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ABSTRACT

The essential oils werextractedby hydro-distillation from the leaves of citrus liging hydrodistillation. The
largest yields were recorded wigitrus limonL (1.02%) andCitrus sinensig0.96%).GC/SM of the essential oil Gftrus
reveled limonene (7.18 —36.10%), 3- pinene (4.38.0%) and linalool (0.21 —63.03%) as the principajor compounds.
Essential oils of citrus exhibit a strong inhibgieffect on the development Afternaria alternataon leaves and potato.
Low concentrations generate the lowest severitgxad of disease for all citrus speci@scording to the results, the

essential oils of citrus could be used as poteatitifungal agents for the control Afternaria alternata in vivo
KEYWORDS: Citrus, Essential OilsAlternaria Alternata Potatg In VivoAntifungal Activity

INTRODUCTION

The phytopathogenic fungi are known to cause séysaat diseases and yield losses for many ecorallyic
important crops (Fletcher et al., 2006; AbdelKagteal, 2012.). In agriculture, each year thereadnut loss of efficiency
of about 20% mainly due to fungal diseases (Bajwad.£2004).

The genus Alternaria includes saprophytes and pbathogens (Thomma, 2003). It has over 100 species
ubiquitous extremely common in soils, vegetatiom, @& food (Calmes, 2011). Due to their growth, mvat low
temperature, Alternaria spp are pathogens postsiafamiliar, responsible for food spoilage durimdrigerated transport
and storage (Ostry, 2008). The economic lossesnaialy related to the reduction in quality due ta@ecrease in the

nutritional value (Kosiak et al., 2004).

Algeria is the second largest potato producer @Ahab world and in Africa after Egypt with a pration of
4.219.476.00 ton in 2012 (FAOSTAT 201Ajternaria alternatais one of prevalent pathogens causing brown lgeatf gn
potato worldwide (Thomma, 2003).

The disease brown spots on leaves is known as fottre onost destructive and communes of potatods/atdd
in regions with frequent precipitation and highatele humidity conditions. The disease can occumonide range of

climatic conditions (Pitt and Hocking, 2009).

Studies were conducted vitro andin vivo to evaluate the antifungal activity of essentidd of citrus and their

active compounds. They reported their inhibitora/@rs against some phytopathogenic fungi such asmétia, Fusarium,
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16 Fatima Zohra Hamdani & Rachida Allem

Penicillium and Aspergillus (Sharma and TripathD20Viuda-Martos eél., 2008; Cosic eal, 2010;. Gumus et al. 2010;
Philips etal, 2012; Hamdani et al, 2015; Hamdani et allem,30This study aims to evaluate the antifungalvitgtiof

essential oils of citrus in vivo againsiternaria alternata.

MATERIALS AND METHODS

Plant Materials

Fresh leaves dofitrus sinensis, Citrus aurantiuand Citrus reticulatewere collected from the adult trees of the
orchards of Chlef, Algeria during Mars (2011).

Fungal Strain Used

Alternaria alternatewas providing from the Culture Collection of thédamatory of the pathology of the plants,
Institute of agronomic sciences, university of Ghlghe fungal strain cultures were maintained dPogato Dextrose Agar
(PDA) at 22 + 2° C.

Extraction of Essential Oil

Fresh leaves ofitrus sinensis, Citrus aurantiund Citrus reticulatewere hydrodistilled in a Clevenger-type
apparatus for 3h to obtain essential oil. 300geafés were in boiling water during distillation.eTdbtained essential oils

were dried over anhydrous sodium sulphate and&ept’C for other experiments. Yield of leaf esgdrtil was 1.02 %.
Analyze GC / MS

The composition of the oil was analyzed using HéwRackard 6890 gas chromatograph and Agilent
Technologies HP 5973N mass spectrometry equippdaniP5MS capillary column (30 m x 0,25 mm, thieks of film
0,25 p m). Oven temperature was initially held 60during 2 min, then increased 260° C at a rateé Y&/min and held
for 10 min. Carrier gas was helium at a flow ratel dfinl /min). Components were identified by compgriheir mass
spectra with Wiley and NIST library data and staddaof the main components. Quantification of congmd® was

obtained by integrating the peak area of the chtognam (Hamdani et al, 2015) .
Antifungal Activity on Potato Leaf

The evaluation of the antifungal potential of thesential oilin vivo was determined by direct contact, the
essential oil is added directly to the culture medito allow good adhesion of the oil with all ottleaf area and reduce

the risk of evaporation of the essential oil (Fehgl., 2011).

After disinfecting a surface followed by severaises with distilled water, leaflets were placedPetri dishes 9
cm in diameter on water agar 4% to ensure satgrdimidity throughout the test.. Inoculation of tkaflets was made
using 20 pl of a spore suspension®6pdres/ml) divided into six points. The dilutionedsential oil was made in ethanol
(10 pl/ml ethanol) to prepare solutions at différesncentrations (1, 0.5, 0.25, 0.125 and 0.06256i)g

The essential oil was tested using three treatnapytication namely preventive, curative and atgame time.
For preventive tests, the essential oil is used@4rs before inoculation of the leaflets by therspsuspension and it is
used 24 h after inoculation for curative tests. e test at the same time, the essential oil pplead 5 min after
inoculation with the spore suspension. Controlsheit essential oils for each test were preparethénsame as the

treatment. .
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The Petri dishes are incubated in the dark for d8r$ and after placed in the light under ambiehbtatory
conditions (El abdellaoui edl., 2005). Each test is repeated three times. Sgdhia disease severity is calculated by
reference to leaf area and estimated from thegaiiale Notteghem et al. (1980). The severity indecalculated using

the formula:
1S= (¥ Xini/9Nt)*100
IS:Disease severity index.
Xi:Disease severity.
ni:number of leafs with the severity of the disease
Nt: Total number of leafs
Antifungal Activity on Wound-Inoculated Potato Tuber

Experiments were conducted with commercial potatet Solanum tuberosuymvar Spunta of Chlef, Algeria.
Fresh potato tubers were harvested at the matage sind sorted based on size and absence of ghygices or disease
infection. Surface potato tubers were sterilized prepared for inoculation by inflicting a deep rimdund as described
by (Entsar and Badawy, 2012). The tubers were mahddistributed into groups of ten tubers and threglicates were
used for each treatment. The first treatments (d&me tubers were dipped in the essential oil totuof concentration 1

mg / ml diluted in ethanol for five minutes follodidy a dipping in the inoculums for 3 minutes.

Preventative treatments were done by an initialyapg of Citrus oil by spraying (100Qug/ml) to injured potato
tuber for five minutes, 24 hours before soakingha inoculum for 3 minutes (Plooy et al., 2009).n€ol treatments
consisted of spraying the wounded potato tuber siihile water only, before or after inoculationraelevant. Potato tubers
inoculated were incubated in an incubator at 20°+2 After fifteen days of incubation, they wemvealed to be stored
under ambient laboratory conditions for two monthfter storage, the number of wounds that showsdatie symptoms

was recorded and disease incidence (%) was caddudest follows:

number of infected wounds

Disease incidencBI (%) = ( )xlOO

total wounds per replicate
Statistical Analysis

Mean values and standard deviations were calcufatedll tests and were subjected to statisticallysis using

Statistica.06, Statistical package (Statsoft, 19Bfjerences between means were tested usindg $3tof Fisher
Analysis GC / MS of the Essential Oil of Citrus

Essential oils are extracted from the sheet€itius sinensis, Citrus aurantiund Citrus reticulateby hydro
distillation. The yields obtained are 0.96, 0. 5 &.73% respectively fo€itrus sinensis, Citrus aurantiuand Citrus
reticulata The qualitative and quantitative analysis of themical profiles of essential oils is indicatedTiable 1. The
table in cludes the time of retention and percentaigthe 51components identified, accounting fo#%2o 98.82% of all
the components. Using a capillary column HP5MSpgtatograms of three essential oils of citrus testece obtained

and represented in figure 1.The outputs obtaineth fthe essential oils are: The results obtainedqutdhat there are
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18 Fatima Zohra Hamdani & Rachida Allem

qualitative similarities between the four essentid$, although the quantities of some correspapdiompounds are
different. 10 componds were recorded jointly amtmg 51 identified, where limonene (7.18 —36.10%)piRene (4.35 -
30.0%) and linalool (0.21 —63.03%) representedpitiiecipal major compounds. The greatest volatigetion returns of
monoterpenes hydrocarbons fGitrus sinensis Citrus reticulata are 73.64 and, 63.75 respectively. The oxygenated
monoterpenes explained approximately 71.85% ofdéastified components of the essential oilGQifrus aurantium.The
high percentage of monoterpenes in essential dilsittus has been reported by several studies {®smher 1987,
Settanni et al, 2012.).GC/SM of the essential biCdrus reticulatarevealed the presence of strong concentrations in
Terpinene (26.62%), limonene (22.52%) and 3-pin@r&5%) representing 53.49% of the total surfacthefpeak(Table

1). The essential oil dfitrus sinensiss characterized byhigh concentrations in B-pin@08s), limonene(9.37%) and the
presence of two is omerssesquiterpenes (Z) and3 (EElemene with apreponderance of the isomer (E) Bemene

(8.97%). For the essential oil Gitrus aurantium linalool (63.03%)
Antifungal Activity on Potato Leaf

The virulence of Alternaria alternata was confirntgdthe presence of typical spots on the leafs. rEkealts of
the effect of different concentrations of essertitd of Citrus sinensis, Citrus aurantiuand Citrus reticulata are shown
in Figure 1.1t shows that the essential oil Gftrus reticulataexposes a strong antifungal power. The same imhnipit
potency was observad vitro (Hamdani et allem, 2015)The concentrations of 250®.125 and 0.25 mg / ml generate

lowest severity index of the disease.

The concentrations of 0.5 and 1 mg / ml involve #ppearance of the signs of phytotoxicity and ldsfge
translucid leaf surfaces of yellow-brown to darlown. This condition increases the mycelial growthAdternaria

alternata

Feng and Zheng (2007) note that the developmeAttefnaria alternatawas inhibited by high concentrations of
essential oil ofCinnamomum aromaticumin vien tomato. Tian et al. (2011) obtain a reductiorthe development of

Alternaria alternata83.3% on cherry tomatoes treated with the esdamitiaf Anethum graveoleris

The necrotic spot wasreducing in preventive treatni@educing of necrotic spots in preventive treattrmay be
attributed to the contact time of the essential(®8#4 h prior to infection) with the leaf which protes the increased

resistance of plant againsiternaria alternata

Several studies mention the contribution of esaéntis in increasing plant resistance againstrexieaggression
and provide an important defense strategy for plantparticular against parasitic insects hert@saand phytopathogenic
fungi(Langenheim, 1994; Dayan et al., 2009). Thetyad molecular signals and illustrate the evoh#ig links with their
functional roles Theis ET Lerdau, 2003).

Antifungal Activity on Wound-Inoculated Potato Tuber

The results (Figure 3) illustrate the inhibitoryeet of essential oils applied in preventive treatincompared
with the control. It records disease indexes indtaer of 0% for essential oils @itrus sinensis, Citrus aurantiuind
Citrus reticulata, this inhibitory effect disappears when the esaénils are used in processing simultaneously.ngka
in the shape and firmness accompanied by the agpemmof mycelial growth at areas of injury were esieed. Plooy
etal., (2009) by testing both preventive and curatreatiment, they notice that the application of thseatial oilLippia

scaberrima preventively reduced significantly the percentagfeinoculated citrus fruit withPenicillium digitatum
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compared

CONCLUSIONS

potato.

Essential oils of citrus exhibit a strong inhibgieffect on the development Afternaria alternataon leaves and

Low concentrations generate the lowestridgvimdexes of disease for all citrus species. Tésults obtained

suggest the use of essential oils in food preservaEffectively, considerable interest has devetbpn the conservation

of food by the employ of essential oils to proncartbe effect on slowing growth and limiting the guetion of
mycotoxins (Smith et al., 2005; Omidbeygi et a0?2)

REFERENCES

1.

10.

11.

AbdelKader M.M., EI-Mougy N.S ., El-Gamal N. G., EFMohamdy R. S & Fatouh Y.O. (2012).In Vitro
assay of some plant resistance inducers, ess@itgaland plant extracts on antagonistic abilityfefigal bio-
agentsJournal of Applied Sciences Resear@8h]1383- 1391.

Adams R.P.(2001)ldentification of Essential Oil Components by @iwomatography/Quadrupole Mass
SpectroscopyUSA: Carol Stream, IL., Allured Publishing Co .

Baaliouamer A. (1987)Analyse qualitative et semi-quantitative d'huilesentielles de Citrus provenant de la

station experimentale d'Arboriculture de Boufarikhese de doctorat, Univ d'Alger.

Bajwa R, Shafique S, Anjum T. & Shafique S. (2004)Antifungal activity of allelopathic plant extract¥':
growth response ddrechslera hawaiiensjAlternaria alternataandFusarium moniliformeo aqueous extract of

Parthenium hysterophorubternational Journal of Agriculture and Biolog§ :511-516.

Calmes B, (2011Reponses adaptatived®Alternaria brassicicolaau stress oxydatif lors de I'interaction avec les

brassicacees rble du métabolisme du mannitol egldésthion-s-transférases. Thése de doctorat. 'éimgers.
Cosic J., Vrandecic K., Postic J., Jurkovic D. & Ralic M.(2010)In vitro antifungal activity of essential oils on
growth of phytopathogenic fun@ioljoprivreda,16: 25- 8.

Dayan F.E ., Cantrell C.L. & Duke.S.O. (2009)Natural products in crop protectioBioorganic & Medicinal
Chemistry 17: 4022—-4034.

EL Abdellaoui F., Ouazzani Touhami A., Badoc A.& Daiira A. (2005)Culturein vitro de deux isolats de
Curvularia tuberculataet pouvoir pathogéne sur six cultivars deBigltin Société de Pharmacie de Bordeaux
144 :7-26

Entsar I. R. & Badawy M. E.I.(2012). Inhibitory effects on microbial growth @otrytis cinereaand Erwinia
carotovora on potato using of a biopolymer chitosan at défér molecular weights,Archives
of PhytopathologyandPlant Protection 45,16: 1939-1949

FAOSTAT, (2014). FAOSTAT. http://faostat3.fao.org/faostat-gateway/go/to/hdime/

Feng W. & Zheng X. (2007). Esential oils to contrdAlternaria Alternatain vitroandin vivo.Food Control,18 :
1126-1130.

www.iaset.us anti@iaset.us



20

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Fatima Zohra Hamdani & Rachida Allem

Feng W., Chen J., Zheng X & Liu Q.(2011)Thyme oil to controAlternaria Alternatain vitroandin vivo as

fumigant and contact treatments .Food Control, 22-81

Fletcher J., Bender C., Budowle B., Cobb W.T., Gol&.E., Ishimaru C.A., Luster D., et al (2006)Plant
pathogen forensics: capabilities, needs, and re@ndationsMicrobiology. Molecule. Biology. Revué0: 450—
471.

Gumus T., Demirci A S., Sagdic O. & Arici M (2010) Inhibition of Heat Resistant Mold#spergillus
fumigatusandPaecilomyces variotiby Some Plant Essential Oilsood Science and Biotechnolody, 5: 1241-
1244,

Hamdani FZ & Allem R.(2015). Physicochemical Properties and Fungitoxicity of ldeff Essential oil of Citrus

againstAlternaria alternataandPenicillium sp in vitro Phytothérapie . in press

Hamdani FZ.,Allem R., Meziane M., Setti B., Ali araus S & Bourai M (2015) .Chemical composition and

antifungal activity of essential oils of Algeriaitras. Africain journal of biotechnology. 14,12 481055

.Kosiak B., Torp M., Skjerve E.& Andersen B. (2004).Alternaria and Fusarium in Norwegian grains of

reduced quality—a matched pair sample stlatgrnational Journal of Food Microbiolog@3: 51— 62.

Langenheim J.H. (1994) Higher plant terpenoids: a phytocentric overvieitheirecological rolesJournal of
ChemicalEcology. 20 : 1223-1280

Notteghem J.L., Nriatompo G.M., Chatel M.& DechanetR.(1980) Techniques utilisées pour la sélection de

variétés de riz possédant la résistance horizoatieyricularioseAnnales de. Phytopathologi&2 :199-266.

Omidbeygi M., Barzegar M., HamidiZ .& Naghdibadi H. (2007).Antifungal activity of thyme, summer savory
and clove essential oils agaimsspergillus flavusn liquid medium and tomato pastéood Control, 18:1518—
1523.

Ostry V. (2008)Alternaria mycotoxins: an overview of chemical characteraatiproducers, toxicity, analysis

and occurrence in foodstuffd/orld Mycotoxin Journall, 2: 175-188.

PhillipsC.A., LairdK. & Allen S.C. (2012). Theuses of Citri-V™®-Yearantimicrobialcitressentialoilvapor for
the control ofPenicillium chrysogenum, Aspergillus Nigand Alternaria alternatain vitr@and one foodFood
Research Internationafl7, 2: 310-314.

Plooy W. RegnierT. & CombrinckS. (2009). Essential oil amended coatings as alternativesytithetic

fungicides in citrus postharvest managemeostharvest Biology and Technolo§@; 117-122
Pitt J.I .& Hocking A.D. (2009).Fungi and Food spoilage8 Ed Springer Verlag US, 520p

Settanni L., Palazzolo E., Guarrasi V., Aleo A., Menmina C., Moschetti G.& Germana M .A (2012).
Inhibition of foodborne pathogenic bacteria by esisé oils extracted from citrus fruits cultivatéd Sicily. Food
Control, 26: 326-330.

Sharma N.& Tripathi , A. (2008) .Effects ofCitrus sinensigL) Obseck epecarp essential oil one growth and
morphogenesis dAspergillus Nige L) Van Tieghem Microbiological Researchl63, 3: 337-344

Impact Factor (JCC): 2.9459 NAAS Rating.74



Antifungal Activity of the Leaf Essential Oil of Citrus Against Alternaria Alternata in Vivo 21

27. Smith R.L., Cohen S.M., Doull J., Feron V.J., Goodman J.l., Marnett L.J., et al. (2005).A procedure for the
safety evaluation of natural flavor complexes usedirgredients in food: essential oilEood Chemistry
Toxicology 43: 345-363

28. Theis N .& Lerdau M. (2003).The evolution of function in plant secondary metébs. International Journal of

Plant Sciences164, 3 : 93-102.

29. Thomma B.P.H.J. (2003).Alternaria spp.: from general saprophyte to speqgifarasite.Molecular Plant
Pathology.4 ,4: 225-236

30. Viuda-Martos M., Ruiz-Navajas Y., Fernandez-Lopez X Perez-Alvarez J. (2008) Antifungal activity of
lemon Citrus lemonL.), mandarin Citrus reticulatal.), grapefruit Citrus paradisiL.) and orange Gitrus

sinensis L) essential oils. Food Control, 19: 1130-1138

APPENDICES

Table 1: Chemical Composition of Essential Oils ofitrus sinensis, Citrus aurantium and Citrus reticulata

Citrus Citrus Citrus
Composants Ki RT(Min) Reticulata Sinensis | Aurantium
(% Area) (% Area) (% Area)
3 hexen- 1-ol 866 4,71 - - 0.91
a-Thujene 931 5.81 2.00 1.49 0.02
a -Pinene 939 5.99 4.36 2.04 0.38
camphene 953 6.37 0.10 - 0.03
S - Pinene 979 7.12 4.35 30.0 5.25
S - Myrcene 991 7.46 1.19 452 1.40
a Phellandrene 1008 7.86 0.10 0.68 -
3 Carene 1012 8.02 - 6.41 0.16
(+)-4-Carene 1035 8.20 0.38 2.77 -
D-Limonene 1036 8.71 22.52 9.37 7.18
S Ocimene 1055 8.74 - 0.74 -
1,3,6-octatriene,3, 7- 1070 | 911 0.94 8.59 113
dimethyl-
vy Terpinene 1080 9.41 26.62 4.42 -
Cis sabinene hydrate 1094 9.77 - 0.21 -
Terpinolene 1096 10.25 1.16 2.53 -
Linalool 1128 10.71 0.21 1.24 63.03
Z Alloocimene 1152 11.38 0.03 0.08 -
Citronellal 1159 12.06 - 0.90 -
Terpinen-4-ol 1177 12.94 0.15 2.14 0.43
a Terpineol 1189 13.34 0.10 0.07 1.00
Citronellol 1226 14.36 - 1.05 -
Citral 1254 14.70 - - 0.46
1,6-octadien-3-0l,3,7- 1280 |  14.87 0.11 5.79
dimethyl
2,6-octadienal,3,7- 1301 | 1545 . 0.22 0.15
dimethyl
Thymol 1360 16.97 0.30 - -
o-Elemene 1370 17.23 - - 0.05
Cis-2,6-Dimethyl- 1382 | 17.53 . 0.45 .
2,6octadiene
Benzoic acid 2-amino- 1392 17.79 0.09 - -
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methyl

2,6-octadien-1-

ol, 3, 7dimethyl 1394 17.84 - 0.22 0.99

Copaene 1408 18.20 - - -

(2)p Elemene 1393 18.45 - 0.44 -

(E)B - Elemene 1398 18.71 - 8.97 0.08

Caryophylene 1417 19.41 - 3.48 2.62

Methyl N-

methylanthranilate 1418 19.74 34.02 i )

Aromadendrene 1439 19.93 - - 0.05

(E)B Famesene 1458 20.20 0.65 0.12

o -humulene 1474 20.29 - 1.33 0.39

S -Selinene 1485 21.13 - 0.47 -

vy Elemene 1498 21.35 - - 0.26

a -Farnesene 1504 21.49 - 0.61 -

y -cadinene 1513 21.80 - 0.56 0.01

d -Cadinene 1514 21.95 - 0.22 0.08

Nerolidol 1534 22.95 - - 0. 37

Caryophylene oxide 1606 23.50 0.09 0.23 0.04

o Cadinol 1654 25.26 - - 0.04

£ Sinensal 1706 26.04 - 0.72 -

o Sinensal 1750 27.27 - 0.30 -

/S Farnesol 2150 33.89 - - -

Phytol 2178 34.36 - - 0.05
Monoterpénes hydrocarbonés (%) 63.75 73.64 15.55
monoterpénes oxygeneés (%) 34.98 6,05 71.85
Sesquiterpéne hydrocarboné (%) - 15.95 3.66
Sesquiterpénes oxygéenés (%) 0.09 1.25 0.45
autres (%) - - 0.96
Total identifié (%) 98.82 96.89 92.47

Impact Factor (JCC): 2.9459
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Figure 2: Effect of Concentrations of the EssentiaDils of Citrus on the Index of
Disease Severity (Test on Leafls) to: Curative, B2reventive and
C: The Same Time. Data Are Means * Standard Deviaihs (Error Bars)
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Figure 3: Effect of Applying Essential Oils of Citrus on the Index of the Disease
(On Potato Tuber). Data Are Means + Standard Deviabns (Error Bars)
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