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Abstract Mycotoxins are unavoidable contaminants of
food grains, feeds, medicinal herbs, and spices, posing as
health threat to animals and humans. The objective of this
study was to screen medicinal herbs and spices for fungi
and mycotoxin contamination and evaluate their safety.
Sixty-three samples were examined for fungal contamina-
tion and fungal load determined using standard microbio-
logical method. Aflatoxin and citrinin were detected using
thin layer chromatography and high-performance chro-
matography technique. Fifty-eight out of the 63 samples
were contaminated, while five were free from fungal con-
tamination. Analysis revealed that 47 % of the samples had
a fungal load above 1 x 10 cfu/g which is the permissible
limit set by World Health Organization. The samples Me-
sua ferrea-11 and Terminalia chebula-111 had the highest
fungal load, i.e., 5.0 x 10* cfu/g. A total of 187 fungi were
isolated, out of which 28 were toxigenic which included 19
aflatoxin-producing Aspergillus flavus and 9 citrinin-pro-
ducing Penicillium citrinum. The natural contamination
with aflatoxin B; was detected only in one sample, i.e.,
Arachis hypogaea (groundnut) which was present beyond
the permissible limit. Though toxigenic fungi were iso-
lated, mycotoxins were not detected from any of the
medicinal herbs and spices. Medicinal herbs and spices are
susceptible to toxigenic fungi; however, they also possess
intrinsic factors that inhibit mycotoxin contamination. This
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study provides a basis in assessing the degree of fungal and
potential mycotoxin contamination in medicinal herbs and
spices.
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Introduction

Mycotoxins which literally mean “fungus poison” are
secondary metabolites produced by saprophytic fungi, such
as Aspergillus flavus, A. ochraceus, Fusarium moniliforme,
F. graminearum, Penicillium citrinum, P. expansum, etc.
The important mycotoxins causing significant health haz-
ards are aflatoxins, ochratoxin A, citrinin, Fusarium toxins,
patulin, and zearalenone. They are toxic to both animal
species and humans and are reported to be carcinogenic,
hepatotoxic, nephrotoxic, cytotoxic, mutagenic, and
immuno-suppressive (Hussain and Brasel 2001).
Mycotoxins occur as natural and unavoidable contami-
nants on a variety of food commodities posing as potential
health hazard. The occurrence of fungi and mycotoxins in
medicinal herbs has been reported from around the world.
Studies in India showed the natural occurrence of aflatoxin
B,, citrinin, ochratoxin A, and zearalenone in medicinal
plants and herbal drugs, such as Asparagus racemosus,
Cinnamomum zeylanicum, Elettaria cardomomum, Piper
nigrum, Zingiber officinale, etc. (Roy et al. 1988; Chour-
asia 1995; Thirumala-Devi et al. 2001). The incidence of
toxigenic fungi producing aflatoxins, ochratoxin A, and
fumonisin on medicinal herbs was reported from Argentina
(Rizzo et al. 2004). An investigation from South Africa
showed the presence of fumonisin B; in dietary and
medicinal wild plants (Sewram et al. 2006). Bugno et al.
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(2006) had reported the occurrence of aflatoxins-, ochra-
toxin A-, and citrinin- producing Aspergillus and Penicil-
lium in medicinal herbs in Brazil. In Saudi Arabia, the
presence of aflatoxin B; (12-40 pg/kg) in Pimpenella
anisum, P. nigrum, Mentha piperita, and Origamun majo-
rana was reported (Bokhari 2007). A survey in Korea on
spices and processed spice products for aflatoxin contam-
ination showed the presence of aflatoxins at 0.08-4.66 ng/
kg level in samples of red pepper and ginger products (Cho
et al. 2008). Multicontamination of mycotoxins with T-2
toxin, zearalenone, aflatoxins, ochratoxin A, deoxyni-
valenol, citrinin, and fumonisin were detected in 84
medicinal herbs surveyed in Spain (Santos et al. 2009).

In India, the medicinal properties of plants have been
greatly exploited in Ayurveda which is one of the tradi-
tional systems of Indian medicine. Herbs are used as
dietary and health supplements and the demand for
medicinal herbs as an alternative medicine has increased
over the last few years. These herbs are often prone to
fungal and mycotoxin contamination; the efficacy and
safety of medicinal herbs are questionable, and the detailed
reports on the same are still scarce (Calixto 2000; Truck-
sess and Scott 2008). The consumption of medicinal herbs
contaminated with mycotoxins may cause ill effects rather
than improving the well-being of an individual.

The objective of this study was to evaluate the safety of
medicinal herbs and spices by screening for fungal and
mycotoxin contamination. In addition, the fungal load in
the samples was determined, and toxigenic fungi were
identified.

Materials and methods
Sampling

Medicinal herbs and spices were collected from retail
market and herbal farm in polythene bags which were then
brought to the laboratory for testing. The samples obtained
from the herbal farm have been certified by CSIR-NIS-
CAIR-National Institute of Science Communication and
Information Resources, New Delhi. The samples obtained
from the market have been confirmed with the Handbook
on Herbaria in India and Neighboring Countries (Viswa-
nathan et al. 2000).

A total of 63 samples which includes 38 different types
of commonly used herbs, herbal products, spices, and food
materials were analyzed for fungal and mycotoxin con-
tamination. Samples were selected based on the common
usage and regular availability in retail shops. The samples
were recollected after a period of 6 and 12 months based
on their availability and analyzed within a week of col-
lection and then stored in a cold room for future use.
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The moisture content of the samples was checked by
drying at 80 °C in a hot air oven until their weight
remained constant. The total moisture content was then
calculated using the given formula (Nielsen 2010):

Moisture % = (A — B + A) x 100,

where A is the wet weight and B is the dried weight of
samples.

Materials

Culture mediums used were Rose Bengal Chloramphenicol
Agar (RBCA), Potato Dextrose Agar (PDA), and Yeast
Extract Sucrose broth (YES) from HiMedia, India. Thin
layer chromatography plates (TLC Silica gel 60 F,s4) were
procured from Merck (Darmstadt, Germany), aflatoxin mix
(B1, By, Gy, and G,) from Supelco (Bellefonte, PA, USA)
and citrinin from Sigma (St. Louis, MO, USA).

Screening samples for fungal contamination
and enumeration of fungal load

One gram of powdered sample was diluted in 10 ml sterile
0.1 % aqueous peptone. 200 pL of this suspension (dilution
factor 10™") was inoculated onto PDA and RBCA by the
spread plate method (Hocking et al. 2006). Direct plating
was also performed by placing small pieces of unsterilized
samples on the medium without dilution. The plates were
incubated at 28 °C for 2-7 days. The fungal colonies were
counted and the total fungal load was calculated as colony
forming unit (CFU) per gram of the sample. The different
fungal isolates were subcultured on PDA till pure cultures
were obtained. The isolated fungi were identified macro-
scopically and microscopically by their cultural and mor-
phological characteristics. These pure cultures were further
analyzed for toxin production and transferred to PDA slants
for long-term storage.

Screening fungal isolates for mycotoxin producers

The fungal isolates were inoculated into 5 ml of YES broth
and incubated at 28 °C for 7 days. After the incubation
period, the broth was filtered through Whatman paper into
a separating funnel and then extracted with 10 ml chloro-
form. The extract was then evaporated to dryness and
redissolved in 1 ml chloroform (Kumar et al. 2010).
Without further purification, the extracts were detected for
mycotoxin by TLC (Holcomb et al. 1992; Lin et al. 1998).
Ten microliters of the extracts were spotted on a TLC plate
along with mycotoxin standards (aflatoxin By, B,, G;, Gy,
and citrinin) and developed in toluene: ethyl acetate:
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formic acid (6:3:1, v/v/v) solvent system. The character-
istic fluorescence of mycotoxins was visualized under Ultra
Violet (UV) light at 365 nm and confirmed chemically by
spraying 50 % aqueous sulfuric acid. The Rf values of the
standard aflatoxin B, B,, G;, G,, and citrinin were 0.51,
0.47, 0.4, 0.36, and 0.72, respectively, in the solvent system
used. The detection limit of aflatoxin B, was noted as
10 ng/ml. The toxigenic fungal isolates were identified on
the basis of partial DNA sequence analysis at Agharkar
Research Institute, Pune, India.

Screening herbs for mycotoxin contamination

Five grams of the grounded samples were extracted with
20 ml chloroform. The extract was filtered through What-
man paper, evaporated to dryness, and redissolved in 1 ml
chloroform (Hitokoto et al. 1978; Kumar et al. 2010).
Analysis by TLC was performed as described above. The
chloroform extract was evaporated to dryness and redis-
solved in benzene for detection of aflatoxin using high-
performance liquid chromatography (HPLC) (Waters,
Milford, USA). Twenty microliters was injected into the
HPLC sampler and water: actenotrile: methanol (60:20:20
v/v/v) was used as mobile phase at a flow rate of 1 ml/min.
Aflatoxin was detected with UV detector at a wavelength
of 365 nm. The analysis showed the elution of the standard
aflatoxin B, B,, G;, and G, at retention time 9.95, 7.9,
7.19, and 5.77 min, respectively (Supplementary Fig. 1).
The performance analysis of HPLC with standard aflatoxin
B, showed deviation in retention time and peak area within
the acceptable value (<5 %) with a detection limit of 6 ng/
ml in the experimental condition used.

Results
Fungal contamination and fungal load

In this study, the presence of fungi and mycotoxin in
medicinal herbs and spices was examined. The moisture
content of all the samples was below 9 %, which is the
optimum condition for storage. Table 1 shows the samples
that were screened for fungal and mycotoxin contamina-
tion. The results obtained showed that out of the 63 sam-
ples analyzed, 58 were positive for fungal contamination,
while 5 were free from any fungus in the experimental
conditions used. [llicium verum, Plantago ovate, Rheum
emodi, Syzygium aromaticum, and Herbal drug-3 were the
samples that had no fungal contamination. Supplementary
Fig. 2 shows the fungal contamination in various herbal
samples.

The fungal load in the samples were enumerated as
colony forming unit per gram (CFU/g) of sample and given

in Table 1. Nine herbs comprising 14.28 % of the total
samples had the highest fungal contamination (5.0 x 10°
to 5.0 x 10* cfu/g) which includes Asparagus racemosus-
I, Chlorophytum borivilianum-1V, Ficus arnottiana-1V,
Herbal drug-2, Mesua ferrea-I1l, Terminalia belerica-III,
Terminalia chebula-II (Harre badi), Terminalia chebula-
III (Harre badi), and Terminalia chebula-III (Harre choti).
The majority of the herbs (52 %) had a fungal load in the
range of 5.0 x 10% to 5.0 x 10°. Samples that contain the
least fungal load (5.0 x 10! to 3.5 x 10? cfu/g) include
Asparagus racemosus-2, Herbal drug-1, Ficus arnottiana-1
(Fruit), Ficus arnottiana-2 (Fruit), Herbal drug-5, Herbal
drug-7, and Acalypha fruticosa. The result showed that
4531 % of the samples have a fungal load above the
permissible limit of the World Health Organization (WHO
2005). A contamination limit of 1 x 10* cfu/g has been set
by WHO for yeasts and molds in medicinal plants.

Fungal isolates

A total of 187 fungi were isolated from the samples of
medicinal herbs, spices, and food materials (Table 1). The
different genus of the fungi, such as Aspergillus, Penicil-
lium, Mucor, Cladosporium, Fusarium, Alternaria, and
Rhizopus, were identified. Among the various species of
Aspergillus, Aspergillus niger was found to be the most
commonly occurring contaminant and was isolated from 42
(66.66 %) samples. The fungal isolates were further
screened for mycotoxin producers especially for aflatoxins
and citrinin (Supplementary Fig. 3). Twenty-eight fungi
out of 187 isolates were mycotoxin producers which
included 19 aflatoxin B-producing Aspergillus flavus and
9 citrinin-producing Penicillium citrinum. The toxins were
further confirmed by running the extracts spiked with
aflatoxins and citrinin standards on TLC plates and
spraying with aqueous sulphuric acid. The toxigenic
Aspergillus isolates were identified as Aspergillus flavus
Link 1809 similarity with NCBI sequence accession
HQ14704.1, whereas the toxigenic Penicillium isolates
were identified as Penicillium citrinum Sopp 1910 simi-
larity with NCBI sequence accession HQ232482.1.
Toxigenic fungi were isolated from samples that had
low fungal load, such as Sesamum indicum and Herbal
drug-1; while samples that had a high fungal load, such as
Terminalia chebula-4 and Herbal drug-2, had no toxigenic
fungi. Aflatoxin B;-producing A. flavus and citrinin-pro-
ducing P. citrinum were isolated from all the samples of
Glycyrrhiza glabra. A total of 19 fungi were isolated from
the four samples of Chlorophytum borivilianum out of
which three were P. citrinum producing citrinin and one
was A. flavus producing aflatoxin B;. When the bark and
fruit of Ficus arnottiana were screened, the occurrence of
citrinin-producing Penicillium on the bark and the absence
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Table 1 Fungal contamination in medicinal herbs and spices

S

.no. Sample

Part used

Fungal load (cfu/g)

Isolated fungi

Toxigenic fungi

1

Acalypha fruticosa (Chinni)

Acorus calamus (Sweet flag)

Arachis hypogaea (Groundnut)

Asparagus racemosus-1 (Shatawer)

Asparagus racemosus-11 (Shatawer)

Asparagus racemosus-111 (Shatawer)

Asparagus racemosus-IV (Shatawer)

Bergenia ciliate (Winter bergenia)

Brassica juncea (Mustard)

10 Chlorophytum borivilianum-1 (Safed musli)

1

12

1 Chlorophytum borivilianum-11 (Safed musli)

Chlorophytum borivilianum-11I (Safed musli)

Leaves

Root

Seed

Root

Root

Root

Root

Root

Seed
Root

Root

Root

2 x 10?

45 x 10%

275 x 10°

8.5 x 10°

5.0 x 10?

6.0 x 10%

1.65 x 10°

1.15 x 10°

25 x 10°
3.5 x 10°

8.5 x 10%

4.0 x 10%

Aspergillus niger
Aspergillus
Aspergillus
Aspergillus niger
Aspergillus
Cladosporium
Unknown
Aspergillus flavus
Aspergillus niger
Aspergillus flavus
Aspergillus niger
Fusarium
Penicillium citrinum
Aspergillus niger
Unknown
Aspergillus niger
Unknown
Penicillium
Penicillium
Aspergillus niger
Aspergillus
Aspergillus
Penicillium
Unknown
Aspergillus niger
Aspergillus
Aspergillus
Aspergillus flavus
Aspergillus
Penicillium
Aspergillus niger
Aspergillus flavus
Aspergillus
Fusarium
Aspergillus
Cladosporium
Fusarium
Aspergillus
Penicillium citrinum
Penicillium citrinum
Aspergillus
Fusarium
Aspergillus
Penicillium citrinum
Aspergillus
Aspergillus niger
Aspergillus

CIT
CIT
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Table 1 continued

S. no.

Sample

Part used

Fungal load (cfu/g) Isolated fungi

Toxigenic fungi

13

14

15

16

17

18

19

20

21

22

23

24
25

26

27

28

Chlorophytum borivilianum-IV (Safed musli)

Cinnamomum verum (Cinnamon)

Cocus nucifera (Coconut)

Elettaria cardamomum (Cardamom)

Ficus arnottiana-1 (Paras peepal)

Ficus arnottiana-11 (Paras peepal)

Ficus arnottiana-1 (Paras peepal)

Ficus arnottiana-11 (Paras peepal)

Ficus arnottiana-111 (Paras peepal)

Ficus arnottiana-1V (Paras peepal)

Foeniculum vulgare-1 (Fennel)

Foeniculum vulgare-11 (Fennel)
Glycyrrhiza glabra-1 (Mulethi)

Glycyrrhiza glabra-11 (Mulethi)

Glycyrrhiza glabra-111 (Mulethi)

Herbal drug-1

Root

Bark

Fruit

Seed pod

Bark

Bark

Flower

Flower

Flower

Flower

Seed

Seed
Root

Root

Root

Unknown herb mixture

5.65 x 10°

7.0 x 10%

5.0 x 10%

7.5 x 10*

22 x 10°

2.6 x 10°

3.0 x 107

3.5 x 107

5.5 x 10%

104 x 10°

3.5 x 10%

2.0 x 10°
1.75 x 10°

3.2 x 10°

5.0 x 10°

5.0 x 10!

Aspergillus niger
Mucor
Aspergillus niger
Mucor
Penicillium
Aspergillus niger
Mucor

Rhizopus
Aspergillus niger
Penicillium citrinum
Penicillium
Penicillium citrinum
Aspergillus
Aspergillus niger
Mucor
Aspergillus niger
Unknown

Mucor
Aspergillus niger
Penicillium
Unknown
Aspergillus
Aspergillus niger
Mucor
Penicillium
Alternaria
Mucor
Aspergillus
Unknown
Aspergillus
Penicillium
Aspergillus
Cladosporium
Penicillium citrinum
Aspergillus niger
Penicillium
Penicillium
Penicillium
Aspergillus flavus
Alternaria
Penicillium
Aspergillus niger
Aspergillus flavus
Penicillium
Aspergillus
Unknown

Aspergillus flavus

CIT

CIT

AFB,
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Table 1 continued

S. no.

Sample

Part used

Fungal load (cfu/g) Isolated fungi

Toxigenic fungi

29

30

31

32

33

34

35
36

37

38

39

40

41

42

Herbal drug-2

Herbal drug-3

Herbal drug-4

Herbal drug-5

Herbal drug-6

Herbal drug-7

Lllicium verum (Star anise)
Mesua ferrea-1 (Nagkeshar)

Mesua ferrea-11 (Nagkeshar)

Mesua ferrea-111 (Nagkeshar)

Mpyristica fragrans (Mace)

Nimbapatradi churnam

Oroxylum indicum (Indian trumpet)

Phyllanthus emblica-1 (Amla)

Unknown herb mixture

Unknown herb mixture

Unknown herb mixture

Unknown herb mixture

Unknown herb mixture

Unknown herb mixture

Fruit
Flower bud

Flower bud

Flower bud

Seed

Unknown herb mixture

Stem bark

Fruit

1.5 x 10*

ND

3.5 x 107

2.0 x 10?

23 x 10°

2.0 x 10?

ND
7.5 x 10%

5.0 x 10*

2.6 x 10°

6.5 x 10%

8.5 x 10?

1.8 x 10°

6.0 x 107

Aspergillus Niger
Aspergillus
Aspergillus
Aspergillus

ND

Penicillium citrinum

Aspergillus
Aspergillus niger
Mucor
Aspergillus
Aspergillus
Aspergillus
Aspergillus
Aspergillus
Penicillium
Penicillium
ND

Penicillium citrinum

Penicillium
Aspergillus
Aspergillus
Aspergillus flavus
Aspergillus
Aspergillus niger
Aspergillus flavus
Aspergillus flavus
Aspergillus niger
Mucor
Aspergillus flavus
Penicillium
Cladosporium
Aspergillus niger
Mucor
Aspergillus
Aspergillus flavus
Aspergillus
Aspergillus
Aspergillus
Aspergillus
Aspergillus
Aspergillus
Cladosporium
Fusarium
Aspergillus niger
Aspergillus

Cladosporium
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Table 1 continued

S. no.

Sample

Part used

Fungal load (cfu/g) Isolated fungi

Toxigenic fungi

43

44

45
46

47

48
49

50

51
52
53

54

55

56
57
58
59

60
61

62

Phyllanthus emblica-11 (Amla)

Phyllanthus emblica-111 (Amla)

Piper longum (Long pepper)
Piper nigrum (Pepper)

Plantago ovate (Isabgol)

Rheum emodi (Himalayan rubhada)

Sesamum indicum (Sesame seed)

Stevia rebaudiana (Stevia)

Syzygium aromaticum (Clove)
Terminalia belerica-1 (Baheda)

Terminalia belerica-11 (Baheda)

Terminalia belerica-111 (Baheda)

Terminalia chebula-1 (Harre badi)

Terminalia chebula-11 (Harre badi)
Terminalia chebula-111 (Harre badi)
Terminalia chebula-1 (Harre choti)

Terminalia chebula-1I (Harre choti)

Terminalia chebula-111 (Harre choti)

Withania somnifera-1 (Ashwagandha)

Withania somnifera-11 (Ashwagandha)

Fruit

Fruit

Fruit
Fruit

Fruit

Root
Seed

Leaves

Flower bud
Fruit
Fruit

Fruit

Fruit

Fruit
Fruit
Fruit
Fruit

Fruit
Root

Root

9.0 x

1.75 x 10°

4.0 x
1.0 x

ND

ND
7.0 x

3.5 x

ND
2.0 x
2.0 x

2.5 x

3.0 x

8.0 x
5.0 x
4.5 x
8.0 x

5.0 x
2.6 x

3.2 x

10?

10?
10?

10?

10°

10°
10°

10°

10*
10%
10?

10*

10°

Aspergillus niger
Cladosporium
Aspergillus
Unknown
Aspergillus niger
Penicillium
Aspergillus
Aspergillus
Cladosporium
Mucor
Aspergillus niger
Cladosporium
ND

ND

Aspergillus niger
Aspergillus niger
Aspergillus flavus
Aspergillus flavus
Aspergillus
Fusarium
Alternaria

ND

Aspergillus niger
Aspergillus niger
Mucor
Aspergillus niger
Aspergillus flavus
Aspergillus flavus
Aspergillus niger
Aspergillus niger
Cladosporium
Penicillium
Aspergillus
Aspergillus flavus
Aspergillus niger
Aspergillus niger
Aspergillus niger
Aspergillus niger
Aspergillus flavus
Aspergillus
Aspergillus niger
Mucor
Aspergillus niger
Aspergillus niger
Aspergillus flavus

Mucor

AFB,
AFB,
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Table 1 continued

S. no. Sample Part used

Fungal load (cfu/g) Isolated fungi Toxigenic fungi

63 Withania somnifera-111 (Ashwagandha) Root

5.5 x 10% Aspergillus niger -
Mucor -
Penicillium -
Unknown -
Cladosporium -

Unknown -

Samples collected at different intervals are represented as I, II, III, and IV

AFB, aflatoxin B, CIT citrinin, ND none detected in the experimental conditions used

of toxigenic fungi on the fruit were found to be consistent
in all the samples collected at different time periods. The
presence of toxigenic A. flavus on Mesua ferrea occurred
consistently when screened again after a period of 6 and
12 months. All the samples of Asparagus racemosus which
is commonly used in herbal drugs were contaminated with
fungi; however, none of the Aspergillus isolates were
toxigenic, and only one P. citrinum was a citrinin producer.

Mycotoxin contamination

About 33 % of the samples analyzed showed the presence
of toxigenic fungi producing aflatoxins and citrinin, which
indicate the potential for the presence of mycotoxins in
herbs. Therefore, the herbs were further screened for nat-
ural contamination with aflatoxins and citrinin. Of the 63
samples analyzed, only one sample was found to be con-
taminated with aflatoxin B;. The HPLC analysis of Arachis
hypogaea (groundnut) sample showed the presence of a
peak at a retention time of 10.06 min which corresponded
with the standard aflatoxin B (Supplementary Fig. 4). The
concentration of aflatoxin B; in groundnut was found to be
2.5 mg/kg, which is beyond the Indian permissible limit,
i.e., 30 pg/kg. This groundnut sample was highly con-
taminated with toxigenic Aspergillus. Though toxigenic
fungi were present in the other samples, mycotoxins were
not detected from any of the herbs and medicinal plants.
The result suggests that the herbs either were free from
mycotoxin contamination or present below the
detectable limit.

Discussion

Mycotoxins have been identified as important toxins
affecting animal species and humans ever since the dis-
covery of aflatoxin B; in 1960. Mycotoxigenic fungi are
ubiquitous in nature and are held responsible for economic
loss by decreasing the crop yield and quality of food. The
presence of fungi and their mycotoxins are reported not
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only in food grains but also in medicinal herbs and pro-
cessed foods. In this study, medicinal herbs and spices
were screened for the presence of fungi and mycotoxin.
Among the various fungal isolates, Aspergillus and Peni-
cillium were the predominant fungi isolated which corre-
sponded with previous reports. Species of Aspergillus,
Penicillium, and Fusarium are the major producers of
mycotoxins, and hence, there occurrence in the samples is
of high significance. Efuntoye (1996) had also reported that
species of the genera Aspergillus, Penicillium, and Fusar-
ium were the most abundant fungi present in medicinal
herbs. Examination of 84 medicinal plants and spices
revealed A. flavus, A. parasiticus, F. oxysporum, and P.
viridicatum as the most commonly occurring contaminant
(Aziz et al. 1998). Other genera, such as Fusarium, Mucor
and Trichoderma, were also reported as dominant fungi
present in medicinal plants and herbal drugs (Efuntoye
1996; Martins et al. 2001). Aspergillus niger has been
reported as a frequent contaminant in medicinal plants
(Efuntoye 1996; Abou-Arab et al. 1999; Bugno et al.
2006). The presence of A. niger on the herbs may or may
not cause any ill effects.

Although Aspergillus, Penicillium, and Fusarium are the
major producers of mycotoxins, not all species are toxi-
genic. As seen from this study, though all the samples of
Phyllanthus emblica were contaminated with several spe-
cies of Aspergillus, Cladosporium, and Penicillium, none
of the isolates were found toxigenic. It was reported that
only 21.9 % of Aspergillus and Penicillium isolates from
herbal drugs were producers of aflatoxins, ochratoxin A,
and citrinin (Bugno et al. 2006). Similarly, Aziz et al.
(1998) had reported that 37 % of Aspergillus isolates from
medicinal plants and spices were aflatoxin producers.

Groundnuts are known to be commonly contaminated
with aflatoxin Bj, and in this study, a high amount of
aflatoxin B; on groundnut sample was detected. It is
interesting to note that none of the medicinal herbs and
spices was positive for the toxins analyzed. The samples
from which toxigenic fungi were isolated also tested neg-
ative for natural mycotoxin contamination. An earlier
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investigation by Abou-Arab et al. (1999) reported the
occurrence of Aspergillus, Penicillium, and Fusarium
species in medicinal plants; however, natural mycotoxin
contamination was absent in all the samples. Another
investigator reported the presence of aflatoxins in spices
but interestingly not in aromatic herb, herb-tea, and
medicinal plant samples (Romagnoli et al. 2007). In con-
formity with the findings of earlier investigators, this study
also suggests that the presence of toxigenic fungi does not
mean mycotoxin contamination in herbs.

Though several toxigenic strains were isolated from the
samples, the herb itself may not be a good substrate for
toxin production. Many fungal strains which produce tox-
ins in synthetic medium were unable to produce toxins in
medicinal plants. The absence of mycotoxins as a natural
contaminant in samples may be due to intrinsic charac-
teristics of herbs such as essential oils which inhibit the
toxin production (Al-Rahmah et al. 2011; Prakash et al.
2011). The herb Withania somnifera has been reported to
possess the ability to inhibit aflatoxin B; synthesis (Kr-
ishnamurthy and Shashikala 2006). In addition, in this
study, aflatoxin-producing Aspergillus flavus was isolated
from this herb; however, aflatoxin B; itself was not
detected. The antioxidant property of several plants, espe-
cially herbs and spices, is detrimental to secondary meta-
bolism and, hence, has the natural potential for inhibiting
mycotoxin. It has been demonstrated that the presence of
active oxygen is favorable for aflatoxin B; production by
Narasaiah et al. (2006). Hence, the antioxidants of several
plants have been extensively studied as anti-fungal and
anti-mycotoxin agents (Gulcin et al. 2012; Mahoney et al.
2010). The powder and essential oil of Cymbopogon
citratus have been shown to inhibit aflatoxin B, and also
preserve the quality of melon seed under storage (Bankole
and Joda 2004). The essential oils of Cinnamomum jense-
nianum (Tian et al. 2011), Ocimum sanctum (Kumar et al.
2010), and Zataria multiflora (Gandomi et al. 2009) were
efficiently used against toxigenic fungi and aflatoxin By,
and their safe use as natural preservative of food has been
implicated. The use of whole spices, such as Syzygium
aromaticum and Cinnamomum verum, has been shown to
inhibit the growth of A. flavus and P. citrinum and their
toxins in culture media and rice grains (Aiko and Mehta
2013a, b). These reports corroborated with the observations
of the present study in which the absence of mycotoxin
could be attributed to the inhibitory property of the herbs
and spices.

As the environmental conditions are conducive for the
fungal growth in tropical region, most of the samples
investigated in this study were heavily contaminated with
toxigenic as well as non-toxigenic fungi. The sample
Asparagus racemosus collected from the herbal farm
showed heavy contamination, while the same sample in

packed form was less contaminated. Thus, suggesting that
proper cleaning and packaging is effective in reducing the
fungal contamination. However, several other herbal
drugs that were packed and sold in the market, such as
Nimbapatradi churnam, Harre badi, Safed museli, Herbal
drug-1, and Herbal drug-4, had high fungal load, and
toxigenic fungi were present in each of them. Though
mycotoxin was not detected from these herbs, the pres-
ence of toxigenic fungi poses a risk of mycotoxin con-
tamination and, thereby, subject humans to potential
health threats.

Conclusion

Medicinal plants and herbs are commonly used in most
households in the form of culinary for flavor and aroma, as
herbal teas or to alleviate illness. This study concludes that
medicinal herbs and spices can be contaminated with
mycotoxins-producing fungi. The results showed that not
only the raw materials but the processed herbs as well are
susceptible to toxigenic fungi. Contamination of these
products with toxigenic fungi poses serious health threats,
since their presence can cause ill effects rather than
improving the quality of life. Proper storage conditions and
quality control at every stage of processing, packaging or
marketing are necessary for the safety of the consumers.
This study provides a basis in assessing the degree of
fungal and potential mycotoxin contamination in medicinal
plants, herbs, and spices, thus providing quality control.
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