Pure Appl. Biol., 11(4):975-985, December, 2022
http://dx.doi.org/10.19045/bspab.2022.110099

Research Article

Assessment of fungal flora and total
aflatoxins in spices sold at retail outlets of
two districts of Hazara division, KPK,
Pakistan
Muhammad Hamza1, Noor Sehar1, Sadia Alam1*, Muhammad Mumtaz
Khan1, Ambreen Akhtar Saddozai2 and Amer Mumtaz3
1. Department of Microbiology, University of Haripur, KPK, Pakistan
2. National Physical and Standards Laboratory (NPSL) (PCSIR), Islamabad, Pakistan
3. Food Science Research Institute, National Agriculture Research Center, Islamabad, Pakistan
*Corresponding author’s email: sadia.alam2004@gmail.com
Citation
Muhammad Hamza, Noor Sehar, Sadia Alam, Muhammad Mumtaz Khan, Ambreen Akhtar Saddozai and Amer
Mumtaz. Assessment of fungal flora and total aflatoxins in spices sold at retail outlets of two districts of Hazara
division, KPK, Pakistan. Pure and Applied Biology. Vol. 11, Issue 4, pp975-985.
http://dx.doi.org/10.19045/bspab.2022.110099
Received: 06/12/2021
Revised: 24/12/2021
Accepted: 11/03/2022
Online First: 18/04/2022

Abstract
Pakistan belongs to subtropical countries of the world, having harsh weathering conditions.
Hot and humid storage conditions favor fungal growth especially Aspergillus flavus which
produce aflatoxins in food commodities. Aflatoxins are secondary metabolites produced in
cereals and cause mutagenesis, teratogensis, multiple types of cancers and several other
medical complications. To assess the mycological load and aflatoxins concentration in four
types of spices namely; black pepper, red pepper, cinnamon and clove. Three cities of Hazara
region were (Haripur, Havelian, Abbottabad) were selected for the study. Enzyme linked
immune sorbent assay (ELISA) was used to evaluate aflatoxins concentration in spices. Total
26 samples were randomly taken from different markets and shops of spices for the
mycological load and total Aflatoxins concentration. Some of the identified species are able to
produce Aflatoxins, which is highly toxic to animal and human cells. Five fungal species
identified are Aspergillus flavus (17%), Aspergillus niger (53%), Penicillium chyrosgenum
(7%), Fusarium oxysporum (17%), Aspergillus parasiticus (6%). Although the concentration
of Aflatoxins was mainly lower than permissible limit 10 µg/kg but the presences of Aflatoxins
producing fungi is a clear indication that the samples are contaminated by fungi during pre- or
pro- harvesting stage or during storage. Aflatoxins concentration may increase in the spices at
storage from where the samples were taken because the environment is favorable for the growth
of fungi.
Keywords: Aflatoxins; Aspergillus flavus; ELISA; mycological load; Secondary metabolitres
products are preserved under optimal
Introduction
Spices are vegetable products mostly used
storage condition, also some types of spices
for seasoning, flavoring and imparting
have an antimicrobial and antioxidant
aroma in different foods. Cardamom,
characteristic which also enhance the
Vanilla, Cloves and Cumin are some
preservation of food products [2]. There are
example of spices [1]. Spices and its
more than 100 varieties of spices, produced
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throughout the world. Among the seven
continents Asia is listed as the major
producer of spices, especially; cinnamon,
pepper, nutmeg, cloves, and ginger. Basil,
bay leaves, chives coriander, dill tips,
thyme and watercress are mainly produced
in Europe. Pepper, nutmeg, ginger, allspice
and sesame are produced in America [3].
These condiments are important source for
microbial contamination, whenever added
as ingredient in a food product during food
processing [4-7]. Bark, buds, flowers,
fruits, leaves, rhizomes and stigmas are the
key parts from where spices are taken.
Tropical countries are the main spices
production area. Spices are well-known,
based on their special properties used in
several foods processing such as flavoring,
coloring and food preservation and also in
beverages [1]. Global analysis on
production of spices shows that India is
enlisted as the largest producer of spices
86% of total, China produce 4%,
Bangladesh 3%, Pakistan 2%, Turkey 2%,
Nepal 1% and remaining 3% by other
countries. The above data only shows
export of spices from these countries [8]. In
Pakistan, spices are main assets of
agriculture commodity- based industry,
which earned Rs.40 billion, annually [9].
Local markets of Pakistan are dominated by
two types of spices sectors: 1): Branded
spices sector, 2): Un-branded spices sector.
Branded spices sector provides high
quality, standardized and well – packaged
products. Their products are analyzed by
different tests which show the quality of
those products in sense of safety and
security to consumers. National foods,
Mehran foods, Ahmed foods, Shan foods
and some others are the branded spices
sector in Pakistan. On the other hand, unbranded sector, marketed low quality and
unprotected spices that lead to cause serious
complication in consumers among which
stomach ache, gastroenteritis, diarrhea,
rash, nausea, mental retardation, cancer etc.
[10, 11]. Pakistan is enlisted as developing
countries; the people of Pakistan mostly
prefer foods that have low price or cheaper

mean unbranded foods. Most of unbranded
spices are 30% cheaper than branded spices
[11]. High temperature, humidity and high
rates of rain fall are the key characteristics
of tropical climate and these parameters are
important for microbial growth. Fungal
growths are mostly facilitated by these
factors. Microorganisms being widely
distributed in soil, organic matter and water
can easily contaminate the spices [12].
High water content of substrate can also
enhance the fungal contamination which
reduces the quality of product [1]. In case
of products quality, sensory examination
shows, the variation occurs in smell and
taste of product due to fungal
contamination which reduces the market
value of that product.
Fungal
contamination also leads to production of
mycotoxin, which represent the product
unsafe for consumption and become a
hazard to public health [13, 12]. Spice,
herbs and other agriculture products are
mainly exposed to high range of microbial
contamination during pre and postharvesting, processing storage, distribution,
and during its usage [14]. Many industries
especially food industries used spices in
many products. Most of spices are taken
from dry materials, originated from plants.
Xero-philic storage bacteria’s and moulds
are able to contaminate spices [15, 16].
Spices are act as carrier for transmission of
many microbes and lead to contaminate
many food products, although they are used
in food in a limited quantity. Most of fungal
species grow in spices able to produce
mycotoxins [17]. Spices are mostly
contaminated by fungi and other
microorganisms that are in close
association (commensalism) with plants
[18]. Aspergillus and Penicillium are most
common genera that are able to
contaminate spices [19, 17]. Some species
of these genera are able to produces
mycotoxins
such
as;
Aflatoxins,
Ochratoxins, and Sterigmatocystine. These
mycotoxins
cause
mutagenesis,
teratogenesis, and have a carcinogenic
effect in animals and especially human [20,
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21]. Consumption of food contaminated
with
mycotoxins
cause
serious
complications, such as hepatocellular
carcinoma or liver carcinoma and some
other serious diseases. Mycotoxins such as
Aflatoxins,
ochratoxins
A,
and
sterigmatocystin, show resistance to heat
and have ability to accumulate inside
different organs of an organism [22, 23].
When spices are not properly dried and
have high humidity environment are
contaminated by fungi [23]. It was intended
to assess the possible health hazards

associated with aflatoxins consumption in
common food commodities like spices.
Materials and Methods
Sampling
Twenty-six samples of four different spices
were collected randomly from the main
markets of Haripur, Havelian, and
Abbottabad region, Hazara Division, KPK,
Pakistan. Samples (30 g/sample) were
collected in sterilized polyethylene bags
and stored at 4°C until use. The names,
families and the used parts of each spice are
presented in (Table 1).

Table 1. Basic information of the spices samples
S. # English name
Latin name
Family
Cinnamomum
1
Cinnamon
Lauraceae
zaylanicum Blume
2
Black Pepper
Piper nigrum L.
Piperaceae
3
Cloves
Syzygium aromaticum
Myrtaceae
4
Red Pepper
Capsicum annuum
Nightshade

Used part

Urdu name

Stem Bark

Daarcheeni

Dried fruits
Buds
fruit pod

Kaalimirch
Laung
Laalmirch

specially designed for the cultivation of
yeasts and filamentous fungi from food
products. Frequency of each fungal isolate
from food commodities was calculated by
the formula;

Fungal load
To find out fungal load in each spice
commodity, potato dextrose agar (PDA)
was used. Ingredients of media included
Glucose (20.0 g/L), Agar (20.0 g/L), and
Potatoes infusion (200.0 g/L). This media is

Isolation frequency = No of Spices samples with a fungal specie × 100
washing buffer was prepared. Working
washing buffer was prepared from
concentrated wash buffer, by adding 800ml
of de-ionized water to 40ml of concentrated
wash buffer.
Procedure of ELISA
ELISA test kit (elab science aflatoxin kit)
was used to evaluate the concentration of
Aflatoxins. Samples and standards were
labeled (0ppb, 0.02ppb, 0.06ppb, 0.18ppb,
0.54ppb and 1.62ppb) in order (multiple
wells) and kept a record of sample and
standard wells. Standard of Aflatoxins (50
µ/l per well) was poured into first row of the
wells. When the sample was loaded into
each well, in an organized order 50 µ/l of
HRP conjugate was poured into each well.
Then 50 µ/l of antibody working solution
was added and wells were covered with a

Total no of spices samples
After complete processing, cultures were
examined through light microscopy and
colonies morphology. Total five types of
species were identified; there percentages
are shows in (Fig. 1).
Preparation of samples for ELISA
Two grams powdered spice was taken in 50
ml falcon tube. Then methanol (70%) was
added and mixed. 8 ml of N-hexane and
3ml distilled water was also added and
oscillated the tube for 5mins.The tubes
were centrifuged on 4000 rpm for 10 min.
Supernatant layer was removed and 0.5ml
of lower layer wad taken in an eppendorf
tube, same amount of de-ionized water was
also added and mixed. For ELISA, 50 µ/l
sample solutions were prepared. Before
starting the procedure of ELISA, working
977
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sealer. Wells were oscillated for 5 secs and
incubated for 30mins at 25°C. After
incubation period the sealer was removed
and each well was immediately washed
with 250µ/l of working wash buffer. The
same washing protocol was repeated five
times, with interval of 30 sec. The ELISA
plate was inverted on absorbent paper. It
was kept noted that no bubbles should be
formed or remain inside the wells. For
development of color 50 µl of substrate A
mentioned in the kit was added and then
Substrate B, in each well. Plate were
shaken for 5secs and incubated for 15 min
at 25°C. 50 µg of stop solution was added
and mixed thoroughly. Optical density of
each plate was measured by reader. The
ELISA reader was set on wavelength of

450nm, to measure the Optical density of
each well of plate. Then absorbance of
standard and samples was noted and 0ppb
standard was used to measure the percent
absorbance.
Absorbance (%) = A/A0 × 100
Where A is absorbance of standard or
sample and A0 is absorbance of 0ppb.
A standard curve was created by plotting
the absorbance percentage of each standard
different wells on the Y axis against the log
concentration on the X axis. Absorbance
value of each sample was added to the
standard curve to get corresponding
concentration. The concentration calculated
from the standard curve was multiplied by
the dilution factor to get the final
concentration of aflatoxins in spices.

Figure 1. Incubation of wells containing samples and standards treated with HRP
conjugate and antibody working solution
compared to red chilies and black pepper
(Fig. 4). Haripur market analysis for fungal
isolates showed that black pepper
harboured maximum fungal load while
cinnamon contained the least (Fig. 5).
Samples collected from different markets
and shops of Havelian had shown no fungal
growth even after 7-10 days. So it indicated
that samples from these areas were free
from fungal contamination when they were
grown, cultivated and/ or in their storage
condition.

Results
Mycological load
Total five species of fungi were isolated
from four types of spices. The results of
fungal load from Haripur and Abbottabad
are mentioned in (Fig. 2-4). Aspergillus
niger showed maximum prevalence (53%)
while A. parasiticus exhibited minimum
(6%) in overall samples (Fig. 3). It was
noted that cinnamon and clove obtained
from Abbottabad market were heavily
contaminated with fungal strains as
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absorbance which was used to measure the
final concentration of aflatoxins in spices
(Fig. 6).

ELISA results
Standard curve was created from
concentration of standard and percentage of
A

B

C

D

Figure 2. Fungal species on PDA. A): Black colony of Aspergillus niger, B): Yellow colony
of Aspergillus flavus, C): White colony of Penicillium chyrsogenum, D): Pink colony of
Fusarium oxysporum
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Figure 3. Percentage of fungal species isolated from spice from different markets
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Figure 4. Fungal contamination and species isolated from samples taken from
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Figure 5. Fungal contamination and species isolated from samples taken from Haripur
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Figure 6. Standard curve for total concentration of aflatoxins
These results (Table 2) indicate that
samples taken from two different markets
of Havelian contained aflatoxins though no
fungal species was isolated from them
ranging from 0.2401ppb to 1.199ppb. The
highest concentration of aflatoxins
(9.36ppb) was detected in black pepper

sampled from Haripur Market 2. Black
pepper collected from Havelian city Market
1, contained minimum aflatoxins i.e.
0.2401ppb. All four spices collected from
different markets of three cities were
contaminated variably.

Table 2. Concentration of Total Aflatoxins in spices samples
SAMPLE ID
N1 Black
Pepper
N2 Clove
N3 Cinnamon
N4 Red chilies
N5Black
Pepper
N6 Clove
N7 Cinnamon
N8 Red chilies
N9Black
Pepper
N10Clove
N11 Cinnamon

Location/
Market
Havelian,
M1
Havelian,
M1
Havelian,
M1
Havelian,
M1
Havelian,
M2
Havelian,
M2
Havelian,
M2
Havelian,
M2
Abbottabad
M1
Abbottabad
M1
Abbottabad
M1

% Absorbance of
samples (Y)

X (calculated from
the standard curve)

Aflatoxinconc (X
×dilution factor)

70.94

0.04481

0.4481ppb

63.1

0.06948

0.6948ppb

80.21

0.02668

0.2668ppb

59.29

0.08598

0.8598ppb

82.1

0.02401

0.2401ppb

68.56

0.05119

0.5119ppb

53.34

0.1199

1.199ppb

62.65

0.07125

0.7125ppb

68.49

0.0514

0.514ppb

8.66

0.6852

6.852ppb

75.9

0.0339

0.339ppb
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N12Red chilies
N13Black
Pepper
N14Clove
N15 Cinnamon
N16Red chilies
N17Black
Pepper
N18Clove
N19 Cinnamon
N20Red chilies
N21Black
Pepper
N22Clove
N23 Cinnamon
N24 Red
chilies
N25Black
Pepper
N26Clove

Abbottabad
M1
Abbottabad
M2
Abbottabad
M2
Abbottabad
M2
Abbottabad
M2

63.53

0.0678

0.678ppb

7.01

0.6248

6.248ppb

73.39

0.039

0.39ppb

28.65

0.4771

4.771ppb

51.22

0.1362

1.362ppb

Haripur M1

45.59

0.185

1.85ppb

Haripur M1
Haripur M1
Haripur M1

45.4
11.78
27

0.186
0.815
0.5232

1.86ppb
8.15ppb
5.232ppb

Haripur M2

16.6

0.936

9.36ppb

Haripur M2
Haripur M2

5.55
64.06

0.5758
0.0658

5.758ppb
0.658ppb

Haripur M2

15.55

0.9926

9.926ppb

Haripur M3

14.22

0.935

9.35ppb

Haripur M3

79.74

0.0273

0.273ppb

spcies were contaminated by Aspergillus
spp. Most of Aspergillus spp, such as; A.
flavus, A. parasiticus and A. nomius are
able to produce Aflatoxins [28, 29]. Clinical
complications are increased, when food
chain is contaminated with aflatoxins.
Previous studies reported that spices are
mostly contaminated by Aspergillus sp.
Aspergillus niger and Aspergillus flavus are
detected as contaminant in Indian and
Egyptian spices [30-32]. Powder of red
chili is mostly contaminated with
Penicillum and Fusarium. Some of toxic
metabolites like; Ochratoxins and Citrinin
are produced by Penecillium spp and
fumonisins are produced by strains of
Fusarium [32]. Species of Penicilium and
Cladosporium were isolated from spices
(red chili, etc.) and medicinal plant [33].
Metabolites of Penicilium, such as;
Ochratoxins A, is also been isolated from
red chili [28]. Red chili and black pepper
are highly contaminated with fungi [34-36].
It has been reported that red chili is the most
contaminated spice after black pepper.
Samples of red chili from Pakistan, shows
high level of Aflatoxins contamination and

Discussion
Spices are contaminated due to deprived
hygienic conditions adopted during
harvesting, processing, transportation, and
storage. Tropical conditions like warm and
humid or partial drying are the ideal
conditions for the fungal contamination and
production of mycotoxins [24]. Spices are
also categorized according to their moisture
content, they are may be low moisture
content spices and high moisture content
spice. The moisture contents are compared
with the standard or recommended
moisture content. Cloves, cardamom and
cinnamon are enlisted as high moisture
content spices and cumin, black pepper,
coriander seeds and red chili are enlisted as
low moisture content spices [25]. The rate
of microbial contamination is reduced by
adaptation of some precautionary and
technical methods like proper packaging,
drying, and storage. Some other properties
including; presence of antimicrobial
characteristics like essential oil reduce
microbial growth [26, 27]. Spices are
mostly contaminated by Aspergillus spp.
Studies show that more than 50 % of all
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another study shows the level aflatoxins is
higher than 4.0 ppb in red chili [35-37].
Currently two aspects are studied: 1)
Fungal Load, 2) concentration of
Aflatoxins, in four different types of spices
namely; Cinnamon, Black Pepper, Cloves,
Red Pepper. These spices are taken from
different markets of Haripur, Havellian,
and Abbottabad. The overall percentage of
fungal species is given as; five fungal
species are identified and isolated, they are;
Aspergillus flavus (17%), Aspergillus niger
(53%), Penicillium chyrosgenum (7%),
Fusarium oxysporum (17%), Aspergillus
parasiticus (6%).The concentration of
aflatoxins is mainly lower than permissible
limit 10 µg/kg [25] but the presences of
aflatoxins producing fungi is a clear
indication
that
the
samples
are
contaminated by fungi during pre- or proharvesting stage or during storage. The
concentration of aflatoxins increases in the
spices at storage from where the samples
were taken because the environment is
favorable for the growth of fungi.
Mycological growth is the clear indication
for the production of mycotoxins if the
storage is continued till consumption by the
consumer.
Conclusion
Present findings suggest that aflatoxin
contaminated spices are sold in markets.
Consumption of such commodities may
play a role to the develop cancers and other
life threatening complications. However,
findings may have showed no direct
evidence of harmful effects, because
concentrations of aflatoxins were low in
quantity. But potential toxigenic fungi
presence exhibits the potential threat. It is
necessary to have a regular check and
continuous assessment of mycotoxins
contamination in food and food products.
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