. (68): Threshold level of the odor of adding rosemary essential oil to mayonnaise recipe
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Fig.(69):Threshold level of the odor of adding thyme essential oil to mayonnaise recipe
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Fig. (70): Threshold level of the taste of adding cumin essential oil to mayonnaise recipe
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Fig.(71):Threshold level of the taste of adding rosemary essential oil to mayonnaise recipe
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Fig. (72): Threshold level of the taste of adding thyme essential oil to mayonnaise recipe

7.00A± 0.63

6.00A± 0.32

6.80A± 0.86

4.00B± 0.45

0

1

2

3

4

5

6

7

240



241

Mayonnaise supplemented with C4 X R6 mixture has total count 29 X 101

cfu/gm. Cumin essential oil has cuminaldehyde as a predominate compound.

However, antimicrobial activity of the cumin essential oil has been related to

cumin aldehyde and a-terpinen-7-al. In general, essential oils can exert their

antimicrobial activity via destructing the cell membranes (Tassou et al.,

2000).

As mentioned by Pajohi et al., 2011 the essential oil alone could not

inhibit the bacterial growth of B. cereus at 25°C in the barley soup. But it

could be appeared in the combination of cumin essential oil and nicin. The

cumin essential oil could not damage bacterial cell wall, but extensive

destruction was detected in the cell walls and cytoplasm of the bacteria

treated with the cumin essential oil in combination with nicin.

Table (42): Total count of the handmade mayonnaise supplemented with

essential oils mixture
101 102 103 104 105

Control 81 73 56 5.6 N.D.
C0 X R0 42 N.D. N.D. N.D. N.D.
C0 x T0 18 N.D. N.D. N.D. N.D.
T0 X R0 31 55 N.D. N.D. N.D.
C4 X R6 29 N.D. N.D. N.D. N.D.
C4 X T4 30 N.D. N.D. N.D. N.D.
T4 X R6 20 23 N.D. N.D. N.D.

N.D. = not detected

4.9.2. Effect of adding essential oils mixtures to sterilized mayonnaise

inoculated with Salmonella typhimurium:

The ingredients of mayonnaise were irradiated at different doses to

achieve the sterility of the mayonnaise recipe. Then, handmade mayonnaise

was supplemented with 0.2% mixtures made from both irradiated and non-
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irradiated essential oil. Mayonnaise was inoculated with 105 cfu/g. S.

typhimurium under sterile condition.

All obtained data are showed that the mixtures at the previous

concentration completely inhibit the growth of S. typhimurium even at the

first dilution up to the fifth dilution except for the mixture T4 X R6 and C4 X

T4 where, the growth was 3 X 101 and 6 X 101 cfu/g. while, the growth in the

control sample was 5.6 X 104 cfu/g.

However, essential oils antimicrobial efficacy in foods is usually achieved

at higher concentrations, which many times entail a sensory impact, caused

by altering the natural taste and/or odor of the food by exceeding the

acceptable flavor and/or odor thresholds (Nazer et al., 2005).





5. SUMMARY

The present investigation was carried out in an effort to open a new area

for the possibility of making synergism among cumin, rosemary and thyme

essential oils either irradiated or non-irradiated against pathogenic microbial

strains as well as, determining the antioxidant activity of these essential oil

mixtures.

Our findings reinforced that the mixtures of essential oils both irradiated

and non-irradiated with different chemical composition at sufficient low

concentration could arise as an alternative to replace synthetic sanitizers

classically applied in some foods, and to reach the balance between the

demand for the microbial safety and organoleptic acceptability.

Thus, our data could be summarized as follow:

1. The results showed that the essential oils of cumin, rosemary and thyme

did not show any differences in the physiochemical properties according

to irradiation doses 2, 4 and 6 kGy, respectively compared to non-

irradiated essential oil.

2. GC/MS analysis of non-irradiated cumin, rosemary and thyme essential

oils, individually indicated that; cumin essential oil contains 24.93%

cuminaldehyde as a predominate compound while, the content of -

pinene and -pinene was 0.98 and 17.44 %, respectively. While, ρ-

cymene contains 6.72%. The content of monoterpenes aldehydes group

was 25.43%. Totally, the amount of total oxygenated compounds was

52.82% while, the amount of total non-oxygenated compounds 46.92%.

On the other hand, the chemical composition of rosemary essential oil

was mainly limonene (5.93%), camphene (6.35%), 1,8-cineol (33.2%)

and camphor (14.5%). Totally, the amount of oxygenated compounds in

the rosemary essential oil was 58.63% while, the amount of non-

oxygenated was 38.50%.Thyme essential oil mainly contains -terpinene

(13.1%), thymol (31.7%), carvacrol (3.16%) and  ρ-cymene (33.6%).

Finally, the amount of the oxygenated compounds in the thyme essential
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oil was 38.5% while, the amount of non-oxygenated compounds was

61.5%.

3. From the preliminary selection experiments that assess the recommended

doses for antibacterial against; S. typhimurium, S. aureus, B. cereus and

E. coli, it could be concluded that the irradiation dose combatable with

cumin essential oil was 2 and 4 kGy. While, the recommended irradiation

dose for rosemary essential oil was 6 kGy. Finally the recommended

dose for thyme essential oil was 4 kGy. The preliminary experiment to

assess the antifungal recommended irradiation dose was the same as the

preceding mentioned in the antibacterial where, both irradiated and non-

irradiated cumin and thyme essential oil completely inhibit the growth of

A. flavus. While, the completely inhibition in case of rosemary essential

oil appeared at dose 4 kGy.

4. Regarding to the amount t of cumin, rosemary and thyme essential oils

into the well, the inhibition zones are increased gradually according to

the increase of the essential oil amount till 70 µl.

5. The evaluation of interactions between essential oils both irradiated and

non-irradiated, the C0 X R0 mixture showed that the practical inhibition

zones against both E. coli and B. cereus at concentration 50 µl were 13.6

mm and 14.3 mm, respectively. This inhibition zones are higher than the

mathematical inhibition zones of the mixture against the same bacterial

strains as well as, the individual essential oils included in the C0 X R0

mixture.  C0 X T0 mixture represents the highest antibacterial activity

against B. cereus where the inhibition zone was 14 mm at concentration

50 µl. All practical inhibition zones were lower than the mathematical

one. In the R0 X T0 mixture, the same as appeared in the C0 X T0 mixture

where, the highest inhibition zone was 21.3 mm at the same

concentration against B. cereus.

6. Evaluation of the mixtures made from irradiated essential oils was

studied C2 X C4 mixture does not show any differences. While the C2 X

R6 mixture represents a promising differences in case of B. cereus where,
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the practical inhibition zone was (14 mm) higher than mathematical one

(11.5 mm) and both individual irradiated cumin at 2 kGy (11 mm) and

irradiated rosemary at 6 kGy (8.5 mm). In the C2 X T4 mixture, in spite

of the highest antimicrobial activity of both thyme and cumin essential

oil either irradiated or non-irradiated individually, the mixture made from

them possess to be low or moderate antimicrobial activity. All practical

inhibition zones of this mixture were lower than mathematical one or

their individual essential oils. C4 X R6 mixture almost represents the

practical inhibition zones similar to mathematical one. The mixture C4 X

T4 is almost similar to the C2 X T4 en the antibacterial activity.  In case of

R6 X T4, the mixture shows almost the same results in case of 50 and 70

µl against E. coli, B. cereus and S. aureus where, the inhibition zones

were 12.5 and 13.00 mm in E. coli, 12 and 12.5 mm in B. cereus and 8.5

and 8.5 mm in S. aureus.

7. The minimum inhibitory concentration (MIC) was determined in the

individual essential oils and in their mixtures. In case of non-irradiated

essential oil, the MIC of non-irradiated cumin, rosemary and thyme,

respectively was 0.256 mg/ml against S. typhimurium. While, it was

1.024, 2.048 and 0.512 mg/ml against E. coli. 0.256, 0.512 and 0.256

mg/ml against S. aureus. The MIC of essential oils was 1.024, 2.048 and

0.512 mg/ml against B. cereus. In case of irradiated essential oils, the

MIC was almost similar especially in the MIC of irradiated cumin (2kGy)

and irradiated thyme (4kGy). On the other hand, the minimum

bactericidal concentration (MBC) was determined. The data revealed that

the MBCs of all both irradiated and non-irradiated were almost two fold

of the MICs.

8. The MICs of the mixtures made from non-irradiated essential oils were

similar (0.256 mg/ml) in case of C0 X R0 in all selected bacteria. While,

the C0 X T0 mixture showed MICs 0.512, 0.384, 0.512 and 0.384 mg/ml

against S. typhimiurium, E. coli, S. aureus and B. cereus, respectively. In

addition, the MICs of the same arranged bacteria were 0.512, 0.512,
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0.256 and 0.512 mg/ml, respectively. The MICs in case of mixtures made

from irradiated essential oils were arranged from 0.256 to 0.512 mg/ml

where, the lowest MIC appeared in C4 X R6 mixture. On the other hand,

the MBCs of all both irradiated and non-irradiated essential oils were

increased two fold of MICs.

9. Synergistic activity of all mixtures made from essential oils both

irradiated or not under investigations was determined by the fraction

inhibitory concentration (FIC) indices. The FIC of all mixtures represents

indifference but, the C0 X R0 mixture against B. cereus (0.375) and E.

coli (0.375) was synergy (below 0.5). Furthermore, the FIC shows

addition in case of R0 X T0, C2 X R6, C4 X R6 and R6 X T4 against B.

cereus. And in case of C4 X R6 against S. typhimurium.

10. The preliminary experiments assess to determine the acceptability levels

of sunflower oil odor supplemented with non-irradiated essential oil

indicated that, the acceptability level of cumin essential oil was

significantly appeared in the concentration of 0.2% and the higher

acceptable dose was 0.4%. On the contrary, the acceptability levels of

both rosemary and thyme essential oil were appeared after 0.1% but the

doses of 0.2 in rosemary and 0.1 % in thyme were higher and acceptable.

11. The antioxidant activity was measured by Rancimat test and 2,2-

diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method; according

to Rancimat test revealed that the oxidative stability of the sunflower oil

without essential oils was 100% (measured as percentage of relative

stability). In case of supplemented sunflower oil with 0.02% BHT, the

relative stability was 162.5% while, the highest relative stability (107.3%)

was appeared in the addition of 0.2% irradiated rosemary essential oil at

dose 4 and 6 kGy. The highest relative stability (122.7%) was appeared

in the addition of 0.1% irradiated thyme essential oil at dose 4 kGy. The

addition of 0.4% irradiated cumin essential oil at dose 4 kGy caused the

highest relative stability (114.1%).
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12. Regarding to the DPPH radical scavenging activity, the scavenging

activity of BHT at concentrations 200, 300, 400 and 500 ppm was 95.14,

95.86, 96.23 and 97.70%, respectively. The highest scavenging activity

of cumin essential oil appeared at the concentration 500 ppm in irradiated

cumin essential oil at dose 4 kGy. In the irradiated rosemary essential oil

at dose 6 kGy at concentration 500 ppm, the scavenging activity (97.41%)

is near by the scavenging activity of BHT at the same concentration. The

promising data could be noticed in case of irradiated thyme essential oil

at dose 4 kGy, where the scavenging activity is greater than BHT.

The mixtures made from non-irradiated essential oils illustrated that the

scavenging activity of C0 X T0 was 93.51% at concentration of 500 ppm,

this percentage the scavenging activity is greater than cumin essential oil

and lower than thyme essential oil. On the contrary, mixtures made from

irradiated essential oils were possessed to have lower scavenging activity

than that obtained by the same mixtures in case of non-irradiation.

13. As our investigation previously appeared, the recommended doses of

irradiated essential oil due to the antimicrobial activity and the

antioxidant activity were 4 kGy in case of cumin and thyme while, 6 in

case of rosemary. Thus, the chromatographic analysis of these doses

were s follow; irradiated cumin essential oil at dose 4 kGy was produced;
the decrement in content of β-pinene from 17.44% in control to 3.82% in

irradiated essential oil also, the decrement of γ-terpinene from 19.49% to

12.97%. While, the increments of cuminaldehyde from 24.93% to

33.65% and the group of monoterpene aldehyde from 25.43% to 37.98%.

Thus, the amount of oxygenated compounds increased from 52.82% to

73.73%. While, the GC/MS of irradiated rosemary at dose 6 kGy

revealed that α-pinene reduced from 17.1% in non-irradiated rosemary

essential oil to 13.33% in the irradiated essential oil, the content of 1,8-

cineol was decreased from 33.2% to 22.3%. While, the content of

limonene was increased from 5.93% to 15.37% and the content of
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camphor was increased from 14.5% to 29.74%. Thus, the content of

oxygenated compounds was decreased from 58.63% to 25.77%.

Finally in case of irradiated thyme essential oil, the amount of

hydrocarbons in the i.e. α-thujene, α-pinene, ρ-cymene and γ-terpinene

was totally decreased according to the irradiation dose while, the

oxygenated compounds i.e. α-linalool, borneol and thymol was increased

meanwhile, the amount of oxygenated compounds increased from 38.5%

to 70.71%.

14. In case of application in food system, the handmade mayonnaise was

tested organoleptically (odor and taste) to assess the acceptability level of

adding non-irradiated essential oils. Essential oils was adding in

concentrations 0.5, 0.7 and 0.9% of cumin essential oil, 0.4, 0.6 and 0.8%

of rosemary essential oil and 0.3, 0.5 and 0.7% of thyme essential oil.

The obtained data in cases studied were different significantly compared

to control samples in odor and taste.

15. The effect of adding mixtures made from essential oils to the mayonnaise

recipe was studied and the obtained data showed that the total count of

control mayonnaise was 5.6 X 104 cfu/g. while, the C0 X R0 mixture

reduce the microbial load to 42 X 101 cfu/g, C0 X T0 was 18 X 101 cfu/g.

On the other hand, the effect of adding essential oils mixtures to

sterilized handmade mayonnaise (all ingredients are irradiated separately)

inoculated with S. typhimurium revealed that all obtained data showed

that the mixtures at 0.2% concentration completely inhibit the growth of

S. typhimurium even at the first dilution up to the fifth dilution except for

the mixture T4 X R6 and C4 X T4 where, the growth was 3 X 101 and 6 X

101 cfu/gm.

Thus, the mixtures of essential oils either irradiated or non-irradiated

especially, C0 X R0 could be used to minimize essential oil

concentrations and to reduce any adverse sensory impact on food.
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ص العــربىـخالمل.۷
فى بعض ةالمشععةدراسات على التأثیر التعاونى لبعض الزیوت العطری

ةالمنتجات الغذائی

إمكانیة الحصول على نشاط تعاونى لبعض الدراسة بهدف دراسة هذه أجریت
"، ) T(والزعتر)R(، حصالبان)C(مثل الزیت العطرى" الكمونةالزیوت العطری

ةوهذا ضد بعض المیكروبات المرضیةأو غیر المشععةعسواء الزیوت المشع
كمضادات ةوغیر المشععةلدراسة التأثیر التعاونى لتلك الزیوت المشععةباإلضاف
أكسده.

فیما یلى:ةومن ثم یمكن تلخیص النتائج التى توصلت إلیها الدراس
لها أى للكمون وحصالبان والزعتر لم یحدث ةأن الزیوت العطریةأظهرت الدراس.1

، 2بجرعات ةاإلشعاعیةالمعاملةنتیجةالكیمیائیةتغیرات فى الخصائص الفیزیائی
.ةكجراى مقارنة بالعینات غیر المشعع6و 4

لكل من نتائج التحلیل الكروماتوجرافى لعینات الزیت العطرى غیر المشعع تأظهر .2
ى نسبة ما یلى: الزیت العطرى للكمون یحتوى علالكمون، حصالبان والزعتر

زیت لوهو المركب الفعال الرئیسى cuminaldehyde٪ من مركب الــ 24.93
بنسبةβ-pineneو الــ٪ 0.98بنسبة α-pineneالــ یحتوى علىالكمون، بینما

٪. عموما كانت نسبة 6.72ةفنسبتρ-cymene٪. أما مركب الــ17.44
ةت الهیدروكربونی٪ بینما كانت نسبة المركبا52.82ةالمركبات األكسیجینی

٪. على الجانب األخر، أوضح التركیب الكیماوى لزیت حصالبان غیر 46.92
٪، الـــ 5.93ةبنسبlimoneneعلى الــ ةرئیسیةیحتوى بصفةالمشعع أن

camphene 1,8٪، الــــ 6.35بنسبة-cineol أما الـــــ ٪33.2بنسبة
camphorفى زیت ةركبات األكسیجینی٪. وقد كانت نسبة الم14.5ةفكانت نسبت

كانت ة٪ بینما المركبات الهیدروكربونی58.63غیر المشععحصالبان العطرى
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على مركباتةأساسیةحتوى بصف٪. زیت الزعتر العطرى إ38.50
٪، 13.1بنسبة γ-terpinene ،thymol ،carvacrol ،ρ-cymeneالـــــ 

.٪ ، على التوالى33.6٪ و ٪3.16، 31.7
وذلك من للزیت العطرىالمثلىةاإلشعاعیةلتحدید الجرعةیئمبدةتم عمل تجرب.3

Salmonellaضد بكتریاللةوجهة نظر الخواص المضاد typhimurium،
Staphylococcus aureus ،Bacillus cereus وEscherichia coli

و 2كانت رىالعطلكمونالزیتالمثلىةاإلشعاعیةوكانت النتائج كالتالى: الجرع
ةالجرعةكجراى وفى النهای6المثلى لحصالبان ةكانت الجرعاكجراى بینم4

Aspergillusعلى فطر ةكجراى. وٕاجریت نفس التجرب4المثلى للزعتر كانت 
flavus أوضحت النتائج أن كال من زیت الكمون والزعتر العطرى المشعع وغیر و

طر بینما نما الفطر فى األطباق المشعع قد أحدث تثبیطا كامال فى نمو الف
كجراى ثم إختفى النمو تماما 4ةمشعع بجرعالعطرى حصالبان اللزیتةالمعرض

كجراى.10ةعند الجرعات األعلى وحتى الجرع
wellداخل الـــ الزیت العطرىكمیةبزیادة منطقة التثبیط تزدادأظهرت النتائج أن.4

.wellالــــ میكرولیتر فى 70میكرولیتر وحتى 30من 
فى حالة المخالیط وذلكبین الزیوتالتأثیرات المتداخلةییمنتائج تقأظهرت .5

C0ما یلى: المخلوط ةغیر مشععةمن زیوت عطریةالمكون X R0 مساحة أعطى
مم على 14.3مم و B. cereus13.6و E. coliضد كال من الــ تثبیط فعلى

وكذلك كانت ةالحسابیةأعلى من المساحمن التثیبط كانت ةالتوالى. هذه المساح
C0أعلى من مساحة التثبیط لكل زیت عطرى على حد. المخلوط  X T0 أعطى

مم عند التركیز 14حیث كانت B. cereusمن التثبیط ضد الــــ ةأعلى مساح
R0للمخلوط ة. أما بالنسبمیكرولیتر50 X T0أن أعلى فقد أظهرت النتائج

وكانت B. cereusمیكرولیتر لبكتریا الــــ 50د التركیز تثبیط كانت عنةمساح
مم.21
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من زیت عطرى ةالمكونةأن إستخدام مخالیط الزیوت العطریةأظهرت الدراس.6
C2معامل إشعاعیا ما یلى: المخلوط  X C4عن ةلم یبدى إى إختالفات معنوی

C2إشعاعیا. فى حین أن المخلوطةالمخلوط المكون من زیوت غیر معامل X R6

حیث كانت مساحة B. cereusخصیصا تجاه بكتریا الــــ ةأظهر نتائج واعد
وكذلك كانت أكبر ةالحسابیةمم والتى كانت أكثر من المساح14ةالتثبیط الفعلی

من مساحة التثبیط لكل زیت عطرى منفردا حیث أعطى الكمون المعامل إشعاعیا 
مم. فى حالة المخلوط8.5مشعع مم أما حصالبان ال11تثبیط ةمساحةوحد

C2 X T4بإرتفاع مساحة التثبیط نن یتمیزایفبالرغم من أن كال من الزیت
ةكل على حد، إال أن المخلوط منهما أعطى مساحة تثبیط أقل مقارنةالمیكروبی

، حیث كانت كل مساحات التثبیط المتحصل علیها من بكل زیت عطرى منفردا
. المخلوط ةالحسابیةأقل من المساحةروبات محل الدراسهذا المخلوط تجاه المیك

C4 X R6ةالحسابیةمن المساحةقریبةتقریبا أعطى مساحة تثبیط فعلی.
C4أما المخلوط  X T4إلى حد كبیر من نتائج المخلوط هقریبهفقد كانت نتائج

C2 X T4 ،المخلوط فى حالة . وأخیراR6 X T4 النتائج تساوى حیث أظهرت
.Bمیكرولیتر ضد بكتریا 70و 50التثبیط تقریبا فى حالة التركیزان ةمساح

cereus ،E. coli وS. aureus حیث كانت مساحة التثبیط فى كل مخلوط
E. coliمم فى 13مم و 12.5و B. cereusمم فى 12.5مم، 12كالتالى: 

.S. aureusمم فى 8.5مم و 8.5و 
٪ من المیكروبات90تركیز المناسب للقضاء على تم تقدیر ال.7

)Minimum Inhibitory Concentration, MIC(وكذلك ةفى الزیوت العطری
فى حالة الزیوت MIC. فقد كانت الـــ ةوغیر المشععةمخالیطها سواء المشعع

جرام/مل تجاه بكتریا لم0.256الكمون، حصالبان و الزعتر ةغیر مشععةالعطری
جرام/مل لم0.512و 2.048، 1.024، بینما كانت S. typhimuriumالـــ 

0.256و 0.512، 0.256. وكانت E. coliعلى التوالى تجاه بكتریا 
للزیوت MICو كان الـــ .S. aureusجرام/مل على التوالى تجاه بكتریا لم
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فى . أما B. cereusجرام/مل تجاه الــ لم0.512و 2.048، 1.024ةالعطری
MICلنتائج الــ ةتقریبا مشابهMICــالــفقد كانت،ةالمشععةحالة الزیوت العطری

خصوصا فى حالة زیت الكمون والزعتر المعامل ةبالزیوت غیر المشععةالخاص
یركجراى، على التوالى. وعلى الجانب األخر، تم تقد4و 2ةإشعاعیا بجرع

ةالدراسمحلالبكتریا لقتل التركیز المناسب
)Minimum Bactericidal Concentration, MBCقیم) وأظهرت النتائج أن

لضعف ةتقریبا مقاربةوغیر المشععةالمشععةلكل من الزیوت العطرىMBCالــــ 
.MICتركیز الـــ

ةمتشابهةغیر مشععةمن زیوت عطریةللمخالیط المكونMICsكانت الــــ.8
C0فى المخلوط خصوصا  X R0 م/مل تجاه البكتریا راجلم0.256والذى كان
C0. بینما الـــ ةمحل الدراس X T0 أعطىMIC0.512 ،0.384،0.512 و

و S. typhimurium ،E. coli ،S. aureusجرام/مل تجاه بكتریا لم0.384
B. cereusالــ .على التوالىMICsةمن زیوت عطریةفى المخالیط المكون

مل وكانت فى/جراملم0.256لها عند MICأعطت أقل ةمشعع
C4المخلوط  X R6للــــ ةبینما أعلى قیمMICفى أكثر مل/جراملم0.512هى

ةلكل الزیوت العطریMBCs. وعلى الجانب األخر قیم الـــ من مخلوط مختلف
زادت بمعدل الضغف تقریبا.ةوغیر المشععةسواء المشعع

وغیر ة(المشععةمحل الدراسةتأثیر التعاونى لكل مخالیط الزیوت العطریال.9
)، حیث أعطت كل FIC) تم تقدیرها بإستخدام التركیز التثبیطى الجزئى (ةالمشعع

C0) بینما المخلوط Indifferenceغیر مختلف (المخالیط تقریبا تأثیر X R0

حیث كانت B. cereus) تجاه الــــSynergism(أظهر تأثیر تعاونى إیجابى
FIC. أما الــــ E. coliتجاه الـــــ 0.375وكانت أیضا FIC0.375قیمة الـــ 
R0لمخالیط  X T0 ،C2 X R6 ،C4 X R6 وR6 XT4 تجاه بكتریاB. cereus

).Addition(ةأظهرت تأثیر إضاففقد 
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العطرى من الزیتحد القبولبتحدید ةالخاصةیئأظهرت نتائج التجارب المبد.10
زیت الكمون غیر المشعع إلى أدت إلى ةإضافالمضاف إلى زیت دوار الشمس أن 

إحصائیا ة٪ والتركیزات األعلى كانت مرفوض0.2عند تركیز ةظهور الرائح
األخر، أظهرت نتائج إضافة ةعلى الوج٪.0.4حسیا حتى التركیز ةولكنها مقبول

عند التركیز بعد ةور الرائحزیت حصالبان والزعتر إلى زیت دوار الشمس ظه
٪ فى حصالبان والزعتر على التوالى كانا 0.1٪ و 0.2٪ ولكن التركیزان 0.1

عالیان ولكن مقبوالن.
Rancimatالتى قدرت بإستخدام طرق الــــ ةأظهرت نتائج تقدیر الخواص المضاد.11

مس أنه: الثبات األكسیدى لزیت دوار الشDPPH-Radical Scavengingوالـــــ 
أكسیدى ٪ بینما كان أعلى ثبات 162.5كان BHT٪ 0.02المضاف إلیه 

كجراى. 6و 4٪ من زیت حصالبان المشعع بجرعات 0.2٪ عند إضافة 107.3
كجراى 4ة٪ من زیت الزعتر المشعع بجرع0.1أعلى ثبات كان فى حالة إضافة 

یز كجراى بترك4ة٪. بینما إضافة زیت الكمون المشعع بجرع122.7وكان 
٪.114.1أكسیدى بنسبة تأدى إلحداث ثبا0.4٪

BHTللــــ ةأن النشاط المضاد لألكسدDPPHأظهرت نتائج إختبار الــ .12
، 95.86، 95.14جزء فى الملیون كان 500و 400، 300، 200بالتركیزات 

فى زیت ة٪، على التوالى. وكان أعلى نشاط مضاد لألكسد97.70و 96.86
4ةبجرعجزء فى الملیون فى حالة زیت الكمون المشعع 500الكمون عند تركیز 

جزء 500كجراى عند التركیز 6ةكجراى. فى حالة زیت حصالبان المشعع بجرع
٪ وهذا DPPH97.71بإستخدام الـــ ةفى الملیون كان النشاط المضاد لألكسد

ةالدراسبإستخدام نفس التركیز. وأظهرت BHTجدا من الـــ ةالنشاط قریب القیم
التى یمكن مالحظتها هو إستخدام زیت الزعتر المشعع ةأنه من النتائج الواعد

للــــ ةأكبر من قیمة النشاط المضاد لألكسدةكجراى حیث أعطى قیم4ةبجرع
BHT.
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أن ةغیر مشععةمن زیوت عطریةالمكونةأظهرت نتائج مخالیط الزیوت العطری
C0مخلوط الـــ  X T0بإختبار الـــ ةد لألكسدأعطى نشاط مضاDPPH بمقدار

أعلى من قیمة ةجزء فى الملیون، وكانت هذه القیم500٪ عند التركیز 93.51
األخر، ةزیت الكمون العطرى وحده وأقل من زیت الزعتر وحده. على الوج

أعطت قیم نشاط ضد أوكسیدى ةمن زیوت مشععةالمكونةمخالیط الزیوت العطری
.ةر المشععأقل من مثیلتها غی

بالنشاط المضاد للمیكرویات وكذلك المضاد ةالخاصةأظهرت النتائج السابق.13
كجراى فى كال من 4كانت ةالمثلى فى هذه الدراسةاإلشعاعیةأن الجرعةلألكسد

كجراى فى زیت حصالبان العطرى. 6زیت الكمون والزعتر العطرى بینما كانت 
مایلى: إنخفض ةتلك الزیوت المشععومن ثم أعطى التحلیل الكروماتوجرافى ل

٪ 3.82إلى فى الزیت غیر المشعع٪17.44من β-pineneالمحتوى من الــــ 
٪ 19.49من γ-terpineneفى الزیت المشعع كذلك إنخفض المحتوى من الـــ

٪. بینما زاد المحتوى من المركب الفعال فى زیت الكمون الــــ 12.97إلى 
cuminaldehyde وزادت قیمة المركبات 33.65إلى ٪24.93من .٪

٪ فى الزیت 73.73٪ فى الزیت غیر المشعع إلى 52.82من ةاألكسیجینی
كجراى لزیت حصالبان أن 6ةأظهرت نتائج التشعیع الجامى بجرعالمشعع. 

٪ فى الزیت غیر المشعع إلى 17.1إنخفض من α-pineneمحتوى الـــ 
من cineol-1,8توى الــــ ٪ فى الزیت المشعع كذلك إنخفض مح13.33
٪ إلى 5.93من limonene٪. بینما زاد محتوى الــ 22.3٪ إلى 33.2

٪. ومن ثم 29.74٪ إلى 14.5من camphor٪ كذلك محتوى الـــ 15.37
.٪25.77٪ إلى 58.83من ةإنخفض محتوى الزیت من المركبات األكسیجینی

جراى إنخفاض محتوى كل ك4ةأظهرت نتائج زیت الزعتر العطرى المشعع بجرع
نتیجة γ-terpineneو α-thugene ،α-pinene ،ρ-cymeneمن، 

thymolو linalool ،borneolالتشعیع الجامى بینما إرتفع محتوى كل من الـــ 
٪.70.71٪ إلى 38.5من ةوبذلك إرتفع محتوى المركبات األكسیجینی
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نع تم تقیمه حسیا من حیث أظهرت نتائج التطبیق الغذائى أن المایونیز محلى الص.14
یمكن ةمحل الدراسةوذلك لبیان أقل تركیز من الزیوت العطریةالمذاق والرائح

٪ من زیت الكمون إلى زیت 0.9و 0.7، 0.5، تم إضافة تركیزات ةإستخدام
٪ من زیت حصالبان العطرى إلى زیت دوار 0.8و 0.6، 0.4دوار الشمس، 

لزعتر. وكانت النتائج المتحصل علیها ٪ من زیت ا0.7و 0.5، 0.3الشمس و 
محل ةبین زیت دوار الشمس المضاف إلیه الزیوت العطرىامعنوىظهور إختالف 

.زیت عطري(كل على حد) وبین الزیوت غیر المضاف إلیهاةالدراس
)ة(المقارنالمعاملغیرأن الحمل المیكروبى للمایونیزةأظهرت نتائج الدراس.15

جرام بینما كانت عند إضافة مخلوط الــــ /ةكوین مستعمر وحدة ت5.6x410كان
C0 X R042x110 18جرام ، /ةوحدة تكوین مستعمرx110 حدة تكوین و

C0/جرام فى المخلوط ةمستعمر  X T0. وعلى الجانب األخر عند إضافة مخالیط
أظهرت ٪ إلى المایونیز الملقح بمیكروب السالمونیال،0.2بتركیز ةالزیوت العطری

أدت إلى حدوث تثبیط كامل للسالمونیال من ةالنتائج أن جمیع المخالیط المستخدم
T4ینالتخفیف الخامس عدا المخلوطىأول تخفیف وحت X R6 وC4 X T4.

ومن ثم تقترح الدراسة أن المخالیط المستخدمة من الزیوت العطریة سواء 
C0خصوصا المخلوط المشععة أو غیر المشععة X R0مكن إستخدامها لتقلیل ی

التركیزات المستخدمة من الزیوت العطریة والتى كانت تعطى تأثیرا حسیا غیر 
مقبول فى الغذاء.
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