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Abstract: This study was carried out to determine the chemical composition of some spice essential oils, to test the radical
scavenging and the anti-fungal activities of Cinnamon, Anise, Cumin and Caraway EOs. The essential oil compositions were
determined by GC-MS and showed variation in its constituent for each type of oil. Major identified components were
Cinnamaldehyde 81.79 % for Cinnamon EO (Ci-EO), Anethole 90.9% for Anise EO ( An-EO), (gamma-Terpinene 23.84%, beta.Pinene 21.84%, Benzaldehyde, 4-(1-methylethyl) 20.00%, Carenal 17.50% and Benzene, 1-methyl-3-(1-methylethyl) 14.10%) for
Cumin EO ( Cu-EO ) and (Carvone 52.27% and D-Limonene 47.13 %) for Caraway EO (Ca-EO). Antioxidant effectiveness was
examined by the 2,2'-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method using different concentrations of EOs (2.5,
5.0, 10.0 , 20.0 , 40.0 , mg/ml) at different times. All essential oils have shown antioxidant activity. Based on their antioxidant
capacity, four spice essential oils sorted in descending order: Cumin 87.4% > Anise 72.4% > Caraway 59.5 > Cinnamon18.2 % at
high concentration 40.0, mg/ml at 120 min. These essential oils were also found to possess remarkable antifungal activity against
tested pathogens like yeasts (Candida krusei ATCC 6258, Candida parapsilosis ATCC 22019) and fungi (Aspergillus niger, Aspergillus
flavus and Aspergillus fumigatus) by using disc diffusion technique. Cu- EO showed 100% inhibition against A. niger, C. krusei and
C. parapsilosis. For other tested fungi, the essential oils showed good to moderate inhibitory effects. Positive and important
associations between mycelial growth inhibition of both pathogens and the antioxidant activity of the checked oils. These results
showed tested essential oils could be used as a source of antioxidant and antifungal compounds which may find applications in
pharmaceutical and food industries.
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1.

INTRODUCTION

Essential oils are aromatic volatile oily hydrophobic
concentrate fluid derived from product of plants such as
seeds, leaves, twigs, buds, flowers, bark, wood, roots, fruits
and whole crop, that may contain over 100 different
components of 20 to 60 volatile compounds in a form of
complex mixtures.1,2 Since ancient times, antimicrobial and
antioxidant properties of essential oils from aromatic and
medicinal plants are recognized, and the spices were
designed for various purposes, such as flavouring, holding
insects away and in perfumery.3 Fungi are one of the most
critical indoor air pollutants in residential and industrial
environment, which can be a significant factor developing
infectious and harmful diseases in plants and animals,
including humans.4, 5 Presence of Penicillium fungi in air
environment of Food Industries, may expose the ultimate
consumers of these products to possible risk. The fungus is
usually linked with contaminated food, showing the economic
losses arising from mycotoxin production which can harm for
human health.6 In order to prove the impact of essential oil
and its major compounds on pathogenic fungi, numerous
studies have been conducted. Kurita et al., tested 40 plant
compounds against seven fungal species and found highly
effective plant metabolites against fungal pathogens.7Cuminum
cyminum (Cumin), the world's second most common spice
after black pepper, is grown primarily in India, China, Arabia
as well as Mediterranean countries .8Cumin's medicinal uses
include, use against indigestion, flatulence, and diarrhea as a
stimulant and as carminative, astringent.9 Studies of Cu-EO's
antimicrobial efficacy against a variety of food pathogens are
available, but there is a lack of EO's practical efficiency in the
food system as a preservative.8, 10-11 Cinnamomum verum
commonly referred as cinnamon, was known from ancient
times as other volatile oils in medicine and had a reputation
for being a cold cure. Ci-EO also has antimicrobial properties
that can help preserve other foods.12 While oil from all over
the world has demonstrated a great variety of chemical
constituents, this mainly consists of trans-cinnamaldehyde
(47-71%) as the major component.13C. verum EO has good
antibacterial and antimicrobial activity alone 14 or in
combination with other essential oils in various studies.15EOs
may have antioxidant properties and their use can affect the
functions of immune cells. In the food industry, antioxidants
are used to increase food shelf-life. Antioxidants can also
stop the reaction in the human body of free radicals with
biomolecules; minimizing cell injury and death, chronic and
cardiovascular diseases, and so on.16These may also be used
in the food industry to replace artificial food additives that
are antioxidant. Natural antioxidants have increased interest
among consumers and the communities for researchers,
especially in spices, since epidemiological studies have shown
that regular use of natural antioxidants is associated with a
lower risk of cardiovascular disease and cancer.17,18The aim of
the present study is to determine (i)chemical composition
(ii)antifungal activity(iii) antioxidant activity of essential oils of
Cinnamomum verum (Cinnamon), Pimpinella anisum (Anise),
Cuminum cyminum (Cumin) and Carum carvi (Caraway).
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2.

MATERIALS AND METHODS

2.1

Essential oil sample

Essential oil samples of Cinnamomum verum, Cuminum
cyminum, Pimpinella anisum and Carum carvi were purchased
from local market in Jeddah, Saudi Arabia.
2.2

Tested fungal strains

Candida krusei ATCC (6258), Candida parapsilosis ATCC
(22019), Aspergillus niger, Aspergillus flavus and Aspergillus
fumigatus. The fungal strains were obtained from King
AbdulAziz University Hospital, Jeddah, Saudi Arabia.
2.3

GC–mass spectrometry analysis

The GC-MS (Agilent Technologies) device was fitted with
GC (7890B) and Mass spectrometer detector (5977A).
Dilution was made for samples using hexane (1:19, v/v). GC
was fitted with HP-5 MS column (internal diameter 30 mx
0.25 mm and film thickness 0.25 μm). Analyzes was
performed by using carrier gas (Helium) at 1.0 ml / min flow
rate at a split ratio of 1:10, injected volume was1 μl and the
following temperature schedule (40 / 1; 4 / 1 to 150/ 6; 4°C /
1 to 210/ 5 ) °C/ min. Injector and detector are placed
respectively at (280&220) °C., respectively. Through electron
ionization (EI) at 70 eV, mass spectra were obtained by using
spectral range of m / z 40-550 and solvent delay of 3 min.
Specific constituent classification was calculated through
making comparison between
spectrum fragmentation
pattern and data stored in the Wiley and NIST Mass Spectral
Library.
2.4

Free radical scavenging activity

Antioxidant activity of the four spices EOs was determined
using DPPH (1, 1-diphenyl-2-picrylhydrazyl) radical
scavenging based on the method of Hae-Ryong.20Ascorbic
acid was used as references or positive controls. Oils
antioxidant activity was measured using the stable DPPH
method as updated by Hae-Ryonget al., 19in terms of
hydrogen donation or radical-scavenging efficiency. Reaction
mixture containing 2 ml of the (Ci-EO, Cu-EO, An-EO and
Ca-EO) at different concentrations "2.5, 5.0, 10.0, 20.0, 40.0,
mg/ml" then 2ml of DPPH (0.2mM) was added then shaken
strongly after that it was incubated at room temperature in
darkness for different periods of time 30, 60, 90 and 120
min. When the DPPH reacted with an antioxidant compound
in oil that could donate hydrogen, the UV-visible
spectrophotometer decreased the absorbance at 517 nm.
The percentage of remaining DPPH was plotted against the
concentration of the sample. Further antioxidant activity is
suggested by a lower value. Radical scavenging activity was
estimated using the following equation as a percentage of
inhibition:-

%DPPH "RSA" = [Abs. of Control – Abs. of Sample / Abs. of Control] x 100
Triplicate measurements were conducted, and the results were averaged.
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2.5

Screening of spice essential oils as an antifungal

Testing of essential oils for antifungal activity against tested
yeasts (C. krusei ATCC 6258, C. parapsilosis ATCC 22019)
and fungi (A. niger, A. flavus and A. fumigatus) growth were
conducted by disc diffusion method.20 Mueller Hinton Agar
filled 20 ml of previously prepared Petri dishes. Well dried
surface was inoculated along the surface by the sterile swab
with the conidia suspension. The suspension was spread
equally to achieve homogeneous development. For a better
absorption of the suspension, inoculated Petri plates are left
at room temperature for 15 minutes. Sterile disks (6 mm
diameter) were impregnated with 10 µL of essential oil after
15 minutes and left for 30 minutes to avoid unnecessary oil
diffusion. The disks are mounted on the Petri plate surface
subsequently; inoculated plates were incubated at 37°C/2448 h for yeast and at 25°C/7 days for fungi. Growth inhibition
was measured by calculating the diameter of the inhibition
zone (including the diameter of the disk) in mm. The effects
of spice essential oils spices on yeast and fungal growth were
defined on the basis of calculated inhibition zones and
comparison of the obtained values.Triplicate measurements
were conducted, and the results were averaged.
3.

RESULTS AND DISCUSSION

3.1

Essential oils chemical composition

Table (1) showed the chemical constituents and the relative
percentage of the total chromatogram area of Cinnamon CiEO, Anise An-EO, Cumin Cu-EO and Caraway Ca-EO. First
one was Ci-EO where three compounds were identified,
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which represents 100 % of the total Ci-EO. The major
compounds were cinnamyl aldehyde (81.79%), 2-Propen-1-ol,
3-phenyl-,acetate (14.21%) and Benzaldehyde (4%). These
results are in agreement with Wang et al.,21 who reported
that the major compound in the cinnamon EO was transcinnamyl aldehyde. The next EO was Anise, the results
illustrated that An-EO contained nine compounds four of
them represent 98.01 % of total An-EO. The major
compounds were Anethole (90.9 %), Longifolene (4.2 %),
Carvone (1.76 %) and Alpha-pinene, (1.15%). These results
are confirmed by others that EO of anise fruits has 80- 95%,
or more, trans-anethole as the major compound,
subsequently chavicol methyl ether (estragole), anisaldehyde
and cis-anethole.22,23After that Cu-EO which contained
gamma.-Terpinene (23.84 %), beta.-Pinene (21.84 %),
Benzaldehyde, 4-(1-methylethyl)- (20%), 2-Caren-10-al
(17.5%), Benzene, 1-methyl-3-(1-methylethyl)- (14.1%),
Alpha-pinene (1.15%) they are form 98.43% of Cu-EO.
Cuminaldehyde (36–39%) has been identified as main
constituent of Cu-EO from China 24, Bulgaria 25 and Tunisia 8
in previous reports. Alpha-pinene (29.2%) has been recorded
as major constituent of Iranian Cu-EO.26Such variability in the
constituent of EO may be due to environmental and
geographical features. Caraway was the last EO, where three
compounds was found, representing 100% of the total CaEO. Carvone (52.27%), Limonene (47.13%) and alpha.Phellandrene (0.6%) were the main compounds. This finding
agree with Khalil et al., who confirmed that Limonene
(46.48%) and carvone (50.6%) were the main compounds in
the Caraway EO.27

Table1. Chemical composition of Cinnamon, Anise, Cumin and Caraway EOs.
Relative area %
Identified compounds
Cinnamon
Anise
Cumin Caraway
Benzaldehyde
04.00
Cinnamaldehyde
81.79
2-Propen-1-ol, 3-phenyl-, acetate
14.21
Linalool
1.10
Carvone
1.76
52.27
Anethole
90.9
1H-Benzocycloheptene,2,4a,5,6,7,8,9,9a-octahydro0.36
3,5,5-trimethyl-9-methylene-, (4aS-cis)Longifolene-(V4)
4.20
Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl0.47
Bicyclo[3.1.1]hept-2-ene, 2,6-dimethyl-6-(4-methyl0.36
3-pentenyl)AlphaLongipinene
0.36
BetaBisabolene
0.50
AlphaThujene
0.28
AlphaPinene
1.15
beta.-Pinene
21.84
Bicyclo[3.1.0]hex-2-ene, 4-methyl-1-(10.58
methylethyl)Benzene, 1-methyl-3-(1-methylethyl)14.10
gammaTerpinene
23.84
2,6-Dimethyl-3,5,7-octatriene-2-ol, Z,Z0.69
Benzaldehyde, 4-(1-methylethyl)20.00
2-Caren-10-al
17.50
D-Limonene
47.13
alpha.-Phellandrene
0.60
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3.2

Antioxidant activity

Five different working solutions (2.5, 5, 10, 20, 40 mg / mL)
were used to assess concentration effect on radical scavenging
capacity by DPPH system for EO’s of Cinnamon, Anise, Cumin
and Caraway. This test was based on the ability to quench
DPPH, a stable free radical, and thus decolorize in the presence
of antioxidants resulting in reduced absorbance values. Results
showed that DPPH scavenging activity increased at different
times as shown in Fig. 1 (A, B, C&D) with increased EO
concentrations. Evidence shown in Fig.1 (A, B, C&D) showed
that the inhibition percentages were increased as concentration
and time increased. After 30 min incubation of EO with DPPH
Cu-EO showed the highest scavenging activity with increasing
EO concentration 65.4% at 40mg/ml EO then Anise, Caraway,
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Cinnamon EO (54.1, 45.4 and 6.8 % respectively) at the same
concentration. These percentage increased by increasing the
time of incubation of EO in the dark with DPPH, that was
shown clearly after 120min Cu-EO showed the highest
scavenging activity 87.4% then An-EO 72.4%, Ca-EO 59.5 %, CiEO 18.2 % at high concentration of EO 40mg/ml . As a result,
Cu-EO has a substantially active radical scavenging function
relative to An-EO, Ca-EO, Ci-EO. Ascorbic acid was used as a
reference here, showing peak activity at very low concentrations
Figure (1E). Romeilah et al., recorded that Cu-EO's radical
inhibition was 83.59 percent, increasing the essential oil's
scavenging activities with the increased concentration of
essential oil.28De et al., demonstrated that Cu-EOs have high
antioxidant activity as a result of the presence of monoterpene
alcohols, essential flavours, flavonoids and poly-phenolic.29

Fig 1. DPPH scavenging activity of spices essential oils and ascorbic acid.
L-46
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3.3

Microbiology

Antifungal activity

Antifungal activity of EOs of Cinnamon, Anise, Cumin and
Caraway against pathogens A. niger, A. flavus, A. fumigatus,
C. krusei ATCC (6258) and C. parapsilosis ATCC (22019)
using disc diffusion technique is reported in Table 2. The
results of antifungal activity were taken after 7 days of
incubation with fungi and 48hr with yeast. The results
showed that all tested EOs exhibited antifungal against all the
tested pathogens fungi and yeast. The maximum antifungal
activity of Ci-EO was shown in the diameter of inhibition
zone (55mm) with A. fumigates. Mycelium of A. fumigates
appeared with gray-greenish spores around the inhibition
zone. At the same time mycelium of A. niger appeared with
black spores around the inhibition zone (30mm), while
mycelium of A. flavus only appeared without spores
production around the inhibition zone (35mm).The maximum
antifungal activity of An-EO was shown in the diameter of
inhibition zone (30 mm) with A. niger and A. fumigatus. An-EO

showed light mycelium only with A. niger without spore
around the inhibition zone (30mm). A. fumigatus mycelium
also exhibited without spore around the inhibition zone
(30mm) Fig. (2A). A. flavus mycelium only appeared without
spores production around the inhibition zone (20mm) Fig.
(2B).Cu-EO showed complete inhibition of growth (No
growth found at all in petri dishes) for all strains of Candida
and A. niger. Cu-EO also showed antifungal activity with
A. flavus which mycelium had spore production around the
inhibition zone (45mm) and A. fumigatus which mycelium
didn’t have spore around the inhibition zone (20mm).Ca-EO
showed antifungal activity with all tested strains where it
showed (20 mm) inhibition zone and (45 mm) mycelium only
without spores production around the inhibition zone with
A. niger Fig. (3A).While mycelium of A. flavus only appeared
without spores around the inhibition zone. At the same time
A. fumigates mycelium appeared with light spores around the
inhibition zone Fig. (3B).

Table 2. Antifungal activity of EOs of Cinnamon, Anise, Cumin, and Caraway against
various pathogens fungi using disc diffusion method.
Strain
Inhibition zone ( mm )
Cinnamon
Anise
Cumin
Caraway
Aspergillus niger
30
30
CI
45
Aspergillus flavus
35
20
45
25
Aspergillus fumigatus
55
30
20
35
Candida krusei ATCC (6258)
45
24
CI
42
Candida parapsilosis ATCC (22019)
45
25
CI
15
CI: complete inhibition

Fig 2. Antifungal activities of Pimpinella anisum (Anise) essential oil against some
pathogenic fungi by using disc diffusion method after 7 days of incubation at 25 C°.

Fig 3. Antifungal activities of Carum carvi (Caraway) essential oil against some
pathogenic fungi by using disc diffusion method after 7 days of incubation at 25 C°.
L-47
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Anti-fungal activity of these EOs may be due to the presence
of a phenolic OH group and an aromatic nucleus recognized
to be reactive and capable of forming hydrogen bonds with –
SH groups in the active sites of focus enzymes, contributing
to deactivation of fungal enzymes30-32. Cinnamon oil's major
constituent is cinnamaldehyde, the compound that contains
aldehyde and conjugates double bond outer the ring. Such
compound has much greater antifungal activity 33and may be
lead compound for production of antifungal vehicle by
regulating chitin synthesis and β-(1, 3)-glucan in molds and
yeasts.34 Yaruet al., investigated the mechanism of how
cinnamon oil affects cell morphology, cell membrane, and
main enzyme activity through electron microscope scanning
(SEM) observations revealed that mycelia morphology
alterations of fungi are strikingly shrivelled and collapsed
hypha, also flattened empty hyphae, swelled cell wall,
disrupted plasma membrane, cytoplasmic matrix leakage. In
addition, cinnamon oil inhibited ergosterol biosynthesis
significantly damaging the structure of the cell membrane,
resulting in intracellular ions, protein leakage and lower
absorption at 260 nm. In addition, Ci-EO has influenced the
fungal energy metabolism by decreasing the activity of
succinate dehydrogenase (SDH) and malate dehydrogenase
(MDH) in the process of tricarboxylic acid (TCA).35 Cu-EO in
vitro antifungal activities have been studied against,
C. dubliniensis ATCC CD60, C. albicans ATCC 14053, C. krusei
ATCC 6258,C. parapsilosis ATCC 22019 and C. glabrata
ATCC 90030. Cuminum cyminum oil has widespread
antifungal activity against multiple pathogenic species of
Candida. The inhibition zone values against the tested species
ranged from 7 to 50 mm. Cuminum cyminum oil's best
minimal inhibitory concentration (MIC) has been reported
against C. Albicans as well as C. dubliniensis (289 mg / l).36
Cumin oil antifungal activity was assessed on the growth of
90 fungal isolates in mycelia. Agar-well diffusion method was
applied to determine the inhibition of fungal growth at a
concentration of 100%. Cu-EO has been highly effective
against all tested fungal isolates. Once applied to the solid
medium, it was totally prevented mycelia growth of all fungi.37
Kosalec et al., tested the antifungal efficacy of essential oil of
7.
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