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ABSTRACT: The aim of this study was to determine the amoudttgpe of aflatoxinogenic fungi on samples of
pistachios collected from warehouses in Kermanskiah, Overall, a total of 632 samples were randocollected
and based on their physical properties the sanvpéee categorized into following groups: (i) rawtpishio with
intact shells, (i) raw pistachio with broken arahthged shells, (iii) salted pistachio with intaetl§ and (iv) salted
pistachio with broken and damaged shell. Then 1E&amples were chosen from each category. The Ibvera
contamination rate was 66%. The fungus contaminatites were significantly lower in salted in comgghto raw
samples (p<0.05). The percent contaminated samptesded 45.6% and 33.3% in salted pistachio wathcit shell
and salted pistachio with damaged shell, respdgtivEhe most fungal contamination rate was recorded
Aspergillus niger followed by Aspergillus flavus and Aspergillus terreus in all categories. The percent
contamination of samples bAspergillus niger was significantly higher in raw samples in compamigo salted
samples. The salted pistachio with damaged shedl significantly lesser contaminated Agpergillus niger when
compared with the salted pistachio with intact klfpk0.05). ThePenicilium spp. contamination rates were
significantly higher in damaged shell samples caomgato intact shell samples and apparently thise tgp
contamination did not decrease in salt-treated &mmmhile, the salted, intact shell samples havewsh
significantly moreAspergillus flavus contamination rates than salted, damaged spe€0.05). TheAspergillus
terreus contamination rates were significantly higher mact shell samples compared to damaged shell sampl
These toxigenic fungi isolated raises concernshenpbtential of pistachio products as a naturaksate prone to
the mycotoxin formation
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iran, Kermanshah Bélgesinde DepolanngiAntep Fistiklarinda Aflatoxinogenic Fungus Kontamnasyonu
Hakkinda On Calisma: Buzdaginin Goriinen Kismi

OZET: Bu calsmanin amacijran, Kermanshah bolgesinde bulunan depolardakipAhgtginin aflatoxinogenic
fungus tipi ve miktarini belirlemektir. Yaldk 632 drnek fiziksel 6rnekleri baz alinarak toptag ve i) S&lam
kabuklu Antep fisfi1, ii) Kabugu kirilmis Antep fistgl, iii) Saglam kabuklu tuzlanngiAntep fistgl, ve iv) Kabgu
kirlmis tuzlanmg Antep fistgl seklinde doért gruba ayrilgir. Her gruptan 158 6rnek seciktit. Genel
kontaminasyon orani % 66 olarak bulurgtow. Tuzlanmy fistiklarin fungus kontaminasyon orani dahai
bulunmutur (p<0.05). Sglam kabuklu tuzlanmgi Antep fistgl ve kabgu kirilmis tuzlanmg Antep fistginda
kontaminasyon orani sirasiyla % 45.6 ile % 33.3iodustur. Butlin kategorilerde en fazla kontaminasyoassyla
Aspergillus niger, Aspergillus flavus ve Aspergillus terreus bulunmutur. Aspergillus niger ile kontaminasyon
sgglam kabuklu Antep fistiklarinda tuzlangnAntep fistiklarina gore daha yiiksek bulugtoun Kabwgu kirik
tuzlanmg Antep fistiklarindaAspergillus niger kontaminasyonu kalgu salam tuzlanmy fistiklara oranla daha az
bulunmutur (p<0.05). Kabgu kirik Antep fistiklarindd@enicilium spp kontaminasyon orani kghusalam olan
fistiklara oranla daha yiksek bulungtur. Bu tip kontaminasyon tuzlama ile azaltilamgmi Bununla birlikte
sgglam kabuklu tuzlanngi Antep fistginin Aspergillus flavus ile kontaminasyonu, kirilngive tuzlanmy Antep
fistigindan daha fazla bulunmtur (p<0.05). Kabpgu saglam Antep fistiklarinin Aspergillus terreus ile
kontaminasyon orani kapu kirilmig Antep fistiklarinin kontaminasyon oranindan daliiksgk bulunmsgtur.
Toksik 6zellge sahip funguslarin Antep fistiklarinda izole editin Antep fistiklarindan elde edilen Urdnlerin,
mikotoksin olyumuna meyilli dgal Grtinler olabilecgni giindeme getirmektedir.

Anahtar Kelimeler: Aspergillustirleri, Penicilliumtirleri, Antep fistgl, Iran

INTRODUCTION Turkish varieties are landrace (pure) varietiest tha

Pistachio Pistacia vera Anacardiaceae) is a broad,belong to three speciddstacia vera, Pistacia mutica,
bushy, deciduous tree which grows slowly to a hieigland Pistacia khinjuk. The most important pistachio
and spread of 25 to 30 feet, with one or sevetalkis. products in the food and drug trade are whole nut,
All of Iranian, Pakistani, Tajikistani, Afghani and kernels, roasted and salted pistachio.In Iran, faki
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and Turkey roasted and salted pistachio (Per: Restglace to place. Since there have not been anyghddli
still sold by street vender and herbal stores aigviery reports on pistachio stored in Kermanshah warelsuse
popular especially among children as an edible nuhe aim of this research was to determine the amoun
along with walnuts, almonds, macadamias and cashewsid type of aflatoxinogenic fungal contamination in
Whole pistachio seeds contain approximately 17%istachio warehouses of Kermanshah, Iran.
protein, 31% fat (in the form of nutritious oil)né 51%
carbohydrate, in addition to an interesting arrdy o MATERIAL and METHODS
vitamins and minerals (Sheridan et al. 2007) In this study 632 samples were randomly collected
The pistachio is a fragile nut susceptible to fusgufrom different warehouses in Kermanshah. Based on
infection in the orchard and during improper steragphysical properties the samples were categorizém in
conditions. Damaged nuts caused by either pistachiollowing groups: (i) raw pistachio with intact $heii)
weevil (Amyetois transitalla) or mechanically during raw pistachio with broken and damaged shell, (i)
harvest and transportation are particularly subedb salted pistachio with intact shell, and (iv) salted
fungal invasion and decay (Nawar, 2008). Theistachio with broken and damaged shell.
saprophytic fungi including species dAlternaria, Mycological analyses were done according to the
Aspergillus, Chladosporium, Eurotium, Fusarium, standard procedures that reported elsewhere (Reanoer
Penicilium, Trichoderma, Ulocladium, Epicoccum and  Fennel, 1973; Gilman, 1975; Barnett and Hunter4).98
Rhizopus decay kernels of pistachio (Michailides,Briefly, 100 g from each sample were sterilizedain
2006). Denizel et al. (2006) reported that Aspergillus  0.4% sodium hypochlorite solution for 2 min, folled
niger, Aspergillus flavus and Penicillium spp. as by rinsing with three washes of sterile distillecter.
dominant external mycoflora of the immature pistach Then, 1 g of homogenized sample was added into 100
in Turkey.Aspergillus niger andAspergillusflavuswere  ml of sterilized distilled water and stirred. Filyall ml
found common in all pistachio samples collectedrfro of the resulting suspension was inoculated into
the three locations in Saudi Arabia (Nawar, 2008Babouraud dextrose agar (SGA, Merck, Germany)
Aflatoxinogenic fungi and their related mycotoxiag., media containing antibiotics. The media were intceta
aflatoxins are one of the major heath issues indmgn at 30°C for 5 days and the fungal colonies exernterk
and animals. Main producers of these mycotoxins asvaluated daily. The fungal colonies were idertifie
fungi of genusAspergillus, although some other speciesusing the most documented keys in fungal
of fungi from generdenicillium and Rhizopus produce identifications (Raper and Fennel, 1973; Gilman/3;9
those (Peraica and Domijan, 2008). Aflatoxins aBarnett and Hunter, 1984).
unavoidable contaminants of food are involved in
pathogenicity of several diseases (Mahoney and Statistics
Rodriguez, 1996). Aflotoxins (B1, B2, G1, and G22 a The mean percentage of recovery of each fungus
highly toxic hepatotoxins produced by various stsadf was calculated as the ratio of the number of sasnple
Aspergillus in tropical and subtropical regions whichcontaminated by each fungus over the total number o
naturally contaminate maize, sorghum, nuts, cottosamples submitted to analysis. The results were
seed, sunflower seed, coffee, pistachios, and othexpressed as mean, differences between means @halyz
energy-rich products (Peraica and Domijan, 200&sing paired sample-t-test. All dat@re analyzed using
Mahoney and Rodriguez, 1996). The high level ofhe software SPSSer.16. Statements of significance
aflatoxins in several lots of imported pistachisenfi were based on p<0.05.
Iran, as dominant producer and the exporter of
pistachios, led the European Union (EU) implemented RESULTS and DISCUSSION
restrictive measures on the import of pistachio987 The results of fungus culture in four groups were
(Germain, 2003). In spite of the improvements ofpresented in Table.1. The fungus contaminationsrate
agricultural practices, and hygiene practices imdtiag, were significantly (p<0.05) lower in salted in
processing, storage and distribution of the prodoct comparison to raw samples. The percentage
Iranian pistachio industry, the fungal contaminatie contaminated samples recorded 45.6% and 33.3% in
the most public health concern. Pistachio as degfi@ salted pistachio with intact shell and salted pisia
crop has various features of storage which diffemf with damaged shell, respectively.

Table 1. Percentage of fungal contamination agedardth pistachio nuts obtained from differenteteuses in Kermanshah

Pistachio group Pen.spp Aterreus A.flavus A.niger Negative Total no.
Raw, intact shell 0.00 1.3 25.9 67.1° 5.7 158
Raw, damaged shell 0b7 0.0° 26.7 64.3 8.9 157
Salted, intact shell 0.60 1.2 3.2 41.0 54.4 158
Salted, damaged shell 006 0.0° 1.9 38.0 66.7 159

Note: In columns, values with different supersaigte significantly different (p< 0.05)
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The most fungal contamination rate was recorded féreated pistachio samples showed lower contamimatio
Aspergillus niger followed by Aspergillus flavus and of Aspergillus niger and Aspergillus flavus spp. than
Aspergillus terreus in all categories. The percentageraw pistachio samples but the former were more
contamination of samples bgspergillus niger was contaminatedPenicillium spp. Also, Penicillium spp.
significantly (p<0.05) higher in raw samples inwere found to occur sporadically and to constitrtell
comparison to salted samples. The salted pistagitio numbers of the fungal isolates. Khosravi et al.0@0
damaged shell was significantly lesser contamin&ted reported the contamination rates of pistachios that
Aspergillus niger compared with the salted pistachiocollected from different regions of Tehran, Iranrave
with intact shell. 26.5% and 20.4% foPenicillium and Aspergillus spp.,

The Penicilium spp. contamination rates wererespectively. Nawar (2008) has been reported low
significantly (p<0.05) higher in damaged shell sérap Penicillium spp. contamination in pistachio nuts in
in comparison to intact shell samples and apparéint  Saudi Arabia. Research on Iranian pistachio in Karm
type of contamination did not decreased in salitté@ orchards showed that 25% of the pistachio prodiets
samples while, the salted, intact shell samplese hatave gapped or lost their shells during early gk
shown significantly more Aspergillus flawus growth and 12.5% of the immature split ones were
contamination rates than salted, damaged shk#. Tcontaminated by Aspergillus flavus and other
Aspergillus  terreus contamination rates were Aspergillus spp. (Shahidi, 2004). Apparently, salt
significantly (p<0.05) higher in intact shell samplin treatment did not change the contamination rate of
comparison to damaged shell samples. pistachio toAspergillus terreus and the lack of recovery

The 3 species oAspergillus isolated in our study of this species in damaged samples suggest that
have been reported in other food commoditiepistachio is not suitable media for growing of this
elsewhere. Aspergillus niger and Aspergillus flavus fungus. In general, al\spergillus spp. referred to the
from pistachio nuts in Saudi Arabia (Nawar, 2008)present study are common and distributed in nature
these species also detected in our samples. Theiorldwide, and have been isolated in a wide arrhy o
recovery from the samples examined in this studgubstrates (Kozakiewicz, 1994).
suggests that stored pistachio products are seitabl
substrates for the growth and development of CONCLUSION
Aspergillus spp. While, the highest recovery of The growing interest attached to aflatoxinogenic
Aspergillus niger from raw, intact shell pistachio fungi on pistachio as an Iranian indigenous nubfis
samples in this study implies that contaminationy maspecial concern mainly because of the increasitesro
occur during harvesting procedures and is partiallgf this nut as natraceutical in the confectionamg és
independent to the availability of suitable sultssdor usage as a remedy in orthodox and traditional meslic
fungal growth. Aspergillus niger is involved in the for treatment of various maladies functional fobtiese
pathogenecity of various diseases such as malldree Aspergillus species which were recovered from
onychomycosis (Hilmioglu et al.2005), and pulmonarghe samples examined in this study, share with
diseases (Severo et al., 199&3pergillus blights as a Penicillium spp. a common potential capability to
fungal disease of pistachio trees and nuts cauged jroduce the aflatoxins. This would indicate thattfar
Aspergillus niger and otherAspergillus spp. (Eskalen et research on mycotoxicological aspects of derived
al., 2001). Therefore, high contaminationAspergillus  pistachio products is required.
spp. in our study may be secondary to the contdinma
throughout storage in warehouses and may result in ACKNOWLEDGEMENT
contamination in orchard. In the present study, the We would like to appreciate all members of research
amount of recovery ofspergillus flavus as an organism council of Kermanshah University of Medical Sciesce
that causes to aspergilloma, and chronic pulmonafgr their cooperation.
aspergillosis (Pasqualotto and Denning, 2007; Hatilay
et al. 2007), endophthalmitis (Aydin et al. 200&hd REFERENCES
keratolytic malignant glaucoma (Jain et al, 2007Qydin. S., Ertugrul, B., Gultekin, B., Uyar, B., KIE.
significantly decreased in salted samples in coispar 2007. Treatment of  two postoperative
to raw samples. Also the lowest recoverydgpergillus endophthalmitis cases due Aspergillus flavus and
terreus from intact shell pistachios samples in  Scopulariopsis spp. with local and systemic
comparison to otherAspergillus spp. suggests that antifungal therapy. BMC Infectious Diseases, July
pistachios are not suitable media for this organism 31, 2007, 7:87.

Aspergillus terreus, a less common pathogen causeBarnett, H.L., Hunter, B.B. 1984. lllustrated gemef
aspergillosis with severe neutropenia (Tokimatsu et imperfect fungi. Macmillan. New York;

al.2007). Denizel, T., Jarvis, B., Rolf, E.J. 2006. A fieldrgey of
Application of pistachio nuts with sodium chloride pistachio Pistacia vera) nut production and storage
was found to increase the resistance of pistachidm in Turkey with particular reference to aflatoxin

invasion and colonization by the fungi during stgra contamination. Journal of the Science of Food and
(Nawar, 2008). Also, in the present study, the salt Agriculture27: 1021- 1026.



KSU Daoga Bil. Derg., 13(2), 2010 7

KSU J. Nat. Sci., 13(2010

Eskalen A, Kusek M, Danisti L Karadas, S. 2001Nawar, L.S. 2008. Prevention and control of fungi

Fungal diseases in pistachio trees

in East- contaminated stored pistachio nuts imported to

Mediterranean and Southeast Anatolian regions. In: Saudi Arabia. Saudi Journal of Biological Science

‘11 GREMPA Seminar on pistachios and almonds.
Pasqualotto,
C. 2005 Traceability implementation in
its possibilities and its
Peraica, M., Domijan, A.M. 2001. Contamination of

Zaragoza, CIHEAM-IAMZ’; pp. 261-264.
Germain,
developing countries,
constraints A few case studies. p.1-159
Gilman, J.C. 1975. A manual of soil fungi. Lowa t8ta
College Press, USA.

15:105-112.

A.C, Denning, D.W. 2007. An
aspergilloma caused Mspergillus flavus. Medical
Mycology 18:1-4.

food with mycotoxins and human health. Arhiv za
Higijenu Rada i Toksikologiju 52: 23-35.

Hedayati, M.T, Pasqualotto, A.C., Warn, P.A., Bowye Raper, K.R., Fennel, D.L. 1973. The gewspergillus.

P., Denning, D.W. 2007Aspergillus flavus: human
pathogen, allergen and mycotoxin
Microbiology 153:1677-1692.
Hilmioglu-Polat, S, Metin, D.Y, Inci, R., Dereli, .T
Kilinc, 1., Tumbay E. 2005. Non-dermatophytic

molds as agents of onychomycaosis in Izmir, Turkey—

a prospective study. Mycopathologia 160:125-128.

Jain, V, Maiti, A, Shome, D. Borse, N., Natarajan S
2007. Aspergillusiinduced malignant glaucoma.
Cornea 26:762-763.

producer.
Severo, L.C., Geyer, G.R., Nda Porto, S., Wagner,

Robert E. Krieger Publishing Co. Washington, NY,
pp. 686.

M.B., Londero, A.T. 1997. Pulmonarispergillus
niger intracavitary colonization. Report of 23 cases
and a review of the literature. Revista
Iberoamericana de Micologial4:104-110.Shahidi,
B.H. 2004. Incidence of aflotoxin producing fungi i
early split pistachio nuts of Iran. Journal of
Biological Science 4: 199-200.

Khosravi, A.R, Shokri, H., Ziglari, T. 2007. Evatien  Sheridan, J.M., Cooper, N.J., Erario, M., Craig, E.

of fungal flora in some important nut products

Cheifetz, M.D. 2007. Pistachio nut consumption

(pistachio, peanut, hazelnut and almond) in Tehran, and serum lipid levels. Journal of the American

Iran. Pakistan Journal of Nutrition 6: 460-462.

College of Nutrition 26: 141-148.

Kozakiewicz, Z. 1994. Taxonomy: the key to mycotoxi Tokimatsu |, Kushima H, lwata A, Hashinaga K, Umeki

identification in food and feedstuffs. In: Highl&y,

Wright EJ, Banks HJ, Champ BR.eds. Proceedings
of the 6th International Working Conference on
convention
centre, Canberra. CAB International, Washington,

stored-product protection. National
Oxford; pp: 999-1006.

Mahoney, E.N, Rodriguez,
variability in pistachios. Applied Environmental
Microbiology 62:1197-1202.

Michailides, T.J. 2006. Above ground fungal dissaBest,

B.S. 1996. Aflatoxin

K, Ohama M, Kohno K, Ishii H, Kishi K, Ogata M,
Hiramatsu K, Saikawa T, Kadota J. 2007. Invasive
pulmonary aspergillosis with  hematological
malignancy caused byspergillus terreus and in
vitro susceptibility of A. terreus isolate to
micafungin. Internal Medicine}6:775-779.

disease and physiological disorders management.
www.frutsandnuts.ucdavis.edu/crops/papers/chapter
27.pdf. 2006.



