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ABSTRACT

Samples of spices (black pepper and cumin)
collected from local markets were examined for
total fungal contamination (T.F). Different fungal
. genera and species were isolated and identified.
The selected spices were treated separately with
physical treatments (y rays, thermal and wash-
ing).The efficiency of these treatments on TF and
aflatoxins (AFs) content were investigated. The
obtained results revealed that raw marketed spices
were contaminated naturally by different species of
fungii.e. Aspergillus parasiticus, Aspergillus flavus,
Aspergillus niger, Aspergillus ochraseus, Aspergil-
lus terreus, Penicillium sp., Mucor sp., Rhizopus
sp., Fusarium sp. and Cladosporium sp. at different
levels. y-irradiation at dose level 10 kGy com-
pletely sterilized the spices samples during the
storage period (10 weeks), whereas some fungal
growth started again after few weeks of storage on
samples exposed to 4.0 and 5.0 kGy. In the same
time, thermal and washing treatments failed to
control TF during storage .The detection of AFs
proved presence of B4, B2, G1 in black pepper, B4,
B2 in cumin with different concentrations. Gener-
ally, high y-irradiation doses (10, 20 kGy) slightly
reduced the AFs in spices samples. Thermal
treatments and washing also slightly decreased
the AFs contaminated in the tested spices. Slight
reduction was clear in some AFs which can be
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express as linear regression analysis with high
significant values (R?) were tabulated in details.
Finally, the obtained results proved the preferability
of using high dose level of 10kGy for decontamina-
tion of TF exist in spices on the condition they are
AFs free for the safe human consumption.

INTRODUCTION

Food irradiation by u‘§ing y- irradiation has
been recommended to be used on a commercia!
scale in more than 40 countries. Egypt, now has
three licenses for irradiated herbs, spices, dried
onion and powdered garlic (E.S. 1997). All these
commercial applications were done according to
the international agreement from World Health
Organization (WHO, 1981) to use irradiation up to
10 kGy as safe
sumption. Also, the same organization raised that
level to 756 kGy (WHO, 1997). Decontamination of
spices by irradiation occupied the majority of irra-
diated food as safe alternative for hazard chemi-
cals besides its advantages as applicable method
for irradiation the package spices besides the suit-
ability for using on large scale (Farag et al 2005).

Black pepper has represented about 80% of
the trade mark of all spices besides it is considered
to be heavily contaminated with moulds (Emam et
al (1995). A survey from France implicated pepper
as being the source of the toxigenic Aspergillus
flavus responsible for the high levels of aflatoxin
(AF) found in sausages and pepper cheese (Far-
kas, 1988). Recently, studies showed that 14 spe-
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cies, were recovered and identified from dried and
ground spice samples on several media using
standard dilution plate method (Mandeel, 2005).
The same author showed that most heavily con-
taminated spice samples examined were observed
in red chili and black pepper in order of magnitude
of 1580 and 1120 cfu/g, respectively. The most
predominant fungal genera encountered were As-
pergillus, Penicillium, Rhizopus, Cladosporium and
Trichoderma. Also, cumin seems to be most heav-
ity contaminated with different molds as A. glaucus
groups, A. niger and Penicillium spp. which are
usually most prevalent (Mandeel, 2005). AFs are
potent toxic, carcinogenic, mutagenic, immuno-
suppressive agents, produced as secondary me-
tabolites by the fungus. A. flavus and A. parasiticus
on variety of food products (Kelly et al 2002).
Among of 18 different types of AF identified, major
members are By, Bz, Gy and Ga. AFB; is normally
predominant in food products. In the same time
inhalation exposure to the carcinogen AFB; in cer-
tain occupations is considerable. (Wang et al
2001, Henry et al 2002; Williams et a/ 2004 and
Zinedine et al 2005).

The present work was carried out to reduce the
fungal count and AFs contamination of most impor-
fant spices (black pepper, cumin) using safe physi-
cal methods as y-irradiation, gentle thermal treat-
ments and water washing.

MATERIALS AND METHODS
Materials

Twenty samples of spices — ten per each black
pepper (Piper nigrum L.} and cumin (Cuminum
cyminum L.) were collected from various retailers
in Cairo city (Egypt). Each fifty gram of spice was
labeled in clean containing polyethylene packets.
The samples were taken to the laboratory of the
National Centre for Radiation Research & Tech-
nology (NCRRT), Nasr City as soon as they were
collected and treated with different treatments. In
the same time the test for isolation and identifica-
tion of different pathogenic fungal genera were
done at National Centre for Research, Dokki.

Methods
1- Samples preparation and treatments

Samples from black pepper and cumin were
treated separately with the following treatments.

- Gamma irradiation

Pepper and cumin samples were irradiated with
y-irradiation at different doses of 0.0, 3.0, 4.0, 5.0,
10.0 and 20.0 kGy at NCRRT using Cobalt-60 y-
ray source manufactured in Russia at dose rate
0.09 kGy min™. The source had been calibrated by
the National Physical Laboratory (NPL, Tedding-
ton, UK) using the dichromate dosimetry system.
Three replicates were used per each dose.

- Thermal treatments

Samples of spices were spread on trays in
electrical oven with thermometer then heated at
55'C/30 minutes and 55 C/1 hour. Samples were
collected separately, packed and stored at room
temperature (25-30 C, 70-75 RH%) until starting of
analyses.

- Washing process

Whole seeds were washed by stream of pure
tap-water for 10 minutes, dried by ventilation and
fans. The dried seeds were packed after treat-
ments, stored for 10 weeks at room temperature.

2- Microbiological analysis

The microbiological tests were carried out at
Food Industries and Nutrition Division, Toxicology
and Food Contaminants Department, National Re-
search Center, Dokki. These analysises were TF
and AFs in treated samples. Potato Dextrose Agar
(PDA) medium (Difco) was used for isolation and
identification of the different fungal genera.
Whereas, AF. standard as B, B2, Gy and G2 were
obtained from Sigma Chemical Company, U.S.A.

-Isolation and identification of fungi

A survey of fungl and the fungal counts were
carried out according to Koburger & Marth (1984),
Ten grams of each ground sample were trans-
ferred to sterilized flask containing 80 ml of steril-
ized saline solution. Serial dilutions i.e. 107, 102,
10, 10 and 10®° were prepared then 1 ml was
transferred on a Petri dish containing Potato Dex-
trose agar medium and Incubated at 25°C + 2 for 7
days (Ejechi et al 1997). Fungi colonies were
counted, then picked, purified on potato dextrose
agar (PDA) slants and incubated for 5 days at
25°C 1 2 for identification. The identification were
carrled out on the purified fungi colonies according
to Nelson et al (1983).
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- Determination of aflatoxins (AFs)

The aflatoxins content extracted from randomly
selected samples of spices using chloroform, then
filtered through glass wool. The filtrates were trans-
ferred to a separating funnel and the lower chloro-
form layer was passed through anhydrous sodium
sulphate. The extracts were finely dried under ni-
trogen and stored in vials at-20°C untii AFs deter-
mination. The determination was carried out as
follow: -

Spots of extracted samples and aflatoxin stan-
dards were applied on pre-coated and reactivated
Thin Layer Chromatography (TLC) at 105°C for
fwo hours. Silica gel (Gf 2s4) with thin layer (0.25
mm) was used as stationary phase. TLC plates
were then developed in Toluene: ethyl acetate:
88% formic acid (60:30:10 v/viv). After develop-
ments TLC were dried and exposed to long wave
length ultra violet light for visual estimation. A
Spectrodensitometer was used in assay with a
reflectance mode at excitation wave length 360
nm. This was carried out by Micro” Analytical Cen-
tre, Faculty of Science, Cairo University. AF con-
tent in the positive samples were determined, and
calculated as pg/kg by the following equation ac-
cording to ACAC (2000).

AFs (ug/kg) = (BX Y xS x V) / (Zx X x W).

Where: B = area of AFs peak in sample, Y = con-
centration of AFs standard pug/ml, S = AF standard
spotted pl, V = final dilution of sample extracts pl, Z
= area of AF peak in standard, X = sample extract
spotted ul, W = g sample represented by final ex-
tract.

AF Reduction (%) of AF can be calculate as fol-
lowing;

conc. AF of treated sample

AF = X 100

conc. AF of untreated sample

3- Statistical analysis

The regression analysis of obtained results was
carried out according t¢ Snedecor and Cochran
(1967) by using Excel program with computer.

RESULTS AND DISCUSSION
- Fungal contamination of spices

Untreated samples cf raw materials from Egyp-
tian local markets either black pepper or cumin
samples were heavy contaminated with fungi.

‘Thirty seven and thirty one fungal isolates from
pepper and cumin respectively were randomly col-
lected from Petri dishes for identification tests. Five
genera were identified in both spices samples as
Aspergillus  sp., Penicillium sp., Mucor sp.,
Rhizopus sp. and Fusarnium sp. Whereas genus
Cladosporium sp. was only detected in black pep-
per as shown in Table (1). Aspergillus sp. occu-
pied the highest percentage of isolates, it is re-
corded 54.03% and 51.58% for pepper and cumin
respectively. Both of A. niger and A. flavus occu-
pied the majority percentage of isolates in black
pepper and cumin as 29.72% and 32.24% respec-
tively. These results proved presence of fungi as
heavy contamination naturally in raw spices-as
found before treatment in the local market due to
soil or air dust contamination. Also, the same
things may be due tc poor health and hygienic
facilities during pre-, post-harvest as handling or
packing process under tropical regions whereas its
production area with high humidity, heavy rains
and temperature which activate growth of fungi.
The same results were obtained by different work-
ers (Farkas 1988; Farag et al 1996; Shaban et al
2003; Fazekaz et al 2005; Mandee! 2005 and
Ardric et al 2008).

- Decontamination of spices

As shown in Tables (2 & 3) Total fungal
counts(TFC) were 6.5x10%, - 5.8x10* CFU.g™ in
unirradiated black pepper and cumin, respectively.
These numbers increased slightly during storage
at room storage to record after ten weeks 8.2x10°.
8.0x10° CFU.g™ for black pepper and cumin, re-
spectively. Most of the used treatments decreased
TFC in spices either with low doses of irradiation
(3,4 kGy), thermal or washing treatments. High
doses of irradiation 5.0 kGy inactivated TFC but
they grow again at 8 and 10 weeks for black pep-
per and cumin. In the same time, high doses 10.0
and 20 kGy were the best treatments which suc-
ceeded for decontamination the tested spices.
Similar to these findings were obtained by some
workers (Farkas, 1988; Farag et al 1996;
Shabana, 2003 and Mandeel, 2005).

Effect of physical treatments on aflatoxins
(AFs) content

As shown in Tables (4 & 5) the concentrations
of AFs were higher in raw samples this is due to
presence of toxigenic fungi with high contamination
levels as mentioned above. The detection of
AFs proved presence of By, Bz, G1 in black pepper
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Table 1. Fungal species isolated from Black pepper and Cumin

Black pepper Cumin
Types of fungi screened

NPS - % NPS %
Aspergillus parésiticus 3 8.10 2 6.45
Aspergillus flavus 6 16.21 5 16.12
Aspergillus niger 5 13.51 5 16.12
Aspergillus ochraseus 4 10.81 3 9.67
Aspergillus terreus 2 5.40 1 3.22
Penicillium sp. 5 13.51 4 12.90
Mucor sp. 2 5.40 4 12.90
Rhizopus sp. 5 13.51 3 9.67
Fusarium sp. 3 8.10 4 12.90
Cladosporium sp. 2 5.40 ND ND
TNI : 37 100 31 100

NPS: Number of positive samples. TNI: Total number of fungal isolates.
N.D: Not detected. (total number of samples per each spice was ten samples.)

Table 2. Effect of physical treatments on Total Fungal Counts of black pepper during storage at
room temperature (25-30°C, 70-75 RH %)

Storage Un- Irradiation doses (kGy) . Thermal
period - Washing
treated
(week) 3.0 4.0 5.0 10 20 A B
Zero s .
6.5x10°  6.3x10" ND ND ND ND 54x10° 8.4x10'  55x102
fime
2 6.8x10°  6.5x10" ND ND ND ND 59x10° 6.8x10"  5.7x10%
4 6.9x10°  6.7x10" ND ND ND ND 6.3x10° 8.8x10"  6.0x102
6 7.0x10° 6.9x10" 5.00x10 ND ND ND 62x10° 9.1x10" 6.4x10°
8 71x10°  7.0x10' 54x10' 32x10' ND ND 6.9x10° 9.3x10" 8.7 x10?
10 8.2x10%° 7.4x10" 58x10'" 39x10'" ND ND 7.1x10° 96x10' 7.1x10°

A,B = thermal treatments at 55 C/0.5hr and 55 C/1hr.
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Table 3. Effect of physical treatments on Total Fungal Counts in cumin during storage at room

temperature (25-30 C, 70-75 RH %)

Storage Un- Irradiation doses(kGy) Thermal
period treated . Washing
(week) 3.0 4.0 5.0 10 | 20 A B
Zero 4 ; 3
5.8x10" | 5.6x10 ND ND ND | ND | 5.0x10° | 6.6x10" | 4.2x10°
time
2 5.9x10* | 7.5x10" ND ND ND | ND | 5.6x10° | 6.9x10' 5.2x10?
4 6.1x10* | 5.9x10' ND ND ND | ND | 5.8x10° | 7.0x10' 5.3x10?
6 6.9x10* | 6.0x10"' | 4.7x10' ND ND | ND | 6.0x10° | 7.3x10" | 6.0 x10°
8 75x10° | 6.4x10" | 5.0x10" | 2.9x10' | ND | ND | 6.3x10% | 7.5x10" | 6.4 x10?
10 8.0x10° | 6.7x10" | 5.8x10" | 3.0x10' | ND | ND | 6.5x10° | 7.8 x10' | 6.5x102

A, B = thermal treatments at55 C/0.5hr and 55°C /1hr

Table 4. Effect of different treatments of AF concentration* (ppb)

in black pepper

Treatments B4 B, Gy

1- Untreated samples. 9.53 2.50 2.99

2- Irradiation doses (kGy):

-3.0 9.29 2.41 233

-4.0 8.24 2.34 2.10

-5.0 )

-10.0 8.14 1.97 1.80

-20.0 8.11 1.95 1.86
7.76 1.65 1.81

3- Thermal treatments

- 55C/0.5 hr 7.71 2.16 2.12

-55C/1.0 hr 7.19 2.04 2.0

4- Washing treatments : 7.20 2.28 1.94

Each value express mean of three replicates.*
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Table 5. Effect of different treatments on AF concentration* (ppb)

in cumin
Treatments B4 B2

1- Untreated samples. 6.58 1.33

2- Irradiation doses (kGy):

-3.0

-4.0

-5.0 6.52 125

-10.0 6.44 1.23

-20.0 6.32 1.22
5.80 1.20
5.64 1.19

3- Thermal treatments

-55C/0.5 hr 5.18 1.05

-55C/M1.0 hr 5.04 1.01

4- Washing treatments:

Each value express mean of three replicates.*

and By, B2 in cumin seeds. Used treatments
slightly decreased the exist of AFs. A noticeable
reduction was clear at high of doses 10 and
20kGy. By calculations (as percentage) from the
initial AF (G;) concentration in black pepper
(2.99ppb), irradiation decreased the concentration
to 1.86 and 1.81 (ppb), as 62.2% and 60.5%, re-
spectively. Whereas, the same doses reduced B
(85.1%, 81.4%) and B2 (78%, 66%) for 10.0 and
20.0 kGy, respectively. The same things were in
cumin for By which decreased to (88.15%, 85.4%),
B2 to (90.2%, 89.5%) from the initial AFs concen-
tration of untreated samples by using 10.0kGy and
20.0kGy, respectively. The regression analysls
proved a linear relationship between irradiation
doses and rate of degradation of AFs. As shown in
Table (6) these results were high significant R%.
The rate of degradation proved that irradiation re-
duced linearly AFs.

Many investigators proved presence of AFs in
black pepper with high levels (Farkas, 1988). Con-
ceming effect of irradiation on AFs ,some workers
showed that no effect can occur in raw irradiated
food (Ito et al 1994) whereas, another studies
proved the possibility of elimination of B4 by irra-
diation at 5.0 kGy (Aziz and Mahrous, 2004).
Although the effectiveness of irradiation varied with

different RH and media during, post irradiation
incubation as proved by some workers (Odamtten
et al 1986 and Hilmy et al 1995).

Regarding with thermal and washing effects on
AF concentration as shown in Tables (4 & 5). The
calculations as reduction effect (%), proved that
used gentle thermal (55°C) either at 0.5 and 1.0 hr
reduced(80.9% and 75.4%) of B4, (78%,86.4%) of
B2 and (70.9%, 66.9%) of G4 in black pepper re-
spectively. Whereas, washing by tap-water then
drying decreased the same AFs to (75.5%, 91.2%
and 64.9%) for By, Bz and Gy respectively. The
same resuits were clear in cumin samples after
thermal treatments for half and one hour had re-
duction for By (78.1%, 76.5%), B2 (78.9%, 75.9%),
respectively. Also, washing reduced same AFs to
B1 (76.1%), and B; (66.2%), respectively.

It is worth to mention that AFs found exist in
tested samples are less than the recommended
levels as 20 ppb (FAO 2002 and FDA, 2002). But,
many countries have established very low maxi-
mum permitted levels of AFs in foods, usually in
the range of 1 to 25 ug/kg (ppb) total AFs (Van
Egmond, 1989). The Codex Committee on Food
Additives and Contaminants of the Codex Alimen-
tarius has the limit for foods in international trade
be set at 15 pg/kg total.
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Table 6. Linear regression analysis of treatments effects on AFs concentrations in

selected spices

Treatments AF Linear equation R
Irradiation:
1- Black pepper B4 y=-0.36x+9.80 0.90
B2 =-0.16x+2.70 0.91
G2 Y=-0.23x+2.90 0.80
2- Cumin. B4 =-0.20x+7.00 0.90
B2 Y=-0.02x+1.30 0.80
Thermal treatments: Thermal treatments:
B Y=-2.30x+11.1 0.80
1- Black pepper B2 Y=-0.30x+2.80 0.91
Gy =-0.50x+3.40 0.84
2- Cumin B4 Y=-2.30x+11.1 0.80
B2 Y=-0.77x+3.08 0.90

*R?= Correlation coefficient

The obtained results proved the preferability of
using high doses as 10.0kGy for decontamination
of spices besides the possibility of decreasing the
concentration of AF to safe levels for human con-
sumption. Also, these results as alarm for take an
adequate processing during post-harvesting as
drying, storage under low moisture content, quality
control by using traceability system to avoid AFs
production.
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