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Seventeen microbial species including 10 fungal taxa, two yeasts and five bacteria, were isolated from freshly prepared
orange, guava and banana juices kept in open bottles at room temperature for 7 days. Eight different essential oils, from
local herbs, were tested for their antimicrobial activity against these test organisms. The essential oils of Cymbopogon citratus,
Ocimum basilicum and Origanum majorana were found to be highly effective against these microorganisms. Aspergillus niger,
A. flavus and Saccharomyces cerevisiae, the most prevalent microorganisms in juice, showed the highest resistance against
these essential oils. GC-MS analysis showed that while e-citral, a'-myrcene, and z-citral represent the major components
(75.1%) of the essential oil of Cymbopogon citratus; bezynen,1-methyl-4-(2-propenyl), 1,8-cineole and trans-a'-bisabolene were
the main components (90.6%) of Ocimum basilicum; whereas 3-cyclohexen-1-01,4-methyl-1(1-methylethyl)-(CAS), c-terpinene
and trans-caryophyllene represent the major components (65.1%) of Origanum majorana. These three essential oils were
introduced into juices by two techniques namely, fumigation and direct contact. The former technique showed more fun-
gicidal effect than the latter one against A. flavus, A. niger, and S. cerevisiae. The essential oil of Cymbopogon citratus by
comparison to other test oils showed the strongest effect against these fungi with a minimum inhibitory concentration of
1.5 gd/ml medium and a sublethal concentration of 1.0 zZ/ml. The antimicrobial activity of this oil is thermostable at 121°C
for 30 min.
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Essential oils of plants and their main components show aureus, Bacillus subtilis, Escherichia coli and Pseudomo-
antimicrobial activity against a wide range of microorgan- nas aeruginosa. Recently Mejlholm and Dalgaard (2002)
isms including antibiotic-resistant species of bacteria and found that oils of Oregano and Cinnamon showed the
fungi (Alviano ef al., 2005; Carson and Riley, 1995; El- strongest antimicrobial activity against Photobacterium
Kabouss er al., 2002; El-Kady ef al., 1993). They can also  phosphorium, followed by lemongrass, thyme, clove, bay,
affect both yeast and filamentous fungi (Bishop and marjoram, sage and basil oils. The essential oil of Orig-
Thornton, 1997; Delaquis ef al, 2002; Gowda et dl., anum majorana L., at the concentration of 1ml/ml, inhib-
2004; Krauze-Baranowska et al., 2002; Vagi et al., 2005) ited both A. niger and Trichoderma viride (Vagi et al.,
in addition to Gram-positive and Gram-negative bacteria 2005).
(Ali et al., 2002; Sechi et al., 2001). Variable results have The present investigation aimed at studying the antimi-
been observed depending on origin of antimicrobial sub- crobial activity of essential oils from some Egyptian
stance; testing conditions and target microorganisms. The plants against molds, yeasts and bacteria associated with
essential oil of C. citratus completely inhibited the growth the contamination of fruit juices and accordingly the pos-
of Neurospora sitophila, Penicillium digitatum, and Aspergil- sibility of using these oils as natural preservatives.
lus parasiticus (Shadab et al., 1992), and also exhibited
fungal toxicity against Aspergillus flavus (Mishra and Materials and Methods
Dubey, 1994). Its aqueous extracts completely inhibited
the growth of Macrophomina phaseolina and Botryodiplo- Juices. They were freshly prepared from fresh fruits of
dia theobramae, while it significantly reduced the growth orange, guava, and banana collected from the local mar-
of Gibberella fujikuroi and Fusarium solani (Bankole and ket of Zagazig City, Sharkia Governorate, Egypt. Fruits
Adebanjo, 1995). EL-Kamali et al. (1998) noticed that the were washed several times with water, dried and peeled
essential oils of Nigella sativa seeds, Cymbopogon citra- with a sterile knife. Under clean conditions berries were
tus leaves and Pulicaria undulata aerial parts (collected squeezed using handle machines or electrical blenders.
from Sudan) exhibited activity against Staphylococcus The resultant juice was filtered through pasteurized dou-
ble layers of cheesecloth and stored for seven days at
*Corresponding author <E-mail: dr helal56@hotmail.com> room temperature in opened presterilized juice bottles.
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Source of essential oils: The essential oils of Ocimum
basilicum L. (Basil), Carium carvi L. (Caraway), Foenic-
ulum vulgare Mill. (Fennel), Pelargonium radula 1. Herit
(Geranium), Cymbopogon citratus Stapf (lemongrass),
Origanum majorana L. (Origanum), Mentha piperita L.
(Peppermint) and Thymus capitatus (L.) Hoffmg. & Link
(Thyme), were kindly supplied by Sekem Company, Hik-
step, Cairo Governorate, Egypt.

Isolation. Bacteria, yeast and molds were isolated from
deteriorated fruit juices using the dilution plate method
(Johnson et al., 1959) on nutrient, Sabouraud’s and Cza-
pek’s agar media respectively. Serial dilutions (from 10~
to 107) were prepared from each juice. One ml aliquots
from the appropriate dilution were transferred aseptically
to each sterile Petri-dish. Agar plates of the three men-
tioned media were poured aseptically into the Petri-dishes.
Five replicates for each dilution from each media.

The agar plates were incubated at 37°C for 24 hr in
case of bacteria and yeast and 28°C for 5 days in case of
filamentous fungi. Developing colonies of bacteria, yeasts
and molds were counted, identified, and pure colonies
were obtained.

Culture media. Thee media namely, nutrient agar, Sab-
ouraud's and Czapek’s were prepared according to Gams
et al (1998). Nutrient medium (g//); bactopeptone
(Difco), 5.0; beef extract (Difco), 5.0 and NaCl, 5.0. Sab-
ouraud’s medium (g//); peptone (Difco), 10.0; glucose,
40.0; KH,PO,, 1.0; MgSO,7H,0, 0.5. Czapek’s medium
(g/); sucrose, 30.0; NaNO,, 3.0; KH,PO,, 1.0; KCI, 0.5;
MgSO,7H,0, 0.5. Agar 15 g/l was added for solidifica-
tion. The media are sterilized by autoclaving at 121°C for
15 min, unless stated otherwise. The pH of the media was
adjusted to 7.0 for bacteria, 6.5 yeast growth and 5.5 for
fungal growth before autoclaving. To suppress bacterial
growth in case of yeast and molds isolation, 1 m/ of Strep-
tomycin solution was added to each Petri-dish before
pouring media, to give as final concentration of 30~35

Identification of microbial isolates. Bacillus subtilis, B.
cereus, Staphylococcus aureus, Escherichia coli and
Pseudomonas sp. were identified according to Bergey’s
manual of determinative bacteriology (Holt er al., 1986).
Saccharomyces cerevisiae and Candida albicans were
identified according to Barnett ef al. (2000). Fungal iso-
lates were purified using single spore technique and iden-
tified according to Domsch et al. (1980), Kitch and Pitt
(1992), Moubasher (1993), Pitt (1979), Pitt (1986) Raper
and Fennell (1977) and Raper and Thom (1968).

Antimicrobial assay of essential oils.
Preparation of inocula: Inocula were prepared by

growing bacterial cells in nutrient broth medium and yeast
cells in Sabouraud's medium at 37°C for 24 hr. These cell
suspensions were diluted with the same broth medium to
provide initial cell counts of about 10° CFU (colony form-
ing unit)/ml. An aliquot of 1 ml/ is used each experiment.
Test fungi were cultured on Czapek’s medium, where
each flask was inoculated with a mycelial disc of 5 mm
diameter of five days old fungal culture.

Screening for the antimicrobial effect of essential oils:
Well cut diffusion method was used in this survey. Cul-
ture plates seeded with the desired tested organisms were
used in this test. Holes of “1 cm diameter” were cut using
a sterilized cork borer. After which drops of water agar
(15 g/l) were put in holes, then 50 g/ of each essential oil
were introduced into each hole. The plates were put in the
refrigerator for 2 hr and incubated at 37°C for 24 hr for
yeast and bacteria and at 28°C for 5 days for fungi. After
incubation, plates were viewed and the diameters of inhi-
bition zones were determined.

Determination of minimal inhibitory concentration
(MIC) of essential oils: The MIC of each oil under test
was determined using two techniques namely, contact and
fumigation methods.

The contact method: Broth media were prepared and
sterilized in 100 m/ capacity conical flasks, each contain-
ing 20 ml of the culture medium. Different amounts of the
essential oils under test were added to sterilized broth
medium to give the following concentration per m/: 10, 5,
4, 3, 2, 1.5, 1 and 0.5 2. One ml Tween-80// broth
medium was added as emulsifying agent. Tween-80 (1 ml/])
did not exhibit antifungal activity. Flasks were then inocu-
lated with one disc of 5 mm diameter for each flask of
seven day old fungal culture of test fungi. While in case
of yeast, flasks were inoculated with 1 m/ cell suspension
to give about 10° CFU/ml from 48 hr old culture. Flasks
were then incubated at 28°C for 5 days for fungal growth
and at 37°C for 24 hr for yeast cultures.

Standard curve of turbidity and cell number (per m/)
was made for yeast by growing them under the same cul-
ture condition (without addition of any of the essential
oils). Number of cells per m/ was counted using serial
dilution method as previously mentioned. At the end of
the incubation period, the optical density (O.D) for yeast
cultures was determined at 660 nm (using Spectronic 20
Spectrophotometer) then the cell density was calculated
referring the standard curve. On the other hand, fungal
growth was filtered through preweighted Whatman No. 1
filter paper. The growth of fungi was estimated gravimet-
rically by weighting the biomass after having dried at
80°C until constant weights were reached. The MIC was
determined from the lowest concentration at which no
growth occurs.

The fumigation method: The details of this method
were similar to these of the contact method except for the
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mode of application of the oil and the absence of Tween-
80. Hence, the desired amount of the essential oil was
aseptically absorbed on a piece of round, sterile filter
paper suspended at the top of flasks.

Percentage of inhibition for filamentous fungi

Vet dry weight of control cells
-Net dry weight of treated cells

Net dry weight of control cells %

Percentage of inhibition for yeast
{o of control cells-No of treated cells
X
No of control cells

]

Determination of the main components of the most
effective essential oils: The main components of three
oils showing the greatest activity were determined by
chemical analyses using Gas Chromatography/Mass Spec-
trometry (GC/MS) model Vinigan Mat SQQ 7000 at The
National Research Center, Giza, Egypt.

Fungicidal-fungistatic nature of essential oils. Fungi-
cidal-fungistatic nature of the oils was detected by the
technique of Thompson (1989). According to which one
ml of each of oil-inhibited yeast or mold broth medium
was reinoculated onto plates of Sabouraud’s or Czapek’s
agar medium and the revival of growth has been recorded.
The appearance of new growth means this concentration
of oil is fungistatic and the absence of growth means the
concentration is fungicidal.

Investigation of the thermal stability of C. citratus
essential oil: Discs of filter paper impregnated with sub-
lethal concentrations SLC and MIC of C. citratus essen-

tial oil were suspended in the flasks containing media
before and after autoclaving at 1.5 atmosphere for 30 min.
At the end of the experiment the antifungal activity of the
oil was determined as percentage of growth inhibition.

Results

Fungi and bacteria of deteriorated juice. A total of 12
genera and 17 species of microorganisms were isolated
from deteriorated juices (Table 1). Orange showed a total
colony count of (all organisms) 16.6 x 10°, guava 7.9 x
10" and banana 6.68 x 10" CFU/ml.

Fungal counts/ml juice in descending order was 1 x 10°
for guava, followed by 0.7 x 10 for banana, and 0.6 x 10"
for orange. These counts belonged to 10 taxa. As for gen-
era isolated, Aspergillus was the most predominant fun-
gus by showing total counts of 3.6 x 10°, 6.9 x 10’ and
3.3x 10" respectively from orange, guava and banana
juices. It was represented by 4 species namely; A. candi-
dus, A. flavus, A. niger and A. oryzae. Each of these spe-
cies was isolated from the three juices under test. The
second genus in view of total count was Penicillium. It
showed total counts of 1.7 x 10°, 0.9 x 10’ and 0.7 x 10"/
ml in orange, guava and banana juices, respectively. It
represented by only 2 species of which P digitatum from
orange and guava juice with total counts 1.3 x 10° and
0.9 x 10/ml and P. puberulum isolated from orange and
banana juices with total counts of 4 x 10° and 7 x 10/ml,
respectively. The remaining genera were represented by
one species each. B. cinerea was isolated from guava and
banana juices, C. herbarum, Mucor sp. and P. lilacinus
were isolated from the three juices under investigation.

Table 1. Microbial counts and changes of pH of fresh juice exposed to air for seven days at room temperature

Count/ml juice

Isolates

Orange Guava Banana
Aspergillus candidus Link 3x10°+26 12 % 10°+ 200 6x10"+39
Aspergillus flavus Link 12 x 10*+ 170 30 x 10°+ 180 14 x 10° £ 82
Aspergillus niger Van Tieghem 17 x 10* £ 115 20 x 10°+ 130 11 x 10°+£95
Aspergillus oryzae (Ahlb.) Cohn 42 x10°+95 7% 10°+70 2x 10"+ 41
Botrytis cinerea Persoon - 4x10°+26 4x10°+75
Cladosporium herbarum (Pers.) Link 2x10°+38 3x10°+ 56 4x10°+33
Mucor sp. 3x10°+36 710"+ 67 8 x 10"+ 57
Penicillium digitatum (Pers. ex Fr.) Sacc. 13 x10°+ 96 9x10°+ 60 -
Penicillium puberulum Bainier 4x10°+31 - 7x10°+77
Paecilomyces lilacinus (Thom) Samson 3x10°+35 8 x 10°+ 49 12x10°+ 75
Total count of filamentous fungi 0.6 x 10"+ 642 1.0 x 10"+ 838 0.7 x 10"+ 574
Bacteria 7.5 x 10"+ 2200 3.5% 10"+ 1900 1.8 x 10"+ 980

Yeast

Total count of microorganisms
pH (initial)

pH (final)

8.5 x 10"+ 4000
16.6 x 10" + 6842
3.8
4.1

3.4 x10"+2150
7.9 x 10" + 4888
3.6
3.8

4.2 % 10"+ 1000
6.7 x 10* + 2554
43
4.5

The values are mean of five replicates + standard deviation.

Molds isolated on Czapek agar medium pH 5.5, yeasts isolated on Sabouraud’s agar medium pH 6.5 and bacteria isolated on Nutrient agar

medium pH 7.
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Table 2. Antimicrobial activity as diameter of inhibition zone (mm) of the tested essential oils 50 z//hole against molds, yeasts and
bacteria isolated from fresh juices of orange, guava and banana

Diameter of inhibition zone/mm of essential oils extracted from

Organism Cymbopogon  Ocimum  Origanum  Thymus  Mentha  Foeniculum  Pelargonium  Carium
citratus basilicum  majorana  capitatus  piperita vulgare radula carvi
A. candidus 65+4 50+£6 31+3 42+3 36+3 25+3 25+2 22+2
A. flavus 50+5 24+2 29+3 30£3 29+2 26+3 22+2 -
A. niger 46+ 4 35+4 27+2 26+2 31+3 22+3 152 22+2
A. oryzae 66+3 24+2 245 28+3 374 25+2 14+2 23+3
Botrytis cinerea 120 120 120 120 120 120 120 120
C. herbarum 65+3 60+5 504 55+4 48+ 4 33+£3 28 +3 41+3
Mucor sp. 55+4 495 34+4 47+3 44 +£3 29+3 28 +£2 26+3
P. digitatum 41+4 32+£3 28+3 36+3 33+3 15+3 18+3 18+2
P. puberulum 37+3 33+2 27+3 28+4 34+3 17+2 20+3 27+3
Paecilomyces lilacinus 60+ 4 44 +4 27+2 43+3 36+3 - 28 +3 14+£2
C. albicans 25+2 28+2 23+2 30+3 23+2 12+2 14+2 18+2
S. cerevisiae 28+ 3 3142 2442 36+3 2242 12£2 13£2 2042
B. subtilis 45+ 4 42 +£3 30+3 54+3 30+3 26+2 18+2 28+3
B. cereus 66+4 54+4 51+3 50+3 48 £ 4 33+£3 36+3 45+3
S. aureus 42+3 36+3 303 36+4 30+3 32+3 26+3 29+2
E. coli 58+4 40+4 363 39+4 44 £3 304 28+3 38+3
Pseudomonas sp. 48+3 48+3 37+3 36+4 32+3 26+3 28+3 36+3

The values are mean of three replicates + standard deviation.

Yeasts with total counts of 8.5 x 10°, 3.4 x 10" and 4.2 x
10"/ml of orange, guava and banana juices, respectively
were predominant and represented by C. albicans and S.
cerevisiae.

Total counts of 7.5 % 10%, 3.4 x 10" and 1.8 x 10"/ml
bacteria were isolated from orange, guava and banana
juices and were represented with 4 genera (two Gram-
positive and two Gram-negative). The two Gram-positive
genera namely; Bacillus, represented by B. subtilis & B.
cereus and S. aureus, while the two Gram-negative gen-
era were E. coli and Pseudomonas sp.

Antimicrobial activity of essential oils against fungi
and bacteria isolated from fruit juices: Data pre-
sented in Table 2 indicated that all essential oils under test
process showed antimicrobial activity against molds,
yeasts and bacteria. Most of these oils delayed conidia-
tion of fungi. The feature of antimicrobial activity varied
not only from one essential oil to another but also among
microorganisms. The antimicrobial activity of all tested
oils was generally higher against bacteria than fungi and
yeast. Botrytis cinerea and Bacillus cereus revealed the
highest sensitivity to essential oils, while P. digitatum and
Candida albicans revealed the lowest sensitivity. B.
cinerea failed completely to grow in the presence of any
of the eight essential oils. The oil of lemongrass (Cymbo-
pogon citratus) was the most active against both molds
and bacteria. In view of antimicrobial activity the oil of
basil (Ocimum basilicum) comes next to lemongrass fol-
lowed by thyme (Thymus capitatus) and origanum (Orig-
anum majorana). By comparison, the remaining four
essential oils showed weaker effects. In descending order

activity, they came as follows: Mentha piperita, Foenicu-
lum vulgare, Pelargonium radula, and Carium carvi.

The data in the present part of study revealed that the

tolerance to the essential oils under test was found to be
higher in filamentous fungi than that of bacteria and yeast
fungi. Based on this observation the present study was
extended to investigate the effect of these oils on the
growth of A. flavus, A. niger and S. cerevisiae as test
organisms (for being very common).
Analysis of the most effective oils: Given in Table 3~5
the main components of the essential oils of the three
plants; Cymbopogon citratus, Ocimum basilicum and
Origanum majorana. Where the data clearly indicated that
the components are much different and the number of
components in common is very low.

Table 3 showed that lemongrass contained 19 com-
pounds accounting for 94.8% of the total oil components.
E-citral is the major component of this oil (65.4%). Table
4 revealed that basil oil comprised 17 compounds consti-
tuting 98.19% of the total oil components. Bezynen,l1-
methyl-4-(2-propenyl) is the major component (80.1%).
Table 5 showed that the oil of origanum contain a range
of also 17 compounds accounting for 78.97% of total oil
components. 3-cyclohexen-1-01,4-methyl-1(1-methylethyl)-
(CAS) is the major component (51.5%).

Minimum inhibitory concentration (MIC): In Table 6
the inhibition effect of essential oils on the test fungi was
studied. Oils were introduced in different concentrations
as fumigants and as contact materials. The data of this
Table clearly indicated that fumigation as a technique is
more effective than using the contact method. Growth of
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Table 3. Percentages of components of essential oil extracted from Cymbopogon citratus

Component Percentage
e-citral 65.4
a'-Myrcene 6.7
z-citral 3.0
1,2 cis-1,5-trans-2,5-dihydroxy-4-methyl-1-(1-hydroxy-1-isopropyl) cyclohex-3-ene 2.9
2-tridecanone (CAS) 1.9
(-)-Caryophyllene oxide 1.6
Geranyl acetate 1.6
8-Bromoneois olongifolene 1.4
Nerolidol 1.4
2-Methyl-4,5,6,7-tetrahydroisoidol: N-1-One 1.2
Junipercamphor 1.2
Oxiranecarboxaldehyde-3-methyl-3-(4-methyl-3-pentenyl)-(CAS) 1.1
Neric acid 1.0
Linalool 0.9
3,7-Nouadiene-2-01,4,8-dimethyl 0.8
1H-Benzocyclohepten-7,01,2,3,4,4a,5,6,7,8-actahydro-1,1,4a,7-tetramethyl-,cis (CAS) 0.8
4,8,13-cyclotetradecatriene-1,3-diol, 1,5,9-trimethyl-12-(1-methylethyl)-(CAS) 0.7
1-Cyano-4,9-dihydro-3-methyl-2-phenylpyrrolo [1,2-6] isoquinoline 0.5
Farnesol 0.4
2,5-Farandione, 3 (dodecenyl) dihydro 0.3
Total 94.8%
Table 4. Percentages of components of essential oil extracted from Ocimum basilicum
Component Percentage
Bezynen, 1-methyl-4-(2-propenyl) 80.1
1,8-cineole 6.7
Trans-a'-Bisabolene 38
Para methyl cinnamic aldehyde 2
(—)-caryophyllene oxide 1.6
E-cadinene 1.45
2-propenal,3-(3,4-dimethoxyphenyl)-(CAS) 0.52
Sabinene 0.41
Di-(2-ethylhexyl)phthalate 0.34
Palatambin 0.26
Lvcenin2 0.19
a'-pinene,(—)- 0.17
Isoaromadenolrene poxide 0.15
1,3-Dioxane-4,6-dione,2,2-dimethyl,5,5-bis(2-methyl-2-propenyl)-(CAS) 0.14
2-a'-pinenr 0.14
2 (1H)-Naphthalenones octahydro-ac-methyl-7-(1-methylethyl)-,(4a4,7 a',8a a')-(CAS) 0.12
Camphene 0.1
Total 98.19%

A. flavus and A. niger was completely suppressed by
fumigation with C. citratus at a concentration of 1.5 gd/ml.
Fumigation with both of O. majorana or O. basilicum at a
concentration of 5.0 zd/ml was required to inhibit growth
of A. flavus. Growth of A. niger was completely inhibited
by O. basilicum essential oil at a concentration of 4.0 s/
and more than 5.0 2/ of O. majorana essential oil/ml of
growth medium. Application of these oils by the contact
technique showed that higher concentrations of oils are
required to induce suppression. Growth of 4. flavus and
A. niger required 2.0 gd of C. citratus and 10.0 g or more

of O. majorana essential oils/ml medium. Also higher
concentrations of the essential oil of O. basilicum were
required to inhibit growth of 4. flavus and A. niger, while
the former required 5.0 ml/ml the later required 4.0 zd/ml.

As for S. cerevisiae data indicated that fumigation of
Sabouraud’s broth medium with 2.0 zd/ml of C. citratus
or 3.0 gd/ml of either O. majorana or O. basilicum com-
pletely inhibited growth of S. cerevisiae. Meanwhile,
4.0 gd of C. citratus or 5.0 pl of O. basilicum or O. majo-
rana prevented the growth of the yeast when any of these
oils were applied by contact technique.
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Table 5. Percentages of components of essential oil extracted
from Origanum majorana

Component Percentage
3-cyclohexen-1-01,4-methyl-1(1-methylethyl)-(CAS) 51.5
C-Terpinene 9.2
Trans-caryophyllene 44
Sabinene 33
Linalyl acetate 2.4
A-Terpinolene 1.9
Bicyclogermacrene 1.4
Cyclohexane-(1,)-dimethylethyloxy)-2-methyl-(CAS) 1.1
A-pinene,(-)- 0.73
Spatholenol 0.67
P-Methane-1,2,3,-triol(CAS) 0.57
4-Terpinenyl acetate 0.52
Isospatholenol 0.48
1,2,3-Trihydroxy-p-methane 0.25
Di-(2-ethyl hexyl)phthalate 0.25
Lucenin2 0.2
(E.E)-Farnesylacetone 0.1
Total 78.97%

Resubculture inocula from the three test fungi inhibited
by MICs of the three essential oils into nonfumigated
media were negative, confirming the fungicidal effect of

these concentrations. Also, C. citratus essential oil was
the highest in its antimicrobial activity than the other two
oils, and the sublethal (SLC) dose of this oil (1 /ml
medium) when applied by fumigation inhibit 65%, 73%
and 97% of A. flavus, A. niger and S. cerevisiae growth,
respectively.

Thermal stability of C. citratus essential oil as antifun-
gal agent: For being the highest in antimicrobial activ-
ity with a sublethal dose of 1 xl/m/ when applied by
fumigation technique C. citratus was selected to study its
thermal stability. The data presented in Table 7 demon-
strate that the percentage of growth inhibition is nearly the
same and there is no significant difference between the
antifungal activity of autoclaved and nonautoclaved C. cit-
ratus oil at SLC and MIC against the three test fungi.

Discussion

In the present study, microbial count (CFU/ml/) of deterio-
rated juice showed that orange hold higher counts by
comparison to guava and banana. Counts of total fungi
(Molds and yeasts) were higher than that of bacteria. The
increasing in fungal count should be attributed to the high
acidic pH values of these fruit juices “3.6~4.3” (Brad-

Table 6. Effect of different concentrations of essential oils on the growth of test organisms

Percentage of growth inhibition*

Organism CO(;n(c)ieln t;ll;[;”oln Cymbopogon citratus** Ocimum basilicum Origanum majorana
contact fumigation contact fumigation contact fumigation
0.5 10+2 15+£2.6 23+2.6 33+2.6 22+44 35+5.6
1.0 40+ 1 65+3.6 30+3.6 40+5.6 25+3.6 42+3.6
1.5 63+5 100 33+2.6 46+3.6 35+4.4 52+1.7
Aspergillus 2.0 100 " 41+6.2 60=+6.6 38+53 56+44
Aavus 3.0 " " 57+5.5 67+53 52+2.6 58+5.5
4.0 " " 58+3.6 73+3.6 58+3.6 68+5.6
5.0 " " 100 100 68+6.2 100
]0.0 n n n " ]00 "
0.5 39+43 31+4.6 10+3.6 23+£3.6 23+44 37+5.6
1.0 43+£2.6 73+3.6 23+3.6 35+£2.6 25+4.6 58+3.6
1.5 74+4.6 100 55+72 51+3.6 28+44 61+1.7
Aspergillus 2.0 100 " 61+6.2 55+7.0 58+5.3 64+44
niger 3.0 " " 74+44 74+44 63+2.6 67+55
4.0 " " 100 100 66+3.6 75+5.6
5.0 " " " " 72+6.2 86+3.6
10.0 " " " " 86+ 4.6 100
0.5 7142 91+2.6 62+2.6 82+2.6 52+4.4 76 +£5.6
1.0 80+ 1 97 £3.6 69+3.6 84+£5.6 60 +3.6 81+3.6
Saccharomyces 1.5 88+5 99+3.6 76+2.6 87+3.6 65+4.4 85+1.7
cerevisiae 2.0 93+5 100 84+6.2 90+ 6.6 70+5.3 91+44
3.0 98 +5 " 89+55 100 85+2.6 100
4.0 100 " 93+3.6 " 94+3.6 "
5.0 " " 100 " 100 "

The values are mean of three replicatest standard deviation (P <0.01).
A. flavus & A. niger grown on Czapek’s broth medium pH 5.5 at 28°C for 5 days and S. cerevisiae grown on Sabouraud’s broth medium pH

6.5 at 37°C for 24 hr.

*For percentage of growth inhibition sees Materials and Methods.
**The results of Cymbopogon citratus were previously mentioned by Helal ef al. (2006a & b; 2007).



Antimicrobial Activity of Some Essential Oils Against Microorganisms Deteriorating Fruit Juices 225

Table 7. Effect of autoclaving on the antimicrobial activity of Cymbopogon citratus oil fumigated against test organisms

Percentage of growth inhibition

Concentration

7 *
of oil (ud/mi) Aspergillus flavus

Aspergillus niger*

Saccharomyces cerevisiae™*

non autoclaved autoclaved non autoclaved autoclaved non autoclaved autoclaved
1.0 T1+2.2 68 +2.0 70+ 3.0 68+ 1.0 98 +4.0 95+3.6
1.5 100 100 100 100 100 98.8

The values are mean of three replicatest standard deviation.

*A. flavus and A. niger grown on Czapek’s broth medium pH 5.5 at 28°C for 5 days.
**S. cerevisiae grown on Sabouraud’s broth medium pH 6.5 at 37°C for 24 hr.

dock, 1999; Chen ef al., 1993). The most prevalent fungi
were species belonging to the genera of Aspergillus (4
species), Penicillium (2 species) and yeasts (2 species). In
a previous study of Hemida (2004) found that many of
the preceding species especially A. niger, A. flavus, P. dig-
itatum and S. cerevisiae were also predominant among the
mycoflora associated with several juices and foodstuffs.
Fermentative yeasts, particularly S. cerevisiae, are known
to be common spoilage agents in refrigerated citrus juices,
because of their capacity to produce copious amounts of
CO, and ethanol (Braddock, 1999; Chen et al, 1993).
Essential oils and their constituents are contemporary
applied in food preservation and in the manufacture of
medicinal antimicrobial agents and disinfectants (Voda et
al., 2003). Botrytis cinerea is the only organism that failed
completely to grow in the presence of any of the eight
oils tested (Table 2). Except caraway oil (against 4. fla-
vus) and fennel oil (against Paecilomyces lilacinus), all
essential oils tested in the present study showed inhibi-
tory activity against all microorganisms isolated from
orange, guava and banana juices. Inhibition of microbial
growth by essential oils has been previously recorded.
While Romagnoli er al. (2005) noticed that P. digitatum
was inhibited with 1.25 gd/ml and B. cinerea with 10 gd/ml
of Tagetes patula essential oil, Daferea et al. (2000) also
noticed that 400 gd/ml Origanum majorana essential oil
totally inhibited the mycelial growth of P. digitatum. The
same oil inhibited the growth of the common spoilage
fungus A4. niger at the concentration of 10 g//ml broth
with 91.5% inhibition effect (Baratta et al., 1998). In the
present study, lemongrass oil revealed the greatest poten-
tial of antimicrobial activity against all test organisms (10
molds, 2 yeasts and 5 bacteria). This oil was followed by
basil, thyme and origanum oils. Dube er al (1989)
showed that the essential oil of Ocimum basilicum at a
concentration of 1.5 ml/l completely suppressed the myce-
lial growth of 22 species of fungi including the myc-
otoxin producing strains of A. flavus and A. parasiticus. In
a comprehensive study by Pattnaik e al. (1996) the anti-
microbial activity of some essential oils against 22 bacte-
rial strains, including Gram-positive cocci and rods,
Gram-negative rods and 12 fungi were studied using disc
diffusion method. Lemongrass, eucalyptus and pepper-

mint essential oils were found to be effective against all
tested bacterial strains. They noticed also that aegle and
palmarosa oils inhibited 21 bacteria, patchouli and agera-
tum oils inhibited 20, and citronella and geranium oils
were inhibitory to 15 and 12 strains, respectively. All the
test fungal species were inhibited by 7 oils namely aegle,
citronella, geranium, lemongrass, orange, palmarosa and
patchouli. Eucalyptus and peppermint oils were effective
against 11 fungal species. Ageratum oil was inhibitory to
only 4 of the test fungi. The minimum inhibitory concen-
tration of eucalyptus, lemongrass, palmarosa and pepper-
mints oils ranged from 0.16 wl/ml to 720 gd/ml for 18
bacteria and from 0.25 gd/ml to 10 gd/ml for 12 fungi. A
screening of the level of inhibitory activity among 51
essential oils tested by Hili ef al. (1997) using drop diffu-
sion method, showed that the value varied from 0.3 to
90% of total growth of Escherichia coli, Staphylococcus
aureus, Schizosaccharomyces pombe, Saccharomyces cer-
evisiae, Candida albicans and Torulopsis utilis. In a com-
parison study, Mejlholm and Dalgaard (2002) observed
that Oregano, cinnamon and lemongrass oils possess
strong antimicrobial activity by comparison with thyme,
clove, bay marjoram, sage and basil oils. They reduced
the growth rate of the seafood spoilage microorganism
Photobacterium phosphoreum. In a study by Guynot et al.
(2003) showed that out of 17 essential oils tested only
seven namely; cinnamon leaf, lemongrass, thyme, bay,
clove, peppermint and basil inhibited growth of Eurotium
amstelodami, E. herbariorum, E. repens, E. rubrum, A.
flavus, A. niger and P. corylophilum commonly causing
deterioration of bakery products. Nielsen and Rios (2000)
have proved that volatile substances from mustard, cinna-
mon, garlic and clove essential oils were efficient in the
control of common bread spoilage fungi. However com-
parison of the data obtained by different studies is diffi-
cult; because of differences in plants extract compositions,
in methodologies followed to assess antimicrobial activity
and in test microorganisms chosen (Hammer ez al., 1999).

Essential oils are natural mixtures of hydrocarbons (ter-
penes), oxygen-containing (alcohols, aldehydes, ketones,
carboxylic acids, ethers, lactones) and sulfur-containing
(sulfides, disulfides and trisulfides) organic substances of
plant and animal origin (Voda et al., 2003). El-Kady et al.
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(1993) stated that there is a relationship between the
chemical structure of the most abundant compounds in the
essential oil and the antimicrobial activity. It would also
be worthy to be cited here that the composition of any
plant essential oil is influenced by the presence of several
factors such as; local, climate, plant species, methodology
and experimental conditions (Daferea er al., 2000; Mishra
and Dubey, 1994; Prudent et al., 1995). These factors may
alter the biological and antimicrobial activities of the oils
produced (Shu and Lawrence, 1997; Vardar-Unlii et al.,
2003). Distillation time and temperature can also signifi-
cantly affect the oil constituents (Janssen et al., 1987).
The oil chemistry profile obtained from GC-MS analysis
of these oils showed that the major components of three
tested oils were terpenoids. Cymbopogon citratus oil con-
tain e-citral (65.4%), z-citral (3.0%) and a-myrcene
(6.7%) Ocimum basilicum oil contain bezynen,1-methyll-
4-(2-propenyl) 80%, cineole 6.7% and bisabolene 3.8%
in, Origanum majorana oil contain 51.5% 3-cyclohexen-
1-01,4-methyl-1(1-methylethyl)-(CAS), 9.2% C-terpinene
and 4.4% Trans-caryophyllene.. It is well known that ter-
penoids possess strong antimicrobial activity (Singh ez al.,
2002; Vagi et al., 2005). Among these terpenoids, Citral,
geraniol and citronellol showed the highest antifungal
activities (Viollon and Chaumont, 1994). According to
Suhr and Nielsen (2003) the main components of Cymbo-
pogon citratus oil are; D-limonene, 3.14%; geranial 4.2%,
geranial (citral a), 31.93% and neral (citral b) 45.99%.
Chemically, citral is an isomeric mix of geranial and
neral, both are well known antimicrobial agents of promi-
nent activity against bacteria and fungi (Guynot et al.,
2003; Inouye et al, 2001; Kim et al, 1995). Citral is
thought to be responsible for the resistance toward post-
harvest fungal infections of lemons (Rodov et al., 1995)
and preventing spoilage induced by food borne organ-
isms (Kim ef al., 1995). Citral is the main constituent of
Cymbopogon citratus essential oil in the present study and
also in other studies by Hammer et al. (1999), Inouye et
al. (2001) and Friedman ef al. (2004). The antimicrobial
action of Backhousia citroidora oil was believed to be
directly related to its high citral content (Wilkinson et al.,
2003). A great number of components such as; terpinene,
cineole, pinene, sabinene recorded in the oils of Ocimum
basilicum and Origanum majorana were also noticed by
Christoph ef al. (2000) and Cox et al. (2001) in Mela-
leuca alternifolia (tea tree oil), in Thymus revolutus oil by
Karaman ef al. (2001) in 7 x-porlock and T. eriocalyx oils
by Rasooli and Abyaneh (2004) and also in Origanum
vulgare oil by Sahin ef al. (2004). In the present study
linalool (as a component of lemongrass oil) and linalyl
acetate (as a component of origanum oil) are present also
in Salvia sclarea essential oil, both exhibited antifungal
activity against Sclerotinia sclerotiorum, Sclevotium cepiv-
orum and Fusarium oxysporum (Pitarokili et al., 2002). It

has been concluded that the antimicrobial activity of
essential oils can differ from that of their major constitu-
ents when tested separately probably due to the presence
of synergistic or antagonistic effects resulting from the minor
components (Lis-Balchin ef al., 1998a, b; Pitarokili ez al.,
2002).

Aspergillus flavus and A. niger are saprophytic molds
capable of growing upon a wide range of organic sub-
strates and often cause deterioration of stored food materi-
als (Samson et al., 1995). These species are known to
produce mycotoxins notably 4. flavus (aflatoxin) and A.
niger (nigragillin, malformins, naphthoquinones and oxalic
acids) (Frisvad, 1988; Northolt and Soentoro, 1988; Pitt
and Hocking, 1997). They are potentially able to cause
mycotic diseases to human and other vertebrates (de Hoog
et al., 2000). S. cerevisiae is the most common spoilage
agent in refrigerated citrus juices (Braddock, 1999; Chen
et al., 1993). In the present study growth of these fungi is
inhibited by each of the eight essential oils tested (Table
2), especially C. citratus, O. basilicum and O. majorana
essential oils. Although the majority of these essential oils
are classified as Generally Recognized As Safe (GRAS)
(Kabara, 1991), their use in foods as preservatives is often
limited due to flavor concentrations, since effective anti-
microbial doses may exceed organoleptically acceptable
levels. Therefore, there is an increasing demand for accu-
rate knowledge of the minimum inhibitory (effective) con-
centrations (MIC) of essential oils to enable a balance
between the sensory acceptability and antimicrobial effi-
cacy. This could be achieved in vitro using dilution
method which provides more quantitative results as rec-
ommended by Manou et al. (1998). The present data
showed that C. citratus essential oil appear to be more
toxic than that of O. basilicum and O. majorana essential
oils against A. flavus, A. niger and S. cerevisiae. It caused
complete growth inhibition of the three fungi at 1.5 or
2.0 gd/ml medium when applied by fumigation or contact
methods, respectively. i.e., the MIC in case of fumigation
method is less than that when the oils applied by contact
method in the medium. Mishra and Dubey (1994) recorded
that lemongrass oil exhibited a broad spectrum of fungi-
toxicity by inhibiting the growth of 35, 45 and 47 fungal
species, which cause deterioration of stored food com-
modities including 4. flavus and A. niger. This oil was
also found to be the second highest active as anti Tricho-
phyton among seven oils namely; cinnamon bark, thyme,
perilla, lavender, tea tree and citron essential oils. The
antifungal activity of these oils against Trichophyton men-
tagrophytes and 1. rubrum was more enhanced by vapor
action than solution contact (Inouye et al., 2000, 2001).
These authors suggested that this might be caused by the
combined effect of vapor action on mycelia or spores and
action after absorption on agar. The different MIC values
obtained for each of the three essential oils applied by
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fumigation or contact methods show that the level of anti-
microbial activity of essential oils is closely dependent on
the screening method used (Delespaul ef al., 2000). It has
been reported that the antifungal effect of essential oils is
dependent on the application method, for example, larger
phenolic compounds such as thymol and eugenol (Thyme,
cinnamon and clove) had the best effect when applied
directly to the medium, whereas smaller compounds such
as allyl isothiocyanate and citral (mustard and lemon-
grass) were most efficient when added as volatiles (Suhr
and Nielsen, 2003).

Data obtained in the present study, showed that C. cir-
ratus essential oil was not affected when preautoclaved at
121°C for 30 min. This thermostable nature of the oil fun-
gitoxicity was previously reported by Mishra and Dubey
(1994) at concentrations of 1000 and 1500 ppm after 5~
100°C treatments. They added that this oil was also non
phytotoxic, exhibited no animal toxicity, more efficacious
than 10 synthetic fungicides and its potency is not
affected by increasing the density of the inoculums of the
tested A. flavus. These advantages and others such as anti-
toxic property (Helal ez al., 2007) and antioxidant activity
(Helal et al. unpublished data) increase the possibility of
using C. citratus essential oil for juice preservation in
future studies.
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