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The aim of the present work was to survey the myco-contaminants associated
with pistachio nut consumed in Riyadh, Kingdom of Saudi Arabia. A total of forty
commercially available samples, randomly collected from different locations were
investigated and the isolation frequencies of myco-contaminants were statistically
analyzed. Mycotoxins productivities of the isolated fungi were analyzed using HPLC.
Nine fungal species belonging to five genera were found to be associated with pistachio
nut samples. Distributions of isolated fungi indicated that Aspergillus niger, Rhizopus
sp. and A. flavus were predominant with isolation frequencies of 67.7%, 57.5% and
32.5% respectively. Highly significant positive and negative correlations were observed
among some fungal species when compared with the frequency of the others. The
mycotoxins; Aflatrem, maltoryzine and sterigmatocystin were produced by 60%, 40%
and 60% of the A. flavus isolates in this study. Meanwhile, 50% of the tested A. niger
isolates were oxalic acids producers. Neither citrinin nor citreoviridin could be produced
by any of the tested Penicillium spp. in this study.
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Mold has been reported to affect about myco-contaminants®’.  Numerous
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25% of the world's crops'. The agricultural and
storage practice conditions conducive to fungal
growth and toxin production could magnify yield
losses?2®. Fungal contamination of various
foodstuffs and agricultural products is a major
problem and results in human and livestock
poisoning*s.Nuts that provide high nutritional
valuefor fresh consuming or raw materials of many
industrial applications could be attacked by several

* To whom all correspondence should be addressed.
E-mail: myassin@ksu.edu.sa

deteriorating fungi could attack nutsduring storage
under improper conditions. Aspergillus,
Penicillium, Fusarium and Rhizopus are the most
dominant fungi could invade commaoditized nuts®®.

The pistachio (Pistaciaveral.) isalsoa
perishable nut vulnerable to pre and/or post-
harvest fungal infection. A. niger, A. flavus and
Penicillium spp. were the dominant pre harvest
external mycofloraof theimmature pistachio nuts'.
Several other genera; Alternaria, Aspergillus,
Chladosporium, Eurotium, Fusarium, Penicilium,
Trichoderma, Ulocladium, Epicoccum and
Rhizopus found to be associated with pistachio
kernels™..

Mycotoxigenic Aspergillus and
Penicillium are the most serious fungal genera
that responsible for secretion of different metabolic



362

toxic compounds®>*3, Accumulation of such
mycotoxic compounds affect nut quality and harm
both human and animal consumers'*¢, The myco-
contaminants in pistachio nuts imported to Saudi
Arabiafor food purposeswere surveyed and toxin-
productivity of isolated fungi wasalso investigated
in this study.

MATERIALSANDMETHODS

Samplingand mycoflora

Forty samples of pistachio nuts were
collected from forty different locationsin Riyadh
city, Kingdom of Saudi Arabia. Samples were
randomly seeded onto Petri dishes containing
PDA, in quadruples. Plates were incubated at
27+2°C and examined daily for 7 days, after which
the devel oping colonieswere counted. Developing
fungi were purified and identified to the species
level by the aid of stereo microscope then
maintained in slanted PDA. I dentification of fungal
isolates was carried out based on morphological
and mi croscopi c characteristicsin the Mycol ogical
Center, Assiut University, Egypt.
Mycotoxin analyses
Aflatrem assay

A. flavusisolateswere grown on aflatrem
production medium®’. Cultures were incubated
statically under light or dark conditionsat 30°C for
7 days after which, mycelium was separated by
filtration. One-gram aliquotswere lyophilized and
homogenizedin 10ml of a2:1 mixtureof chloroform:;
methanol, vortexed several times and centrifuged
at 2900xg at room temperaturefor 10 minto pellet
insoluble material. The supernatants were
transferred to new tubes and the solvent allowed
evaporating overnight. Five hundred microliters
of acetonitrile: water (9:1) wasadded to each of the
dried extracts and vortexed until the sampleswere
totally resuspended. Samples were centrifuged at
150xg at room temperature for 20 min, and the
supernatants were analyzed by HPL C to quantify
the aflatrem?®.
Maltoryzineassay

HPLC was performed to quantify
maltoryzine produced by A. flavus grown in
Czapek-Dox broth medium containing malt sprout
extract®.
Sterigmatocystin assay

According to Delgado and Guzman?,
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A. flavus isolates were grown on Kafer medium,
and incubated at 37°C under static conditions for
7 days. By the end of the incubation period,
mycelium was separated by filtration. ST was
extracted, with 50 ml acetonefor 30 min, followed
by 50 ml chloroform by further 30 min. The organic
phase was separated, filtered through anhydrous
sodium sulfate and evaporated in afumehood ina
water boiling bath. The residue was re-suspended
in500 puL HPL C grade methanol and filtered through
C-18 columns. Analysis of ST were performed by
HPLC.
Oxalicacid assay

The concentration of oxalic acids
produced by A. niger cultivated on Czapek-Dox
broth mediumwas determined by HPL C. Separation
of oxalic acidswascarried outinaCLCC825 CM
caption exchange column; mobile phase, 90% H20
and 10% CH3OH; flow rate, 1 ml/min and
temperature 35°C%.
Patulin and citreoviridin assay

Penicillium isolates were aseptically
cultured onto malt extract broth and incubated at
27+2°C for 7-10 days. Then, mycotoxins were
extracted using acetonitrile/water solution (5/95,
Vv:v). Solvent was then evaporated under vacuum
at 35°C. Dried residues were dissolved in 1 ml of
the same mobile phase, and then filtered through a
0.45-ummicro-filter prior to HPL C analyses®.
Statistical Analysis

MSTAT-C statistical package, Michigan
State Univ., USA was used for ANOVA and
Correlation analysis of the fungal isolation
frequency. Duncan's multiple test was used to
compare means. Cluster analysis by the
unweighted pair-group method based on arithmetic
mean (UPGMA) was performed using SPSS6.0
software package.

RESULTS

Mycofloraanalysis

Nine fungal species belonging to five
genera were isolated from a total of 40 random
samples of pistachio nut. Distributions of isolated
fungi indicated that A. niger, Rhizopus sp. and A.
flavus were predominant with i solation frequencies
of 67.7%, 57.5% and 32.5% respectively (Table 1).

Analysis of variance of the fungal
isolation frequency (Table 2) reveal ed that fungus,
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sample and fungus x sample interactions were all
highly significant sources of variation in
frequencies of fungi isolated from pistachio nut.
The fungus was the least important as a source of
variation in isolation frequency, while fungus x
sample interaction was the most important topic

(Fig. 1).
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Fig. 1. Relative contribution of samples (S), fungus (F)
and their interactions (Sx F) to variation in frequencies
of fungi isolated from Pistachio nut samples

The significance of fungus x sample
interactionsindicatesthat isolation frequencies of
fungal species are varies according to the sample
sources. For example, isolation frequency of
A. flavus was significantly higher than
P. chrysogenum frequency in sample No. 25 and
the vice versa in sample No. 38. Although,
Rihizopus sp. and P. chrysogenum showed an
equal isolation frequencies in sample No. 8. The
isolation frequency of Rihizopus sp. was
significantly smaller than P. chrysogenum
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Table 1. Frequencies (%) of the fungi
isolated from Pistachio nut samples

Fungi Frequencies %
1. A flavus 325
2. A niger 67.5
3. P. aurantiogriseum 5.0
4. P. brevicompactum 150
5. P. chrysogenum 225
6. P. funiculosum 25
7. Phoma eupyrena 50
8. Urrotium amstelodam 75
9. Rhizopus sp. 575

Table 2. ANOVA of isolation frequencies of fungi
isolated from Pistachio nut samples.

Source of Df MS F.vaue P
variation

Replication 2 0.317 0.425
Samples 39 0.733 0.983 0.000
Fungi 8 286.443 384.310 0.000
F 312 16.747 22.468 0.000
Error 718 0.745

Highly significant positive and negative
correlations were observed among some fungal
species when compared with the frequency of the
others. Highly significant positive correlation was
found among Rhizopus sp. and A. niger, indicating
similar colonizing conditions of these fungal
species in the pistachio nut. On the other hand,
highly significant negative correl ation was among
Rhizopus sp. and A. flavus indicating different
colonizing conditions of these fungal species in

(Table3). the pistachio nut (Table 4).
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Fig. 2. Phenogram based on averagelinkage cluster analysis of frequencies of fungi recovered from almond samples
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Table 3. Comparable isolation frequencies of fungi isolated from Pistachio nut samples

Sample Isolation frequencies %

No. 1 2 3 4 5 6 7 8 9

1 0.00U 61.1109  0.00U 0.00Y 20.83"-S  0.00Y 0.00Y 18.05MS .00
2 0.004 83.33¢0  opu 0.004 16.67M-S 0.00Y 0.004 0.004 0.004
3 0.00U 68.892F  0.00U 0.00Y 19.76MS oo 0.00Y 11.43"t 0.00Y
4 0.004 71118 0.00v 0.004 0.004 0.004 0.004 28.89k-0  oooY
5 0.004 5054 0.00Y 25.0MS  0.004 0.00Y 0.00Y 12,5t 0.00Y
6 0.004 68.250-9  0.00U 0.004 0.004 0.004 0.004 31740 o.00Y
7 0.00U 81.94&C 0,00 0.00Y 0.00Y 0.00Y 0.00Y 18.05MS .00
8 0.00U 60.47°9  0.00U 0.00Y 19.76MS  0.00Y 0.00Y 19.76MS  0.00Y
9 0.004 75%¢€ 0.00u 0.00Y 0.00Y 0.004  o.004 25.00M-S  0.004
10 0.00U 0.00U 4833k 000U 0.004 51.66%1  0.00U 0.004 0.004
11 0.004 72.208F 00U 0.004 0.004 0.004 0.004 27.78<P  0.00Y
12 0.004 0.004 0.004 0.004 10002  0.00Y 0.004 0.004 0.004
13 86.6780  0.00U 0.004 0.004 13.339t  ooou 0.004 0.004 0.004
14 0.004 83.33%C  0.00Y 0.004 0.004 0.004 0.004 16.67% 0.004
15 0.004 0.004 85.000  0.00U 0.004 15.00P-S  0.00Y 0.004 0.004
16 65.1899  0.00Y 0.004 24.44-9 000U 0.004 0.004 10.37% 0.004
17 0.004 71.318f 00U 0.004 0.004 0.004 0.004 28690  0.00Y
18 0.00U 50,5209 0.00U 22.62M-"  0.00Y 0.00Y 0.00Y 17.85MS  o.00
19 0.00U 80.00%¢  0.00Y 16678t 83.33%C oQu 0.00Y 20.00m-S .00
20 0.004 83.33%C  0.00Y 0.004 0.004 0.004 0.004 16.6 S 0.004
21 0.004 0.004 0.004 100.002  0.00Y 0.004 0.004 0.004 0.004
22 0.004 88.89%  0.00Y 0.004 0.004 0.004 0.004 11.118t 0.004
23 0.004 51.85¢H 000U 0.004 0.004 0.004 0.004 48.158) 0.004
24 85.0080  0.00Y 0.004 15.00P-S  0.00Y 0.004 0.004 0.004 0.004
25 75.47&d 000U 0.00Y 0.00Y 19.67M-S  0.00Y 0.00Y 476 0.00Y
26 0.004 76.66%€  0.00Y 0.00Y 0.004Y 0.00Y 0.00Y 23.33Ms .00
27 675809 3241-" 000U 0.004 0.004 0.004 0.004 0.004 0.004
28 35.98""M 443191 000U 0.00Y 19.70M-S  o.00Y 0.00Y 0.00Y 0.00Y
29 37.73hM 622709 0.00U 0.004 0.004 0.004 0.004 o.o0Y 0.004
30 0.004 55550  0.00U 0.004 0.004 0.004 0.004 44.44-n o004
31 o.004 64.8909  0.00U 0.004 0.004 0.004 0.004 35.18K0  oooY
32 43330 34.44h-M (oou 0.00Y 0.00Y 0.00Y 0.00Y 2220t 0.00Y
33 100.002  0.00Y 0.004 0.004 0.004 0.004 0.004 0.004 0.004
34 0004  5454N ooov 0004  o0o00Y  000Y 0004 45457k ooou
35 50.00 50009 0.00Y 0.004 0.004 0.004 0.004 0.004 0.004
36 19.449-S  80.55%C (0.00U 0.00Y 0.00Y 0.00Y 0.00Y 0.00Y 0.00Y
37 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 100.002
38 15.00P-S  0.00Y 0.004 0.004 85.000  0.00U 0.004 0.004 0.004
39 100.002  0.00Y 0.004 0.004 0.004 0.004 0.004 0.004 100.002
40 0.004 0.004 0.004 0.004 0.004 0.004 100.002  0.00Y 100.002

1. A. flavus, 2. A. niger, 3. P. aurantiogriseum, 4. P. brevicompactum, 5. P. chrysogenum, 6. P. eupyrena
7. P. funiculosum, 8. Rihizopus sp., 9. U. amstelodam.

Cluster analysis of fungal isolation positively in their distribution patterns over
frequencies (%) showed that isolated fungi appear  samples, whereas between groups, they were
toform 2 distinct groups. Thefirst groupincluding  associated weakly or negatively. Thisresultimplies
A. flavus and A. niger while the second was the potential existence of sample (environment)
divided into 3 subgroups (Fig 2). Within each  related fungi.
group, fungi were associated strongly and
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Table 4. Correlation among frequencies of fungi isolated from Pistachio nut samples
Fungi 1 2 3 4 5 6 7 8 9
1. A niger 0.540** -0.285 -0.257 -0.295 -0.214 -0.283 -0.535** a
2. Rhizopus sp. -0.236 -0.161 -0.206 -0.149 -0.183 -0.457** a
3. P. chrysogenum -0.107 -0.084 -0.061 -0.075 -0.057 a
4. P. brevicompactum -0.062 -0.045 -0.055 -0.037 a
5. P. aurantiogriseum -0.035 0.684** -0.134 a
6. Urrotium amstelodam -0.031  -0.097 a
7. Phoma eupyrena -0.119 a
8. A. flavus a

9.P. funiculosum

a= cannot be computed because at least one of the variables is constant.
Linear Correlation coefficient (r) is significant at P< 0.05 (*) or P<0.01(**)

Table 5. Production of Aflatrem, maltoryzine
and sterigmatocystin by A. flavus

A. flavus Mycotoxin (ppb)

Table 6. Production of oxalic acid by A. niger isolates

A. niger isolates Oxalic acid (ppm)

. : : ) Anl 450.00
isolates Aflatrem Maltoryzine Sterigmatocystin An.2 0.00
Afl 2.00 11.00 325.00 2’2'2 1(5)&? 80
Af2 1.00 0.00 650.00 ANS 80.00
Af3 1.00 4.00 225.00 AN 6 350,00
Af4 0.00 0.00 0.00 An7 0.00
Af5 0.00 0.00 0.00 Ans8 0.00
Ang 0.00
M ycotoxinsassay An0 05090
Aspergillustoxins
HPLC analyses of Aspergillii periodsdueto theidea nutritional characteristics

mycotoxigenicity revealed that Aflatrem (1-2 ppb),
maltoryzine (4- 11ppb) and sterigmatocystin (225-
650 ppb), were produced in the culture media by
60%, 40% and 60% of the A. flavusisolatesin this
study (Table 5). Meanwhile, 50% of the tested A.
niger isolates were capable of producing oxalic
acids ranged from 80-630 mg/ml in their culture
media(Table6).
Penicillium toxins

Neither citrinin nor citreoviridin could be
produced by any of the tested Penicillium spp. in
this study.

DISCUSSION

I solation of seed deteriorating fungi from
pistachio nut was agreed with the documented
results of several investigators#9224, Theinfection
by such fungal genera might be occurred during
growth, harvesting, transportation or storage

of pistachio nut”?2%, [nappropriate conditions of
post-harvest, marketing and/or storage periods
could result in increasing fungal population®®°,

Most of A. flavus isolates in this survey
were capable of producing aflatrem, maltoryzine
and sterigmatocystin mycotoxins in their culture
media'®2"%8, Thisfinding was agreed with those of
many investigatorst”?303 Most of the tested
A. niger isolates also were capable of producing
oxalic acidsin the culture media=.

Tested isolates of Penicillia failed to
produce any citrinin and/or citreoviridin
mycotoxinsin thisstudy. Thisresult was disagreed
with those of many investigators!2131°,

CONCLUSON
Myco-contamination of pistachio nut

could be increased due to the ideal nutrient
composition, as well as inappropriate processing

J PURE APPL MICROBIO, 7(SPL. EDN.), NOVEMBER 2013.
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and storage conditions. To minimize the risk of
contamination with mycotoxigenic fungi, and
prevent hazards to human health; rigorous
guarantine, accurate diagnosing methods and
healthy storage conditions should be undertaken.
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