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Abstract

The objective of this work was to study the effect of the essential oils of lemon (Citrus lemon L.), mandarin (Citrus reticulata L.),
grapefruit (Citrus paradisi L.) and orange (Citrus sinensis L.) on the growth of moulds commonly associated with food spoilage: Asper-

gillus niger, Aspergillus flavus, Penicillium chrysogenum and Penicillium verrucosum, using the agar dilution method. All the oils showed
antifungal activity against all the moulds. Orange essential oil was the most effective against A. niger, mandarin essential oil was most
effective at reducing the growth of Aspergillus flavus while grapefruit was the best inhibitor of the moulds P. chrysogenum and P. ver-

rucosum. Citrus essential oils could be considered suitable alternatives to chemical additives for use in the food industry.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The growing awareness of consumers concerning the
relation between food and health is revolutionising the
food industry. New techniques such as high pressure, nano-
technology, irradiation, etc., are increasingly used to max-
imise the nutritional properties of foods, while new
ingredients with functional properties contribute to
improving health. The ‘‘elimination” of additives used in
a wide variety of foods is demanded, while ‘‘natural” addi-
tives are seen as a benefit for both quality and safety.

In the face of this challenge, researchers are looking for
new sources of ingredients and/or additives. One such
source may be agro-food co-products. In the production
of these new ingredients other, new co-products are gener-
ated, such as when fibre-rich citrus extracts are obtained
(Lario et al., 2004). These extracts have been shown to have
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antimicrobial properties in several foodstuffs (Fernandez-
Lopez, Zhi, Aleson-Carbonell, Pérez-Álvarez, & Kuri,
2005).

The use of chemical or synthetic agents with antimicro-
bial activity (as inhibitors, growth reducers or even inacti-
vators) is one of the oldest techniques for controlling
microorganism growth. The application of preservatives
to foods is fundamental if their safety is to be maintained.

Natural antimicrobials, whether of microbial, animal or
plant origin, which show bacteriostatic/fungistatic or bac-
tericidal/fungicidal lengthen the useful life of foods and
avoid, among other things, health-related problems, off-
odors, unpleasant tastes, textural problems or changes in
colour, which are basically caused by the enzymatic or met-
abolic systems of the principal microorganisms that lead to
the alteration of foods (Feng & Zheng, 2007; López-Malo,
Alzamora, & Guerrero, 2000).

Among natural antimicrobials are the essential oils
(EOs) extracted from many plants and fruits, and many
studies have described their antimicrobial effects (Angioni
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et al., 2003; Been, Akhila, & Abraham, 2007; Dehghan
et al., 2007; Jo et al., 2004; Salgueiro et al., 2006; Viuda-
Martos, Ruiz-Navajas, Fernández-López, & Pérez-Álvarez,
2007). Essential oils and their main components possess a
wide spectrum of biological activity, which may be of great
importance in several fields, from food chemistry to phar-
macology and pharmaceutics (Cristani, Mandalari, Sarpie-
tro, Venuti, & Saija, 2007). The main advantage of essential
oils is that they can be used in any foods and are considered
generally recognized as safe (GRAS) (Kabara, 1991), as
long as their maximum effects is attained with the minimum
change in the organoleptic properties of the food. Such anti-
microbial activity is due to the presence of bioactive sub-
stances such as flavonoids, terpenes, coumarines and
carotenes (Tepe, Daferera, Sokmen, Sokmen, & Polissiou,
2005). The objective of this work was to study the effect
of the essential oils of lemon (Citrus lemon L.), mandarin
(Citrus reticulata L.), grapefruit (Citrus paradisi L.) and
orange (Citrus sinensis L.) on the growth of moulds com-
monly associated with food spoilage including Aspergillus

niger, Aspergillus flavus, Penicillium chrysogenum and
Penicillium verrucosum.

2. Material and methods

2.1. Essential oils

The essential oil of orange (C. sinensis L.), ref. F70850L,
was obtained by cold-pressing the peel. Its density at 20 �C
was 0.85 g/mL, its refraction index at 20 �C was 1.47, while
its boiling point was 49 �C. Lemon (C. lemon L.) ref.
F70730L, mandarin (C. reticulata L.) ref. F70760L, and
grapefruit (C. paradisi L.) ref. F71345L essential oils were
obtained in the same way, while their corresponding densi-
ties and refraction indices (both at 20 �C) were: 0.85 g/mL
and 1.48 (lemon), 0.85 g/mL and 1.47 (mandarin) and
0.85 g/mL and 1.47 (grapefruit). Their corresponding boil-
ing points were 48, 49 and 52 �C. All the essential oils were
purchased from Ravetllat Aromatics, (Barcelona, Spain).

2.2. Antimicrobial activity

2.2.1. Microbial strains

The essentials oils were individually tested against a
panel of moulds, consisting of P. chrysogenum CECT
2784, P. verrucosum CECT 2906, A. niger CECT 2091
and A. flavus CECT 2685. All the above species were sup-
plied by the Spanish Type Culture Collection (CECT) of
the University of Valencia.

2.2.2. Agar dilution method

The food-pathogenic fungi were tested by the agar dilu-
tion method (Fraternale, Giamperi, & Ricci, 2003) with
some modification, in the appropriate culture media
(Potato Dextrose Agar, Oxoid, Basingstoke, Hampshire,
England). The oils tested were added to the culture medium
at a temperature of 40–45 �C, and then poured into Petri
dishes (10 cm diameter). Concentrations 0.27%, 0.47%,
0.71% and 0.94% were tested for mandarin, lemon, orange
and grapefruit essential oils. The moulds were inoculated,
as soon as the medium had solidified. A disc (9 mm in
diameter, Schlinder & Schuell, Dassel, Germany) of myce-
lial material, taken from the edge of five-day-old fungi cul-
tures, was placed at the centre of each Petri dish. The Petri
dish with the inoculum was then incubated at 25 �C. The
efficacy of treatment was evaluated each day during nine
days by measuring the diameter of the fungus colonised.
The values were expressed in millimetres diameter/day.
All tests were performed in triplicate.

2.3. Statistical analysis

Each parameter was tested in triplicate. Conventional
statistical methods were used to calculated means and stan-
dard deviations. Statistical analysis (ANOVA) was applied
to the data to determine differences (p < 0.05). To ascertain
significant differences between the levels of the main factor,
Tukey’s test was applied between means (Afifi & Azen,
1979). Statistical data analysis was undertaken using the
statistical package Statgraphics plus 2.0

3. Results and discussion

The essential oils of lemon, orange, mandarin and
grapefruit at the concentrations assayed all showed the
capacity to reduce or inhibit the growth of the moulds P.

chrysogenum, P. verrucosum, A. niger and A. flavus. Tables
1–4 show the growth of the moulds A. flavus, A. niger, P.
chrysogenum and P. verrucosum, respectively, during the
nine days under study. Table 5 shows the% growth reduc-
tions obtained with the essentials oils at day 9.

In the case of A. niger, its growth was completely inhib-
ited when a concentration of 0.94% of any of the EOs was
used. Orange EO produced the greatest reduction in myce-
lium growth with this fungus at 0.27%, 0.47% and 0.71%,
with percentage reductions of 29.5%, 36.4% and 48.1%,
respectively. The second most effective EO with this mould
was lemon EO, with reductions in mycelial growth of
21.6%, 26.0% and 40.0%, respectively, at the same
concentrations.

The mandarin and grapefruit EOs caused the lowest per-
centage of mycelial reduction in A. niger, although the
reduction obtained with the latter at 0.47% and 0.71% were
close to those obtained at the same concentrations with
lemon EO (14.7% and 31.9%, respectively), while at
0.27% the reduction provoked by this EO and mandarin
EO (6.7% and 5.1%, respectively) were much below those
obtained with orange and lemon EOs (29.5% and 21.6%,
respectively).

In the case of A. flavus, with A. niger, total inhibition of
growth was obtained with all the EOs at the highest con-
centration of 0.94%. In this case, though, the mandarin
EO showed the highest inhibitions of mycelial growth with
values of 55.5%, 62.8% and 64.8% at 0.27%, 0.47% and



Table 1
Antifungal activity of mandarin, lemon, orange and grapefruit essential oils using agar dilution method upon Aspergillus flavus

Diameter (mean and SD n = 3) of mycelial growth (mm) including disc diameter of 9 mm

0 day 1 day 2 days 3 days 4 days 5 days 6 days 7 days 8 days 9 days

Control 9.00 ± 0.00 10.2 ± 0.06 23.0 ± 0.07 37.4 ± 0.18 54.1 ± 0.03 66.2 ± 0.12 80.4 ± 0.13 87.3 ± 0.08 90.0 ± 0.00 90.0 ± 0.00

Mandarin
0.27%

9.00 ± 0.00aL 9.00 ± 0.00aL 17.4 ± 0.03bL 23.2 ± 0.16cL 28.4 ± 0.17dL 33.7 ± 0.18eL 36.0 ± 0.11fL 37.9 ± 0.16gL 39.7 ± 0.17hL 40.0 ± 0.11iL

Mandarin
0.47%

9.00 ± 0.00aA 9.00 ± 0.00aA 13.9 ± 0.06bA 18.2 ± 0.11cA 22.1 ± 0.09dA 26.0 ± 0.10eA 28.3 ± 0.06fA 30.1 ± 0.17gA 32.0 ± 0.19hA 33.5 ± 0.18iA

Mandarin
0.71%

9.00 ± 0.00aW 9.00 ± 0.00aW 12.2 ± 0.08aW 15.3 ± 0.09aW 16.5 ± 0.17aW 18.3 ± 0.07aW 23.8 ± 0.18aW 24.9 ± 0.08aW 29.8 ± 0.11aW 31.7 ± 0.11aW

Mandarin
0.94%

9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.07aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Lemon 0.27% 9.00 ± 0.00aL 9.00 ± 0.00aL 10.0 ± 0.07bM 17.7 ± 0.07cM 23.4 ± 0.08dM 28.3 ± 0.07eM 34.4 ± 0.07fM 37.3 ± 0.10gM 43.0 ± 0.08hM 44.0 ± 0.07iM

Lemon 0.47% 9.00 ± 0.00aA 9.00 ± 0.00aA 9.00 ± 0.00aB 14.5 ± 0.08cB 21.1 ± 0.13dB 27.0 ± 0.12eB 31.9 ± 0.17fB 37.0 ± 0.10gB 41.7 ± 0.07hB 42.4 ± 0.06iB

Lemon 0.71% 9.00 ± 0.00aW 9.00 ± 0.00aW 9.00 ± 0.00aW 9.00 ± 0.00aX 17.3 ± 0.16dX 23.5 ± 0.16eX 28.7 ± 0.14fX 33.1 ± 0.08gX 37.0 ± 0.10hX 38.6 ± 0.10iX

Lemon 0.94% 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Orange 0.27% 9.00 ± 0.00aL 9.00 ± 0.00aL 19.9 ± 0.15bN 28.7 ± 0.07cN 39.2 ± 0.18dN 48.9 ± 0.07eN 55.0 ± 0.10fN 62.9 ± 0.17gN 67.6 ± 0.13hN 76.2 ± 0.12iN

Orange 0.47% 9.00 ± 0.00aA 9.00 ± 0.00aA 14.8 ± 0.08bC 19.6 ± 0.11cC 27.1 ± 0.07dC 37.1 ± 0.06eC 46.0 ± 0.11C 52.0 ± 0.16gC 60.6 ± 0.07hC 67.3 ± 0.07iC

Orange 0.71% 9.00 ± 0.00aW 9.00 ± 0.00aW 12.5 ± 0.04bX 16.2 ± 0.16cY 23.1 ± 0.10dY 31.2 ± 0.11eY 37.8 ± 0.08fY 44.7 ± 0.19gY 52.5 ± 0.11hY 61.2 ± 0.17iY

Orange 0.94% 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Grapefruit
0.27%

9.00 ± 0.00aL 9.00 ± 0.00aL 19.1 ± 0.16bO 25.2 ± 0.111cO 30.6 ± 0.06dO 36.0 ± 0.07eO 38.7 ± 0.12fO 42.3 ± 0.07gO 45.3 ± 0.06hO 46.3 ± 0.18iO

Grapefruit
0.47%

9.00 ± 0.00aA 9.00 ± 0.00aA 17.0 ± 0.10bD 22.7 ± 0.08cD 26.4 ± 0.11dD 30.3 ± 0.13eD 32.5 ± 0.17fD 37.0 ± 0.10gB 40.2 ± 0.08hD 41.0 ± 0.08iD

Grapefruit
0.71%

9.00 ± 0.00aW 9.00 ± 0.00aW 15.4 ± 0.08bY 20.6 ± 0.10cZ 24.3 ± 0.13dZ 28.9 ± 0.09eZ 32.0 ± 0.12fZ 34.6 ± 0.14gZ 36.9 ± 0.16hZ 38.4 ± 0.09iZ

Grapefruit
0.94%

9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Values followed by the same small letter within the same line are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (L–O) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (A–D) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (W–Z) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (R–V) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
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Table 2
Antifungal activity of mandarin, lemon, orange and grapefruit essential oils using agar dilution method upon Aspergillus niger

Diameter (mean and SD n = 3) of mycelial growth (mm) including disc diameter of 9 mm

0 day 1 day 2 days 3 days 4 days 5 days 6 days 7 days 8 days 9 days

Control 9.00 ± 0.00 12.7 ± 0.12 18.9 ± 0.04 29.5 ± 0.08 34.7 ± 0.16 44.1 ± 0.03 53.8 ± 0.14 64.5 ± 0.12 72.1 ± 0.04 80.9 ± 0.17

Mandarin
0.27%

9.00 ± 0.00aL 9.00 ± 0.00aL 12.0 ± 0.04bL 21.3 ± 0.18cL 26.6 ± 0.16dL 35.0 ± 0.21eL 46.9 ± 0.09fL 56.1 ± 0.01gL 67.2 ± 0.19hL 76.7 ± 0.13iL

Mandarin
0.47%

9.00 ± 0.00aA 9.00 ± 0.00aA 11.7 ± 0.16bA 18.4 ± 0.04cA 23.0 ± 0.11dA 29.4 ± 0.12eA 39.1 ± 0.16fA 48.8 ± 0.10gA 58.7 ± 0.10hA 69.0 ± 0.05iA

Mandarin
0.71%

9.00 ± 0.00aW 9.00 ± 0.00aW 9.00 ± 0.11aW 13.1 ± 0.11bW 18.0 ± 0.13cW 23.5 ± 0.04dW 30.6 ± 0.11eW 38.5 ± 0.12fW 47.7 ± 0.13gW 55.1 ± 0.10hW

Mandarin
0.94%

9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Lemon 0.27% 9.00 ± 0.00aL 9.00 ± 0.00aL 17.3 ± 0.20bM 22.8 ± 0.16cM 28.8 ± 0.02dM 34.5 ± 0.06eM 41.0 ± 0.18fM 47.3 ± 0.07gM 55.3 ± 0.18hM 63.4 ± 0.04iM

Lemon 0.47% 9.00 ± 0.00aA 9.00 ± 0.00aA 12.2 ± 0.04bB 19.0 ± 0.09cB 25.4 ± 0.11dB 30.0 ± 0.02eB 39.1 ± 0.12fB 44.6 ± 0.02gB 53.0 ± 0.14hB 59.8 ± 0.11iB

Lemon 0.71% 9.00 ± 0.00aW 9.00 ± 0.00aW 10.0 ± 0.11bX 16.0 ± 0.04cX 21.0 ± 0.20dX 25.9 ± 0.10eX 32.9 ± 0.04fX 38.1 ± 0.09gX 43.1 ± 0.21hX 48.5 ± 0.08iX

Lemon 0.94% 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Orange 0.27% 9.00 ± 0.00aL 9.00 ± 0.00aL 10.0 ± 0.03bN 16.2 ± 0.03cN 20.3 ± 0.17dN 27.7 ± 0.03eN 35.0 ± 0.17fN 44.3 ± 0.15gN 50.0 ± 0.18hN 57.0 ± 0.05iN

Orange 0.47% 9.00 ± 0.00aA 9.00 ± 0.00aA 9.00 ± 0.00aC 13.0 ± 0.12cC 18.2 ± 0.05dC 24.6 ± 0.01eC 29.1 ± 0.13fC 37.0 ± 0.18gC 43.6 ± 0.13hC 51.5 ± 0.17iC

Orange 0.71% 9.00 ± 0.00aW 9.00 ± 0.00aW 9.00 ± 0.04aW 9.0 ± 0.16aY 9.9 ± 0.15bY 14.6 ± 0.05cY 21.7 ± 0.12dY 27.2 ± 0.20eY 35.1 ± 0.03fY 42.0 ± 0.10gY

Orange 0.94% 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Grapefruit
0.27%

9.00 ± 0.00aL 9.00 ± 0.00aL 15.4 ± 0.18bO 24.0 ± 0.11cO 32.0 ± 0.04dO 42.6 ± 0.12eO 51.7 ± 0.09fO 60.9 ± 0.04gO 70.2 ± 0.18hO 75.4 ± 0.19iO

Grapefruit
0.47%

9.00 ± 0.00aA 9.00 ± 0.00aA 10.7 ± 0.03bD 13.2 ± 0.10cC 20.8 ± 0.12dD 26.3 ± 0.08eD 34.0 ± 0.19fD 42.3 ± 0.17gD 52.0 ± 0.12hD 59.9 ± 0.10iB

Grapefruit
0.71%

9.00 ± 0.00aW 9.00 ± 0.00aW 9.00 ± 0.16aW 11.2 ± 0.02bZ 15.7 ± 0.09cZ 22.7 ± 0.07dZ 28.9 ± 0.10eZ 37.4 ± 0.15fZ 45.8 ± 0.05gZ 52.6 ± 0.02hZ

Grapefruit
0.94%

9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Values followed by the same small letter within the same line are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (L–O) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (A–D) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (W–Z) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (R–V) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
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Table 3
Antifungal activity of mandarin, lemon, orange and grapefruit essential oils using agar dilution method upon Penicillium chrysogenum

Diameter (mean and SD n = 3) of mycelial growth (mm) including disc diameter of 9 mm

0 day 1 day 2 days 3 days 4 days 5 days 6 days 7 days 8 days 9 days

Control 9.00 ± 0.00 11.4 ± 0.05 18.8 ± 0.10 20.0 ± 0.08 25.4 ± 0.03 33.7 ± 0.05 47.5 ± 0.02 56.3 ± 0.04 63.9 ± 0.04 78.8 ± 0.03

Mandarin
0.27%

9.00 ± 0.00aL 9.00 ± 0.00aL 15.1 ± 0.08bL 19.9 ± 0.10cL 23.2 ± 0.04dL 27.6 ± 0.05eL 34.9 ± 0.05fL 42.8 ± 0.04gL 50.6 ± 0.02hL 63.7 ± 0.09iL

Mandarin
0.47%

9.00 ± 0.00aA 9.00 ± 0.00aA 14.4 ± 0.15bA 18.5 ± 0.12cA 19.6 ± 0.02dA 24.0 ± 0.03eA 29.7 ± 0.03fA 38.2 ± 0.03gA 43.9 ± 0.01hA 50.6 ± 0.10iA

Mandarin
0.71%

9.00 ± 0.00aW 9.00 ± 0.00aW 13.7 ± 0.11bW 17.9 ± 0.11cW 18.7 ± 0.02dW 20.9 ± 0.04eW 25.7 ± 0.03fW 31.8 ± 0.03gW 37.3 ± 0.04hW 42.3 ± 0.07iW

Mandarin
0.94%

9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Lemon 0.27% 9.00 ± 0.00aL 9.00 ± 0.00aL 16.8 ± 0.10bM 19.1 ± 0.12cM 23.4 ± 0.08dM 29.7 ± 0.09eM 41.9 ± 0.06fM 48.4 ± 0.08gM 55.1 ± 0.07hM 61.2 ± 0.08iM

Lemon 0.47% 9.00 ± 0.00aA 9.00 ± 0.00aA 13.9 ± 0.12bB 15.2 ± 0.13cB 16.8 ± 0.12dB 25.8 ± 0.12eB 32.4 ± 0.08fB 38.0 ± 0.06gB 41.5 ± 0.11hB 48.5 ± 0.09iB

Lemon 0.71% 9.00 ± 0.00aW 9.00 ± 0.00aW 12.9 ± 0.09bX 14.7 ± 0.11cX 15.3 ± 0.09dX 20.2 ± 0.10eX 25.3 ± 0.07fX 30.9 ± 0.10gX 36.0 ± 0.06hX 41.2 ± 0.11iX

Lemon 0.94% 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Orange 0.27% 9.00 ± 0.00aL 9.00 ± 0.00aL 16.2 ± 0.11bN 18.9 ± 0.14cM 22.4 ± 0.11dN 31.3 ± 0.13eN 39.8 ± 0.11fN 44.5 ± 0.03gN 51.6 ± 0.05hN 58.9 ± 0.08iN

Orange 0.47% 9.00 ± 0.00aA 9.00 ± 0.00aA 15.1 ± 0.10bC 16.5 ± 0.10cC 19.3 ± 0.10dC 25.1 ± 0.10eC 30.7 ± 0.10fC 35.0 ± 0.05gC 40.7 ± 0.02hC 47.5 ± 0.11iC

Orange 0.71% 9.00 ± 0.00aW 9.00 ± 0.00aW 13.7 ± 0.13bW 14.5 ± 0.08cX 15.7 ± 0.03dY 19.6 ± 0.08eY 24.3 ± 0.10fY 28.5 ± 0.04gY 34.9 ± 0.10hY 40.3 ± 0.09iY

Orange 0.94% 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Grapefruit
0.27%

9.00 ± 0.00aL 9.00 ± 0.00aL 15.3 ± 0.10bL 18.0 ± 0.09cO 19.1 ± 0.07dO 24.5 ± 0.10eO 31.1 ± 0.10fO 36.9 ± 0.06gO 41.7 ± 0.07hO 50.8 ± 0.09iO

Grapefruit
0.47%

9.00 ± 0.00aA 9.00 ± 0.00aA 14.7 ± 0.08bD 16.9 ± 0.04cD 18.0 ± 0.05dD 21.2 ± 0.04eD 28.0 ± 0.01fD 33.1 ± 0.10gD 39.1 ± 0.08hD 46.3 ± 0.10iD

Grapefruit
0.71%

9.00 ± 0.00aW 9.00 ± 0.00aW 13.1 ± 0.07bZ 13.2 ± 0.02cZ 15.2 ± 0.11dX 20.2 ± 0.11eX 24.5 ± 0.03fZ 28.3 ± 0.09gZ 34.8 ± 0.13hY 40.9 ± 0.07iZ

Grapefruit
0.94%

9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Values followed by the same small letter within the same line are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (L–O) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (A–D) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (W–Z) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (R–V) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.

1134
M

.
V

iu
d

a
-M

a
rto

s
et

a
l./F

o
o

d
C

o
n

tro
l

1
9

(
2

0
0

8
)

1
1

3
0

–
1

1
3

8



Table 4
Antifungal activity of mandarin, lemon, orange and grapefruit essential oils using agar dilution method upon Penicillium verrucosum

Diameter (mean and SD n = 3) of mycelial growth (mm) including disc diameter of 9 mm

0 day 1 day 2 days 3 days 4 days 5 days 6 days 7 days 8 days 9 days

Control 9.00 ± 0.00 9.31 ± 0.02 18.0 ± 0.04 20.6 ± 0.03 24.4 ± 0.09 35.9 ± 0.08 49.5 ± 0.10 53.2 ± 0.11 65.8 ± 0.08 80.6 ± 0.13

Mandarin
0.27%

9.00 ± 0.00aL 9.00 ± 0.00aL 14.9 ± 0.03bL 19.5 ± 0.04cL 21.4 ± 0.06dL 26.8 ± 0.10eL 33.9 ± 0.06fL 42.1 ± 0.09gL 52.5 ± 0.11hL 66.8±0.03iL

Mandarin
0.47%

9.00 ± 0.00aA 9.00 ± 0.00aA 14.1 ± 0.07bA 17.5 ± 0.03cA 19.7 ± 0.07dA 24.1 ± 0.09eA 29.8 ± 0.08fA 38.2 ± 0.07gA 46.0 ± 0.08hA 55.5 ± 0.08iA

Mandarin
0.71%

9.00 ± 0.00aW 9.00 ± 0.00aW 13.5 ± 0.04bW 16.9 ± 0.08cW 18.8 ± 0.06dW 21.0 ± 0.07eW 25.8 ± 0.08fW 31.9 ± 0.07gW 40.9 ± 0.06hW 46.3 ± 0.11iW

Mandarin
0.94%

9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Lemon 0.27% 9.00 ± 0.00aL 9.00 ± 0.00aL 16.8 ± 0.02bM 19.0 ± 0.07cM 22.4 ± 0.09dM 29.7 ± 0.10eM 41.9 ± 0.08fM 48.4 ± 0.10gM 54.9 ± 0.07hM 64.1 ± 0.15iM

Lemon 0.47% 9.00 ± 0.00aA 9.00 ± 0.00aA 14.1 ± 0.02bA 15.1 ± 0.06cB 16.7 ± 0.07dB 25.7 ± 0.08eB 32.4 ± 0.09fB 38.0 ± 0.06gB 40.2 ± 0.08hB 50.0 ± 0.11iB

Lemon 0.71% 9.00 ± 0.00aW 9.00 ± 0.00aW 12.0 ± 0.05bX 14.7 ± 0.08cX 15.3 ± 0.07dX 20.2 ± 0.07eX 25.3 ± 0.07fX 30.8 ± 0.07gX 34.7 ± 0.06hX 42.6 ± 0.17iX

Lemon 0.94% 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Orange 0.27% 9.00 ± 0.00aL 9.00 ± 0.00aL 15.8 ± 0.07bN 18.0 ± 0.09cN 19.1 ± 0.06dN 24.5 ± 0.08eN 31.0 ± 0.06fN 38.9 ± 0.10gN 42.6 ± 0.08hN 52.8 ± 0.09iN

Orange 0.47% 9.00 ± 0.00aA 9.00 ± 0.00aA 14.6 ± 0.02bB 17.0 ± 0.07cC 18.1 ± 0.07dC 21.2 ± 0.09eC 28.1 ± 0.11fC 36.2 ± 0.11gC 40.3 ± 0.09hB 45.6 ± 0.16iC

Orange 0.71% 9.00 ± 0.00aW 9.00 ± 0.00aW 11.9 ± 0.11bX 16.3 ± 0.08cY 17.3 ± 0.08dY 20.3 ± 0.07eX 24.6 ± 0.10fY 31.3 ± 0.10gY 35.6 ± 0.10hY 41.7 ± 0.05iY

Orange 0.94% 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Grapefruit
0.27%

9.00 ± 0.00aL 9.00 ± 0.00aL 16.2 ± 0.05bO 17.8 ± 0.11cN 23.6 ± 0.07dO 27.4 ± 0.06eO 39.9 ± 0.07fO 44.6 ± 0.08gO 52.1 ± 0.10hO 59.6 ± 0.07iO

Grapefruit
0.47%

9.00 ± 0.00aA 9.00 ± 0.00aA 15.6 ± 0.08bC 16.7 ± 0.11cD 19.4 ± 0.08dD 25.3 ± 0.08eD 30.8 ± 0.08fD 35.1 ± 0.09gD 42.8 ± 0.11hC 48.5 ± 0.16iD

Grapefruit
0.71%

9.00 ± 0.00aW 9.00 ± 0.00aW 12.1 ± 0.09bX 14.6 ± 0.04cX 15.8 ± 0.10dZ 19.7 ± 0.09eZ 24.5 ± 0.10fY 28.6 ± 0.07gZ 35.8 ± 0.09hY 42.2 ± 0.10iZ

Grapefruit
0.94%

9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR 9.00 ± 0.00aR

Values followed by the same small letter within the same line are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (L–O) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (A–D) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (W–Z) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (R–V) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
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Table 5
Reduction percentage values of orange, lemon, mandarin and grapefruit essential oils upon the growth of Aspergillus flavus, Aspergillus niger, Penicillium

verrucosum and Penicillium chrysogenum

% Growth reduction (mean and SD n = 3)

Concentration (%) Aspergillus niger Aspergillus flavus Penicillium verrucosum Penicillium chrysogenum

Orange 0.27 29.5 ± 0.04aA 15.4 ± 0.03bA 26.1 ± 0.6cA 25.3 ± 0.02dA

0.47 36.4 ± 0.12aF 25.2 ± 0.08bF 39.9 ± 0.7cF 39.7 ± 0.08cF

0.71 48.1 ± 0.13aJ 32.0 ± 0.01bJ 47.7 ± 0.06cJ 48.8 ± 0.10dJ

0.94 100.0 ± 0.003aR 100.0 ± 0.00aR 100.0 ± 0.00aR 100.0 ± 0.00aR

Lemon 0.27 21.6 ± 0.05aB 51.1 ± 0.14bB 20.5 ± 0.01cB 22.3 ± 0.07dB

0.47 26.0 ± 0.09aG 52.9 ± 0.11bG 38.0 ± 0.02cG 38.4 ± 0.06dG

0.71 40.0 ± 0.12aK 57.2 ± 0.03bK 47.2 ± 0.16cK 47.7 ± 0.03dK

0.94 100.0 ± 0.00aR 100.0 ± 0.00aR 100.0 ± 0.00aR 100.0 ± 0.00aR

Mandarin 0.27 5.1 ± 0.11aC 55.5 ± 0.02bC 17.2 ± 0.07cC 19.2 ± 0.09dC

0.47 14.7 ± 0.08aH 62.8 ± 0.07bH 31.2 ± 0.11cH 35.7 ± 0.10dH

0.71 31.9 ± 0.06aL 64.8 ± 0.08bL 42.6 ± 0.12cL 46.3 ± 0.04dL

0.94 100.0 ± 0.00aR 100.0 ± 0.00aR 100.0 ± 0.00aR 100.0 ± 0.00aR

Grapefruit 0.27 6.7 ± 0.03aD 48.6 ± 0.10bD 34.5 ± 0.09cD 35.5 ± 0.18dD

0.47 25.7 ± 0.09aI 54.4 ± 0.12bI 43.5 ± 0.17cI 41.2 ± 0.08dI

0.71 35.0 ± 0.11aM 57.4 ± 0.06bM 48.3 ± 0.12cM 48.1 ± 0.07dM

0.94 100.0 ± 0.00aR 100.0 ± 0.00aR 100.0 ± 0.00aR 100.0 ± 0.00aR

Values followed by the same small letter within the same line are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (A–D) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (F–I) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (J–M) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
Values followed by the same letter (R–U) within the same column are not significantly different (p > 0.05) according to Tukey’s multiple range test.
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0.71%, respectively. This EO was followed in order of effec-
tiveness by lemon and grapefruit EOs, while orange EO
obtained values approximately half of those obtained with
the most effective (mandarin) 15.4%, 25.2% and 32.0%,
respectively for the same concentrations.

In so far as P. verrucosum is concerned, grapefruit EO
produced the best reduction figures, with values of 34.5%,
43.5% and 48.3% at concentrations of 0.27%, 0.47% and
0.71%, respectively. This was followed by lemon EO with
slightly lower reductions of 20.4%, 38.0% and 47.2% at
the same concentrations. Orange and mandarin showed
the lowest reductions, although it must be pointed out that
at 0.94% all four EOs produced the total inhibition of this
mould, along with A. niger and A. flavus.

Grapefruit was also the most effective EO in reducing
the growth of P. chrysogenum (reduction percentages of
35.5%, 41.2% and 48.1%), which is similar to the reductions
obtained with P. verrucosum. As with this mould, too,
lemon was the next best EO, showing values similar to
those obtained with grapefruit when used at concentrations
of 0.47% and 0.71% (38.4% and 47.7%, respectively). As
mentioned above all four EOs produced total inhibition
at 0.94%.

Few studied have examined the antifungal activity of cit-
rus essential oils (Caccioni, Guizzardi, Biondi, Renda, &
Ruberto, 1998; Sharma, & Tripathi, 2006 a,b; Shukla,
Shahi, & Dixit, 2000). Citrus essential oils are a complex
mixture of volatile compounds that show, among other
properties, antifungal activity by reducing or totally inhib-
iting fungal growth in a dose-response manner (Sharma &
Tripathi, 2006b). This activity may be produced by a single
major compound or by the synergistic or antagonistic effect
of various compounds (Deba, Xuan, Yasuda, & Tawata,
2007). Several authors have attributed the antifungal
capacity of citrus essential oils to the presence of compo-
nents such as el D-limonene, linalool or citral Alma
et al., 2004; Bezic, Skocibusic, & Dunkic, 2005; Rasooli,
Moosavi, Rezaee, & Jaimand, 2002; Rodov, Ben-Yoshua,
Fang, Kim, & Ashkenazi, 1995; Sonboli, Babakhani, &
Mehrabian, 2006; Tepe et al., 2006) which are present in
differing concentrations in citric EOs (Vekiari et al., 2002;
Veriotti & Sacks, 2001). Other author attributed this func-
tion to the phenolic compounds: the amphipathicity of
these compounds can explain their interactions with bio-
membrane and thus the antimicrobial activity (Veldhuizen,
Tjeerdsma-van Bokhoven, Zweijtzer, Burt, & Haagsman,
2006). In fact, the hydrophilic part of the molecule interacts
with the polar part of the membrane, while the hydropho-
bic benzene ring and the aliphatic side chains are buried in
the hydrophobic inner part of the bacterial membrane (Cri-
stani et al., 2007). Furthermore, the involvement of the
hydroxyl group in the formation of hydrogen bonds and
the acidity of these phenolic compounds may have other
possible explanations (Cristani et al., 2007).

Possible action mechanisms by which mycelial growth
may be reduced or totally inhibited have been proposed.
It is commonly accepted that it is the toxic effects of the
EO components on the functionality and structure of the
cell membrane that is responsible for the aforesaid activity
(Knobloch, Pauli, Iberl, Wigand, & Weis, 1989; Sikkema,
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de Bont, & Poolman, 1995). For example, Uribe, Ramirez,
and Peña (1985) relate low EO concentrations with changes
in the cell structure, which would inhibit respiration and
alter the permeability of the microbe cell membrane, while
high concentrations would provoke severe damage to the
membrane and the loss of homeostasis, leading to cell
death (Carson, Me, & Riley, 2002). Conner and Beuchat
(1984) suggested that the antimicrobial activity is produced
by interactions provoked by EOs in the enzymatic systems
related with energy production and in the synthesis of
structural components of the microbial cells. Omidbeygi,
Barzegar, Hamidi, and Nafhdibadi (2007), on the other
hand, suggests that components of the essential oils cross
the cell membrane, interacting with the enzymes and pro-
teins of the membrane, so producing a flux of protons
towards the cell exterior which induces changes in the cells
and, ultimately, their death. Cristani et al. (2007) reported
that the antimicrobial activity is related to ability of terp-
enes to affect not only permeability but also other functions
of cell membranes, these compounds might cross the cell
membranes, thus penetrating into the interior of the cell
and interacting with critical intracellular sites. Daferera,
Ziogas, and Polissiou (2000) reported that the fungitoxic
activity of EOs may have been due to formation of hydro-
gen bonds between the hydroxyl group of oil phenolics and
active sites of target enzymes

Lucini, Zunino, López, and Zygadlo (2006) indicated
that mycelial growth inhibition is caused by the monoter-
penes present in essential oils. These components would
increase the concentration of lipidic peroxides such as
hydroxyl, alkoxyl and alkoperoxyl radicals and so bring
about cell death. For Sharma and Tripathi (2006b), the
EOs would act on the hyphae of the mycelium, provoking
exit of components from the cytoplasm, the loss of rigidity
and integrity of the hypha cell wall, resulting in its collapse
and death of the mycelium.
4. Conclusions

The essential oils of orange, lemon, mandarin and
grapefruit show antifungal activity against the fungi A.

niger, A. flavus, P. chrysogenum and P. verrucosum. Orange
EO is the most effective against A. niger, while mandarin is
the best inhibitor of A. flavus. In the case of P. chrysogenum

and P. verrucosum, grapefruit EO is the most effective
growth reducer.

It seems, then, that citrus EOs could be considered suit-
able alternatives to chemical additives for use in the food
industry, attending to the needs for safety and satisfying
the demand of consumers for natural components.
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