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ABSTRACT: Aflatoxins (AFs) are secondary metabolites produced by toxigenic fungi in the
field or during storage. A total of 72 in-shell and shell-less samples of almonds, hazelnuts and
walnuts were collected from small retails and hyper-Egyptian markets from middle June to
middle July of 2015. This is the period of the holy month of Ramadan in Islamic calendar; the
main season for consuming nuts in Egypt. Fruit quality and aflatoxins contamination including
AFB;, AFB,, AFG;, AFG, and total AFs were measured after collecting samples from market,
and after six months of cold storage, at 7°C and 70 % relative humidity, using high performance
liquid chromatography (HPLC). All nut samples collected from small retails and hyper-markets
were free from AFs. After six months of cold storage, only one sample of shell-less almonds
recorded 1.6 ug AFG,/kg kernels. Nut quality had deteriorated after storage, especially for shell-
less walnuts and shell-less hazelnuts, compared to other nuts. We concluded that storage of in-
shell nuts is preferred than the shell-less ones to keep good taste, avoid insect and fungal
infection, and to protect nuts from AFs contamination. Strict quarantine of nuts and other
imported food products is important to ensure food safety and AFs free.

Key words: Aflatoxin, nuts, cold storage, HPLC

INTRODUCTION Unfortunately, storing nuts in unsuitable

Nuts is a common term refers to any fruit conditions  causes  aflatoxins  (AFs)
with hard-shell and edible kernel. It includes contamination and some biochemical
number of species such as almond, Brazil changes that eventually affect kernels
nut, hazelnut, pecan, pistachio, walnut, etc. quality and may cause huge economic
Nuts are a good source of energy and losses (Christopoulos and Tsantili, 2012 and
nutrients. They contain a relatively large Raisi et al., 2015) .

quantity of calories, essential unsaturated
fatty acids, amino acids, minerals and
vitamins (Kris-Etherton et al, 1999 and
Kornsteiner-Krenn et al., 2013). Nuts in the
Egyptian markets are imported from foreign
countries. Almond (Prunus amygdalus L.)
and hazelnut (Corylus avellana L.)
are produced mainly in Mediterranean
countries and the United States, as well as
Asia for almond, while, walnut (Jugland spp.
L.) is produced in temperate zone of the
Northern Hemisphere, particularly in the
United States (FAO, 1994 and FAO, 2013).
Imported nuts are stored and consumed all
over the year, especially in Ramadan.

Aflatoxins are a group of toxic
metabolites called “mycotoxins”. They are
produced by Aspergillus spp. moulds,
especially Aspergillus flavus and Aspergillus
parasiticus (Leontopoulos et al., 2003 and
Zhang et al., 2014). About 20 forms of AFs
were identified, but the most prevalent and
toxic forms are AFB,, AFB,, AFG; and
AFG,. Food contamination with AFs is very
dangerous to human body. Aflatoxins can
cause many health risks as they are
carcinogenic and can cause both acute and
chronic toxicity (Wild and Gong, 2010).
Aflatoxins contamination had been
confirmed in many kinds of nuts in many
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countries such as; South Korea, Malaysia,
Turkey, Pakistan, Saudi Arabia, and lIran
(Chun et al., 2007, Leong et al.,, 2010,
Luttfullah and Hussain, 2011, Deabes
and Al-Habib, 2011, Dini, 2013). This
contamination depends on several factors
during pre- and post-harvest stages, such as
water availability, plant nutrition,
temperature, humidity, oxygen, carbon
dioxide, insects, rodents infestation, fungal
infection, transportation method, drying
process, storage conditions, and storage
period (Saleemullah et al., 2006, Embaby,
2012, Georgiadou et al., 2012, Fani et al.,
2013). Although aflatoxins contamination
had been reported in Egypt in many
products, such as milk, wheat, rice and
maize, few data were obtained about nuts
and their products.

Storage conditions have a dramatic effect
on nuts quality. They can cause many
biochemical changes that affect kernels
taste and odor. Unfavorable conditions have
effect on weight loss, respiration rate, total
phenoles, total antioxidant capacity, fatty
acids composition, and oxidation stability.
These changes may cause off-flavor,
rancidity, browning and other characteristics
that end up with unacceptable nuts for
consumption  (Lopez et al, 1995,
Christopoulos and Tsantili, 2012, Raisi et al.,
2015). Therefore, this study was conducted
to screen AFs contamination in three types
of imported nuts (almond, hazelnhut, and
walnut) collected from Egyptian markets
(small retails and hyper-markets). This study
is also comparing AFs content and fruit
quality of in-shell and shell-less nuts after six
months of cold storage (7°C and 70% RH).

MATERIALS AND METHODS
Samples collection

A total of 72 in-shell and shell-less fruit
samples of almond (Prunus amygdalus),
hazelnut (Corylus avellana) and
walnut (Jugland spp.) were collected
randomly from small retails and hyper-
markets (two kilograms for each sample) at
different Egyptian governorates from middle
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June to middle July of 2015 (Ramadan).
Samples were collected in plastic bags (250
g/bag). Aflatoxins content and fruit quality
were assessed firstly after collecting
samples. Then, these characters were
reassessed after six months of cold storage
at 7°C and 70% RH.

Sensory evaluation

Taste score was carried out before and
after storage by 25 panelists (10 male and
15 female, with age range of 20-45 years).
Taste quality was scored as excellent, very
good, good and bad, and any abnormal
flavor was listed. Water was used to rinse
the mouth between each tasting.

Insect and fungal infections were
observed for shell-less nuts. While for in-
shell nuts, twenty fruit were randomly
collected and shell were removed for this
observation.

Aflatoxins contamination

Individual forms of AFB,, AFB,, AFG,,
AFG, and total Aflatoxin (AFs) were
determined as pug/kg fresh weight. Fifty
grams of each examined sample without
shell were fine grounded and extracted
using 100 ml of acetonitrile/water solution
(9:1 v/v), and then purified by immunoaffinity
column. Aflatoxins level were conducted
using high performance liquid
chromatography (HPLC) according to AOAC
(2012) at the Regional Center for Food and
Feed, Agricultural Research Center),
Ministry of Agriculture (Accredited lab
according to ISO/IEC 17025 from A2LA. The
limit of detection was 0.007ug/L (equivalent
to 0.014 pg/kg content in samples).

Statistical analysis
Data were analyzed using Excel 2010,
and mean values were calculated.

RESULTS AND DISCUSSION
Aflatoxins contamination
Chromatograms obtained for standard
solution, contaminated and free AFs
samples of in-shell and shell-less almonds,
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hazelnuts and walnuts collected from
Egyptian markets during Ramadan 2015 are
shown in figures 1, 2 and 3. Results of 72
nut samples analyzed for aflatoxins before
and after six months of cold storage are
summarized in Table 1. Results indicated
that all collected samples from different
Egyptian markets of in-shell and shell-less
almonds, hazelnuts, and walnuts were free
from all forms of aflatoxins. These results
are agree with Jelinek et al. (1989) who
noticed that almonds, hazelnuts and walnuts
are considered at lower risk of aflatoxins
contamination. Also Chun et al. (2007) in
South Korea reported that walnuts are free
from AFs compared to pistachio, peanuts
and peanut products. In Qatar, Abdulkadar
et al. (2000) reported that collected nut
samples of in-shell almonds, shell-less
almonds, shell-less walnuts and in-shell
hazelnuts were free from AFs, while they
detected contamination in pistachio and
peanuts. In Portuguese market, only 1 out of
21 examined samples of almonds was
contaminated with 4.97 pg/kg of AFs
(Rodrigues et al., 2012). On contrast, high
aflatoxins contamination in nuts has been
reported earlier in many countries. In Saudi
Arabia, Deabes and Al-Habib (2011)
detected 60, 40 and 40% contaminated
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samples with AFB; of in-shell
walnuts, almonds and hazelnuts,
respectively. In Pakistan, Luttfullah and
Hussain (2011) reported different
percentage of AFs contamination (30%, 40%
and 70%) in shell-less almonds, in-shell
walnuts and shell-less walnuts,
respectively. In Malaysia, Leong et al. (2010)
reported that 16.3% of tested nuts and
commercial nut products were contaminated
with AFs ranging from 17.2 to 350 pg/kg.
These percentages of contamination were
very high compared to our results. The high
level of AFs contamination in these countries
may be attributed to that most of these
countries are nut production regions, where
fruit are prone to fungal contamination in the
field and during pre- and post-harvest
stages (Embaby et al., 2012), in addition to
unfavorable storage conditions or long
period of storage (Georgiadou et al., 2012,
Fani et al, 2013). Whereas in imported
countries, like Egypt, there are regulations to
determine the limited concentration of AFs in
food and feed products, and hence imported
food products are subjected to strict
guarantine tests before entering the country
to ensure the safety and freedom of AFs.
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Fig. 1.Chromatogram of AFs standard solution.
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Fig. 2. Chromatogram of AFs contaminated shell-less almond.
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Fig. 3. Chromatogram of non-contaminated in-shell and shell-less samples of almonds,
hazelnuts and walnuts collected from Egyptian markets during Ramadan 2015.

Table 1: Aflatoxins (ug/kg) in nut samples before and after six months of cold storage.

Samples type market  Number Number
of of contaminated Mean of AFs
samples samples (detected forms)
before after before after
In-shell almonds Hyper 6 - - - -
small 6 - - - -
Shell-less almonds hyper 6 - - - -
small 6 - 1 - 1.6 (AFG,),
1.6 total AFs
In-shell hazelnuts hyper 6 - - - -
small 6 - - - -
Shell-less hazelnuts hyper 6 - - - -
small 6 - - - -
In-shell walnuts hyper 6 - - - -
small 6 - - - -
shell-less Walnuts hyper 6 - - - -
small 6 - - - -
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After six months of cold storage at 7°C
and 70% RH, AFs contamination appeared
in only one of six shell-less almond samples,
collected from small retail market (1.6 pg/kg
of AFG; form and 1.6 pg/kg of total AFs).
These values are stfill less than the
recognized maximum limited value (8 pg/kg
for AFB; and 10 pug/kg for total AFs)
(European Commission, 2010). Same
results were recorded by Georgiadou et al.
(2012) in pistachio nuts who found that
samples free from AFs at collection were
free from contamination after storage under
controlled conditions (5-7°C and 45-60%
RH), while contaminated samples at drying
presented the same amount of AFs after
storage with no significant differences. Also,
Luttfullah and Hussain (2011) reported that
aflatoxins  contamination appeared in
damaged and shell-less nuts more than in-
shell nuts. Saleemullah et al. (2006) found
that nuts stored for long time (12-18 months)
increased AFs content compared to short
storage period (2-3 months). The
appearance of AFG; in almonds samples is
might be due to the invasion of nuts by A.
parasiticus, rather than A. flavus (Hesseltine
et al., 1970).

Sensory evaluation
Sensoryevaluationbeforecold storage
Data presented in Table (2) showed that

before storage, the collected samples of in-
shell and shell-less almonds have the same
excellent taste in both markets. Whereas, in-
shell hazelnuts and in-shell walnuts have
better taste compared to the shell-less ones
in both small retails and hyper-markets. The
lowest taste score was found in shell-less
hazelnuts, especially of small retail markets;
however, taste is still acceptable. The lowest
taste score of shell-less nuts may be due to
the effect of shell in preventing kernel and its
component from surrounding environmental
conditions. Due to the high lipid content of
nuts, oxidation or break down of fatty acids
may take place, when nuts exposed to air, to
produce secondary products such as
aldehydes, ketones, alcohols, hydroxyl acids
and hydrocarbons, which are often volatile
components that resulted in off-flavor and
off-odor (Martin et al., 2001). Insect infection
was detected in one sample of shell-less
hazelnuts collected from small retail, while
there were no fungal infection appeared on
all collected samples. This is can be
explained by the findings of Embaby et al.
(2012) who  reported that fungal
contamination occurred in the field during
harvest, transport, marketing, and storage
under domestic condition, whereas imported
nuts must be free of insect and fungal
infection to pass through quarantine.

Table 2: Sensory evaluation of nut samples before and after six months of cold storage.

Number Insect infected Fungal infected Taste score
Samples type market of samples samples
samples before after  before after before after
In-shell almond Hyper 6 - - - - FH++
small 6 - - - - FH+
Shell-less almond hyper 6 - - - - +H++
small 6 - 2 - - ++++
In-shell hazelnut hyper 6 - - - - +H++
small 6 - - - - e
Shell-less hazelnut hyper 6 - 2 - - +++ ++
small 6 1 4 - - ++ +
In-shell walnut hyper 6 - 2 - - FH++
small 6 - - - - FHHE
shell-less Walnut hyper 6 - 2 - - 4+ +
small 6 - 4 - - 4+ +

Where: ++++ Excellent; +++ very good; ++ good; + bad)
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Sensory evaluation after cold
storage

Data in Table (2) showed that after 6
months of cold storage, taste score had
decreased for all nut samples except for in-
shell almonds of both small retail and hyper-
markets, and in-shell walnuts of hyper-
markets. The lowest taste score was
reported with shell-less walnuts of small
retail and hyper-markets, and shell-less
hazelnuts of small retail markets only. Shell-
less nuts were more susceptible to
oxidation, due to the higher contact surface
to oxygen, compared to in-shell ones (Martin
et al., 2001). The reduction in taste score of
shell-less walnuts and shell-less hazelnuts,
compared to shell-less almond may be due
to their high content of total oil. Generally, oil
content is the highest in walnuts, followed by
hazelnuts, and then almonds (Kornsteiner-
Krenn et al., 2013). The influence of small
retail and hyper-markets on the quality of in-
shell and shell-less almond did not appear,
while all in-shell and shell-less samples of
hazelnut and walnut collected from hyper-
market have higher quality in comparison to
those collected from small retail markets.
This is may be due to the exposure of nuts
to unfavorable conditions in the small retail
markets, such as high temperature and
humidity, direct sun exposure, and mixed
storage with other products. These findings
are parallel with Martin et al. (2001) who
reported that storage at low
temperature (4 °C and 78% RH) maintains
quality and good oxidative stability of
almonds for at least 10 months.

Insect infection was increased after
storage, mainly in shell-less ones. Almonds,
hazelnuts and walnuts collected from small
retails were more infected compared to nuts
collected from hyper-markets (Table 2). This
is due to the role of shell in protection of
kernels from insects and the strict roles
given in hyper-markets regard insect and
rodents infection.

CONCLUSIONS

The absence of AFs in all collected
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samples from small retails and hyper-
markets during June and July 2015 refers to
the important role of quarantine to avoid AFs
contamination and ensure food safety. After
six months of cold storage at 7°C, aflatoxins
were detected in one sample of shell-less
almond, but it is still within the safe limit, as
recommended by European Commission
(2010). Storage of in-shell nuts is more
preferred to keep the good taste and to
avoid insects and fungal infection that may
results to nuts contamination with AFs. Cold
storage is more suitable to avoid nuts
contamination with AFs, but it is not enough
to keep the good taste of the nuts. The
relationship between taste quality and AFs
contamination was not detected. Further
studies are necessary to follow AFs
contamination on other nuts and nut
products for longer storage period to
decrease the risk of aflatoxin contamination
of nuts in the Egyptian markets.
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