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Nuts are one of the most delicious and nutritious foods, but
due to the extremely high fat, protein and low water content
they are quite refractory to spoilage by microorganisms. In this
study a wide range of microorganisms was recorded. The sam-
ples were collected from 6 different markets in Kaunas, Lithu-
ania. The moisture content of nuts was determined by drying
the samples in an oven at 103 (£2) °C temperature for 6 hours.
Dilution plating (a surface-spread method) was used for colony
counting. The analyses of nut samples revealed that imported
nuts were quite intensely contaminated with propagules of vari-
ous fungi species. The moisture content in the nuts varied in
dependence of their type and acquisition place. The highest
moisture content was observed in walnuts, 13.93%, while almost
twice less in pistachio and hazelnuts, 6.38 and 6.76%, respec-
tively. The least number of colony forming units (cfu) of fungi
was detected in hazelnuts (9.11 x 10° cfu/g) followed by peanuts
(11.46 x 10° cfu/g). In contrast, walnuts (20.90 x 10° cfu/g) rep-
resented the highest infections of fungi. A total of 8 different
fungal genera (Aspergillus spp. Acremonium spp., Cladospori-
um spp., Fusarium spp., Mucor spp., Rhizopus spp., Paecilomy-
ces spp., and Penicillium spp.) and 16 species were isolated. As-
pergillus, Mucor and Penicillium genera were more frequently
detected than other genera of fungi. Aspergillus spp. was found
in the most investigated nut samples. The greatest diversity of
micromycetes was detected in hazelnuts and walnuts.
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INTRODUCTION

thiamine, niacin, riboflavin and unsaturated fats.
Various nuts are used as a raw material in many

Nuts are globally recognized as a nutritionally
important food, being high in proteins, vitamins
and minerals such as potassium, iron, vitamin E,
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industries as well as for direct consumption (Ab-
dulla, 2013).

During maturation in the field, nuts are ex-
posed to a variety of environmental conditions
that increase the risk of fungal contamination.
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The outer shell of nuts affords natural protec-
tion against the most contaminating agents
such as insects and microorganisms, making
the nutmeat virtually microbe-free (Interna-
tional Commission on Microbiological Specifi-
cations for Foods, 1998). After the nuts are har-
vested, appropriate conditions and materials
are necessary to protect against spoilage during
storage ant transport. High temperatures, hu-
mid conditions and extreme temperature gradi-
ents during storage and transport can increase
the susceptibility of nuts to spoilage (Interna-
tional Commission on Microbiological Specifi-
cations for Foods, 1998). Nuts require cool and
dry conditions to maintain their low moisture
content. After postharvest used drying technol-
ogies nuts contain approximately 8% moisture
and have an approximate water activity of 0.7.
This low moisture content minimizes spoilage
concerns due to bacteria. However, this along
with low-soluble carbohydrate levels and hy-
groscopic properties creates a favourable envi-
ronment for the survival of moulds (Compen-
dium of the Microbiological Spoilage of Foods
and Beverages, 2009). Due to extremely high
fat and protein of various nuts products are
quite refractory to spoilage by microorganisms.
Mould can grow upon them if they are stored
under conditions that permit sufficient mois-
ture for their propagation (Phillips et al., 1979;
Frank, 1981). Processing is also a critical factor
in controlling nut spoilage. Shelling and other
processing such as chopping and slicing can
increase contamination of nutmeat with fungi.

Many of dried nuts are favourable for
the storage moulds such as Eurotium spp., Asper-
gillus spp., Penicillium spp., and Wallemia spp.
Hazelnuts are most susceptible to Rhizopus spp.,
Penicillium spp., Aspegillus spp. contamination
during harvest, postharvest handling and stor-
age. In freshly harvested pistachios Fusarium
(particularly E equiseti and E acuminatum) and
Alternaria species are also important compo-
nents of the postharvest microbiota (Hocking,
Pitt, 1996). The intimate contact of soil with
the shells of developing peanuts is an ideal situ-
ation for fungal colonisation. Aspergillus species,
particulary A. niger and A. flavus, have been

reported frequently. Previous studies showed
that 30.97 million tons of greasy seed prod-
ucts, mainly pistachio and peanut, of different
Asian and African countries were contaminated
by A. flavus and A. parasiticus (Christensen,
Meronuck, 1986; Dekoe et al., 2000; D’Mello,
Macdonald, 1998). Other commonly occurring
fungi in peanuts are Fusarium (E solani, F. semi-
tectum, E oxysporum), Penicillium (P. funicu-
losum, P. chrysogenum, P. citrinum, P. auranti-
ogriseum), Rhizopus (R. oryzae, R. stolonifer),
Rhizoctonia solani, Macrophomina phaseolina,
Chaetomium and Culvularia species (King et al.,
1981; Pitt et al., 1992; Hocking, Pitt, 1996).

Mould contamination in the nuts is prevalent
and mycotoxin contamination is a significant
food safety issue due to serious adverse effects on
human health (Raudoniené, Lugauskas, 2005).
A major problem related to fungal attack in nuts
is the production of toxic secondary metabolites,
particularly fumonisin, zearalenone and aflatox-
in, produced by E verticillioides, F. graminearum
and A. flavus, respectively (Scott, 1993). Afla-
toxin has powerful teratogenic, mutagenic and
hepato-carcinogenic effects (Wang et al., 2001).
Aflatoxins were detected in 90% of hazelnut
samples at levels of 25-175 ug kg™ and in 75%
of wallnut samples. Mycotoxins can cause toxic
effects on human and animal tissue and organs.
They are among the 21st century major concerns
due to their important role (Jay et al., 2005).

The aim of the study was to evaluate
the spread of micromycetes and assess a risk
related with consumption of nuts supplied in
the market. Even though some of these fungi are
not toxigenic, contamination with different As-
pergillus, Fusarium and Penicillium spp. should
be monitored for maintenance of foodstuft hy-
giene and safety.

MATERIALS AND METHODS

Unshelled hazelnuts (Corylus sp.), peanuts (Ara-
chis sp.), pistachio (Pistacia vera), walnuts (Jug-
lans sp.) were collected from 6 different markets
in Kaunas, Lithuania. Moisture content of nuts
was determined by drying the samples in an
oven at 103 (£2) °C temperature for 6 hours.
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The moisture content of the sample was cal-
culated as percentage (%) difference between
the sample before and after drying (Pitt et al.,
1992). Dilution plating (a surface-spread meth-
od) (Pitt, Hocking, 1997) was used for colony
counting. 10 g of each milled nut sample were
homogenized with 90 ml sterile water for 30 min
in an orbital shaker. Serial decimal dilutions up
to 10~ were made and 0.1 ml aliquots were in-
oculated in triplicate onto the Petri dishes with
the Sabouraud glucose agar medium with chlo-
ramfenicol (0.5 g I"!). The dishes were kept in
a thermostat at the temperature of 26 (+2) °C.
Growing colonies of fungi were counted on 3rd,
5th and 7th day. Fungi were identified accord-
ing to morphological and microscopic charac-
teristics (Pitt, Hocking, 1999; Watanabe, 2002;
Leslie, Summerell, 2006).

Analyses were performed in five replica-
tions.

RESULTS AND DISCUSSION

The analyses of nut samples revealed that im-
ported nuts were quite intensely contaminat-
ed with propagules of various fungi species.
The moisture content in the nuts varied in de-

pendence of their type and acquisition place.
Storing conditions had the effect on the mois-
ture content of nuts, not only their chemical
composition. The highest moisture content
was observed in walnuts, 13.93%, while almost
two times less in pistachio and hazelnuts, 6.38
and 6.76%, respectively (Table 1). The highest
fluctuations in the moisture content between
the same nut samples were in walnuts - from
11.28 to 17.08%.

The least number of colony forming units of
fungi was detected in hazelnuts (9.11 x 10° cfu/g)
followed by peanuts (11.46 x 10° cfu/g). In con-
trast, walnuts represented the highest infec-
tions of fungi (20.90 x 10° cfu/g) (Table 1). This
contamination could be due to long-term stor-
age, marketing under non-hygienic conditions
of the food products in the poor environmental
conditions including high moisture and tem-
perature.

The results presented in Table 2 show
the identity of fungi that was found in all nut
samples. A total of 8 different fungal gen-
era (Aspergillus spp., Acremonium spp., Cla-
dosporium spp., Fusarium spp., Mucor spp.,
Rhizopus spp., Paecilomyces spp., and Penicilli-
um spp.) and 16 species were isolated (Table 2).

Table 1. Nut moisture content and contamination with micromycetes

Samples | Hazelnuts | Walnuts | Pistachio | Peanuts
Moisture content, %

1 562Ac 1128 D a 6.50B ¢ 8.06Cb
2 7.34Cb 17.08 D f 6.02Aa 7.06 B a
3 592Ad 16.60 C e 594Aa 7.04Ba
4 6.74Ba 14.74D ¢ 6.22Ab 11.14Ce
5 7.78 Bf 16.38Dd 6.96Ae 8.98Cd
6 630Ae 12.02Db 6.62Bd 8.26Cc

Average 6.76 A 13.93 C 6.38 A 8.56 B

Contamination (colony forming units), g x 10°

1 6.56 Aa 19.76 Db 1258 Cd 10.16 Ba
2 6.88 A ab 2298Dd 11.52Cc 10.20Ba
3 6.88 A ab 2098 D a 10.50 Ca 9.04Bb
4 738Ac 2094Da 10.76 Ba 15.00Ce
5 13.60Bd 2122Da 14.96 Cb 12.06 A c
6 7.14 A bc 2192Dc 14.94Cb 1294Bd

Average 9.11A 20.90 D 12.54 C 11.46 B

Significant differences (p < 0.05) among the nuts in rows are marked by different capital letters A, B, C, D.

Significant differences (p < 0.05) among the markets in the column are marked by different lowercase letters a, b, ¢, d
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The greatest diversity of micromycetes was de-
tected in hazelnuts and walnuts.

Table 2. The isolated micromycetes from nuts

Samples Fungi

Aspergillus fumigatus
A. niger
A. versicolor
Fusarium sprotrichioides
Penicillium chrysogenum
Penicillium spp.
Rhizopus stolonifer
Aspergillus niger
Aspergillus spp.
Cladosporium spp.
Mucor spp.
Penicillium chrysogenum
P. crustosum

Hazelnuts

Walnuts

P. expansum
Penicillium spp.
Acremonium spp.
Aspergillus flavus

A. niger

A. fumigatus
Penicillium spp.
Aspergillus flavus

A. fumigatus
Aspergillus spp.

Mucor spp.

Paecilomyces variotii

Pistachio

Peanuts

Aspergillus, Mucor and Penicillium gen-
era were more frequently detected than other
genera of fungi. Aspergillus spp. was found in
the most investigated nut samples.

Frank (1981) detected about 50 fungal spe-
cies in walnuts: the most commonly occur-
ring ones were Aspergillus flavus, A. fumigatus,
A. niger, and Cladosporium sp.

Black or brown species of aspergilli were
found in 90% of the investigated samples and
A. niger was the most frequently isolated mold
in walnuts, contaminating 80% of walnut sam-
ples (Figure). Species of Penicillium dominat-
ed in all of the walnut samples, and in many
cases the plates of the lowest dilution were
totally covered with Penicillium. P. crustosum
was identified in 60% of the samples (Figure).
P. expansum was potentially found in 50% of

the samples and assessed as dominating. Po-
tential isolates of P. chrysogenum were found in
45% of samples.

Aspergillus species appear to be the most fre-
quent reported fungi from pistachios. Doster,
Michailides (1994) and Heperkan et al., (1994)
reported 14 Aspergillus species in pistachios
(A. flavus, A. parasiticus, A. niger, A. ochraceus
and others).

In the analysed pistachios and peanuts
the most prevalent fungi were Aspergillus spp.
(identified in 70% of the samples), and Penicil-
lium spp. (40%) was the predominant mould.
Peanut samples were contaminated by Asper-
gillus flavus. Isolated fungi were the following:
Aspergillus, Penicillium, Rhizopus and Mucor.
The previous study revealed that the presence
of Penicillium and Aspergillus in soil may be
the main causes of the contaminations in pea-
nuts. Regarding direct contact of the soil with
the peanuts in growth phases, fungi can pene-
trate through the peanut’s shell and grow there
(Pitt et al., 1991). A. niger and A. flavus showed
similarities where both species were found in all
pistachio samples. Species of the genera Aspergil-
lus and Penicillium occurred most frequently in
the pistachio samples.

Abdel-Hafez and Saber (1993) reported
the following fungi in hazelnuts: Aspergillus
(A. flavus, A. fumigatus), Penicillium (P. auran-
tiogriseum, P. chrysogenum, P. citrinum, P. oxali-
cum), Cladosporium (C. cladosporioides, C. her-
barum), Fusarium (E equiseti, . moniliforme,
E oxysporum), Rhizopus stolonifer, Rhizomucor
pussilus.

Penicillium spp. was the predominant genus
isolated from all investigated hazelnut samples.
Also frequent prevalent fungi in hazelnuts were
Aspergillus fumigatus, A. flavus, A. versicolor,
and Penicillium chrysogenum. Some hazelnuts
were contaminated by Fusarium sprotrichioides
(Figure).

The frequency of isolation of the mycotoxi-
genic fungi may be actual danger. They possess
the property of releasing toxins into the food
products. A. fumigatus belongs to Aspergillus ge-
nus and produces such toxins as fumigaclavines,
fumigalin, fumigatin and others. Aspergillus
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Figure. Fungi colonies (A)
and conidia (B) on Sabouraud
glucose agar:

1 - Aspergillus flavus;

2 - Aspergillus niger;

3 - Fusarium sprotrichioides;
4 — Penicillium expansum;

5 — Penicillium chrysogenum
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flavus produces secondary metabolites afla-
toxins that have powerful teratogenic, muta-
genic and hepato-carcinogenic effects. About
10% of hazelnut samples were contaminated
by Fusarium sporotrichioides which is a pro-
ducer of trichothecenes and zearalenone.
Some species of the Penicillium genus actively
producing toxins are P. chrysogenum that pro-
duces roquefortine C, PR-toxin, xantocillin
and P. expansum which is able to produce pat-
ulin and citrinin.

CONCLUSIONS

The results of this study showed that nut con-
tamination with fungi was prevalent especially
in high moisture content nuts. Storing condi-
tions of nuts have effects on moisture content
and contamination with fungi in the same nut
type:

1. The highest moisture content was ob-
served in walnuts, 13.93%, while almost twice
less in pistachio and hazelnuts, 6.38 and 6.76%,
respectively.

2. The least number of colony forming units of
fungi was detected in hazelnuts (9.11 x 103 cfu/g)
followed by peanuts (11.46 x 103 cfu/g). Wal-
nuts represented the highest infections of fungi
(20.90 x 103 cfu/g). The greatest diversity of mi-
cromycete species was detected in hazelnuts and
walnuts.

3. A total of 8 different fungal genera (Asper-
gillus spp. Acremonium spp., Cladosporium spp.,
Fusarium spp., Mucor spp., Rhizopus spp., Pae-
cilomyces spp., and Penicillium spp.) and 16
species were isolated from nuts. Aspergillus spp.
was found in the most investigated nut samples.
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RIESUTY UZKRESTUMAS MIKROMICETAIS
Santrauka

Riesutai yra vienas labiausiai vartotojy mégstamy

maistingy produkty, kuriy sudétyje yra daug rie-
baly ir baltymy. Dél juose esan¢io mazo drégmés

kiekio jie néra gera terpé mikroorganizmy vysty-
muisi, todél yra atspariis mikrobiologiniam gedi-
mui. Tirti $eSiose skirtingose Kauno prekybos vie-
tose jsigyti keturiy rasiy rieSuty méginiai. Drégmeés
kiekis rieSutuose nustatytas meéginius dziovinant
103 (£2) °C temperataroje Sesias valandas. Siekiant
nustatyti mikromicety kolonijy skai¢iy, skiediniai
buvo paséti j mitybine terpe. Mikrobiologiné ana-
lizé atskleidé, kad importuoti rieutai yra gausiai
uzterSti jvairiy genciy mikromicetais. Drégmeés
kiekis rieSutuose priklauso nuo jy rasies ir jsigiji-
mo vietos. Didziausias drégmés kiekis nustatytas
graikiniuose rieSutuose - 13,93 %, beveik perpus
mazesnis pistacijy ir lazdyny riesutuose - atitinka-
mai 6,38 ir 6,76 %. Maziausias mikromicety prady
skai¢ius nustatytas lazdyny rieSutuose - 9,11 x 103
bei zemés rieSutuose — 11,46 x 103 ksv/g. Didziausia
mikrobiologine tarSa i$siskyré graikiniai rieSutai,
¢ia bendras mikromicety prady skai¢ius sudaré
20,90 x 103 ksv/g.

RieSutuose rastos astuonios mikromicety gen-
tys (Aspergillus spp., Acremonium spp., Cladospo-
rium spp., Fusarium spp., Mucor spp., Rhizopus spp.,
Paecilomyces spp., Penicillium spp.) ir i$skirta $esioli-
ka jy rasiy. Didziausia mikromicety jvairové nusta-
tyta lazdyny ir graikiniuose rieSutuose. Aspergillus,
Mucor ir Penicillium genéiy mikromicetai vyrau-
ja visuose rieSuty meéginiuose, taciau dominavo
Aspergillus genties mikromiceai.

Raktazodziai: Aspergilus, drégmeés kiekis, grai-

kiniai, lazdyny rie$utai, pistacijos, zZemés riesutai



