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Abstract

Spices are important sources of natural flavouring, colouring and antimicrobial agents in food and
medicine. In India, spices are widely produced, consumed and exported across the world. Like many
other agricultural commodities, spices are exposed to a wide range of bacterial contamination during
their harvesting, processing and transportation causing foodborne illnesses. Spices in their desiccated
form offer an environment conducive to the survival of many pathogenic bacteria which becomes
challenging for spice manufacturers to control or mitigate any bacterial contamination. The present
study aimed at the isolation, phenotypic and genotypic identification of bacterial pathogens namely
Salmonella spp., Bacillus cereus, Staphylococcus aureus and Escherichia coli associated with spices
collected in and around Mangaluru, Karnataka. Isolation of bacterial pathogens was performed using
a modified standard FDA BAM methodology. A total of 140 spice samples inclusive of pepper, clove,
cumin, red chillies, turmeric, coriander, clove and fennel in whole and powdered form were screened
for pathogens. No targeted bacterial pathogens were present in the samples collected. It can be inferred
that good agricultural, manufacturing and hygienic practices were maintained in the commercial supply
of spices. The absence of bacteria could also be attributed to the inherent antimicrobial properties
of spices.
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INTRODUCTION

India, the world's largest spice producer,
consumer and exporter, is rightly known as "The
Land of Spices." The Spice Board of India estimates
10.12 million tonnes of spices were produced
in the year 2019-20. Pepper, clove, cinnamon,
cardamom, fenugreek, fennel, cumin, coriander,
turmeric, clove and nutmeg are the most common
spices grown in India. Spices are frequently used
for culinary purposes because of their distinct
flavour and aroma. They are harvested and
marketed in a variety of forms, including fresh,
dried, whole or powdered, fried or roasted. Spices
are also used as medications, in perfume-making
industries, cosmetics, incense, soaps and as
preservatives in a variety of foods and beverages.'?
Thus, spice’s multi-beneficial use has resulted in
growing demand in India and other nations.

Spices are classified as Low Moisture
Foods (LMFs). LMFs have low water activity
(a*), which hinders microbe development, yet
some food-borne pathogens can persist in this
environment.® Microorganisms found in the spices
can, not only survive but also proliferate and
reproduce to infectious levels when exposed to
the nutrient-rich food matrix with higher a* posing
a significant health risk to consumers. Careless
handling of spices during processing leads to
microbial contamination and even environmental
conditions such as dust, warm and humid climate
promote microbial development.* When LMFs
or the food environment gets contaminated,
it becomes difficult to reduce contamination
for manufacturers and consumers. Some of
the reasons include, dry heat increasing the
resistance of various microorganisms compared
to wet heat, microbes having a longer survival
period in LMFs and the process of rehydration
favours the growth of pathogens and spore
germination.*® Dried spices were formerly
assumed to be not inhabitable by foodborne
microorganisms because of their low moisture
and water activity conditions. Nonetheless, in
recent years they are linked with foodborne
outbreaks and recalls due to microbial pathogens
and their testing has found an unacceptably
high occurrence rate. Spore-forming pathogens
such as Clostridium spp. and B. cereus, as well as
non-spore formers like Salmonella spp, E. coli, S.

aureus have been associated with spices resulting
in food-borne diseases.®!° Safety concerns
regarding spice pathogens have now become a
priority. Maintenance of good manufacturing and
hygienic practices during processing is important
to maintain the quality and safety of spices. The
present study aimed to examine pathogenic
microorganisms in common spices used in and
around Mangaluru city, Karnataka, India.

MATERIALS AND METHODS

Sample collection

A total of 140 samples of commercially
available spices including pepper, clove, cumin,
red chillies, turmeric, coriander and fennel in
whole and powdered form (n=10 each of whole
and powdered) were collected from different
supermarkets, sale outlets and local vendors in
and around Mangaluru city, Karnataka.

Sample preparation as per FDA BAM protocols

Twenty-five grams of whole and powdered
spices were weighed and added to 225ml of sterile
Butterfield's phosphate buffer (BPB), blended to
prepare a homogenate. The homogenate was
serially diluted in 9 ml portions of BPB to obtain
decimal dilutions.*

Genotypic and Phenotypic identification of
foodborne pathogens
Isolation of Bacillus cereus

The homogenate (0.1ml) was spread
onto Nutrient agar (NA) and incubated at 37°C
for 24 hours. Culture grown were subjected to
phenotypic identification by preliminary and
biochemical tests. Genotypic identification was
performed using Polymerase Chain Reaction (PCR)
to identify the toxin gene primers hblC and CER
(Table 1) specific to Bacillus cereus.

Isolation of Escherichia coli, Staphylococcus
aureus and Salmonella as per modified FDA BAM
protocols
Isolation of Escherichia coli

A pour plate technique was used, which
involved the addition of 1 ml of the sample dilution
over molten Violet Red Bile Agar (VRBA), solidifying
it and incubating it at 37°C for 24-48 hours. After
incubation, typical purple-red colonies on VRBA
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were inoculated into Brilliant Green Lactose
Broth (BGLB) and incubated at 37°C for 24-48
hours. Positive cultures were streaked onto Eosin
Methylene Blue (EMB) agar for identification.
Phenotypic identification was performed using
preliminary tests, biochemical analysis and
genotypic confirmation of the genus-specific uidA
(Table 1) gene was conducted using PCR.

Isolation of Staphylococcus aureus

Homogenate (1ml) was divided into three
portions (0.3ml, 0.3ml and 0.4 ml) and spread
on Baird parker Agar (BPA). After 24-48 hours
of incubation at 37°C, plates were examined for
characteristic colonies.

Isolation of Salmonella

Twenty-five grams of sample were
added to 225ml of pre-enrichment media-
Tryptic Soy Broth (TSB) at 35°C for 24 hours,
followed by selective enrichment at 42°C using
0.1ml pre-enriched mixture to 10 ml Rappaport-
Vassiliadis Soya (RVS) broth and Tetrathionate Bile
Brilliant Green (TTBBGB) broth. After 24 hours,
incubated broths were streaked onto Xylose Lysine
Deoxycholate (XLD), Bismuth Sulphite (BS) and
Hektoen Enteric (HE) agar incubated at 37°C for
24 hours and observed for typical Salmonella like
colonies.

Crude DNA extraction

Overnight bacterial culture was
centrifuged at 10,000 rpm for 10 minutes.
Reseeded the pellet with 150 pl 1X TE buffer,
heated to 95°C for 10 minutes, flash frozen on ice
for 5 minutes and centrifuged at 10,000 rpm for 3
minutes. The crude DNA containing supernatant
was transferred to a new vial and used as a
template for PCR amplification.

Table 1. Primers used in the study

PCR amplification

PCR amplification was performed using
a programmable thermocycler (Eppendorf
NexusGX2, USA). It was carried out in a 30 ul
reaction mixture containing 22.2 pl of nuclease-
free water, 3 ul of 10X buffer (HiMedia, India),
0.6 pl of dNTPs (10mM/ul) (HiMedia, India), 0.5
ul forward and reverse primers (10 PM/ul),*?*3
0.2 pl of Taq polymerase (5U/ul) (HiMedia, India)
and 2 pl of DNA template. The PCR products
after amplification were resolved using gel
electrophoresis (2% agarose gel), stained with
ethidium bromide (0.5 pg/ml) were visualized
under ultraviolet light using a gel documentation
system (Bio-Rad, CA, USA).

RESULTS

Isolation of Bacillus cereus

Greyish-white, irregular, granular colonies
were detected and verified by gram staining and
endospore staining. Gram-positive bacilli were
found in 99 (70%) of the 140 spice samples tested.
Endospore staining showed the presence of spore,
followed by the catalase test being positive for
all 99 samples. A total of 52 whole samples and
47 powdered samples showed the presence of
gram-positive bacilli (Table 2). However, PCR
amplification using toxin genes (hb/C & CER)
specific primers for B. cereus showed negative
amplification for all samples tested.

Isolation of Escherichia coli

In a total of 140 samples, 43 (30.71%)
samples had typical coliform colonies on VRBA.
24 (17.14%) samples were confirmed as coliforms
by gas production in BGLB broth after 48h
incubation. A total of 10 whole samples and 14
powdered samples were confirmed to harbour

Gene  Sequences (5'- 3") Annealing Product Ref.

target temp. size (bp)

UidA AAAACGGCAAGAAAAAGCAG 63°C 146 12
ACGCGTGGTTACAGTCTTGCG

hbIC CGCAACGACAAATCAATGAA 54°C 421 13
ATTGCTTCACGAGCTGCTTT

CER GCGTACCAAATCACCCGTTC 54°C 546 13
TGCAGGTGGCACACTTGTTA
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coliforms (Table 3). However, none of the samples
showed the presence of E. coli as characterised by
biochemical and molecular techniques.

Isolation of Salmonella and Staphylococcus
aureus

No typical colonies of Salmonella (XLD, BS
and HE Agar) or Staphylococcus aureus (BPA) were
observed on the respective selective agar plates.

DISCUSSION

Food that is safe and nutritious is
essential for living a better life and promoting
good health. More than 200 ilinesses, ranging from
diarrhea to cancer are caused by contaminated
food. According to WHO, food contamination
causes 600 million instances of foodborne illnesses
and 4,20,000 deaths globally each year.’* Spices
are becoming more common in cuisines, with
the substantial intake of spices in the worldwide
human diet both for flavour and their therapeutic
benefits. Itis thus, necessary to inspect food safety
aspects regarding spice consumption. The current
study aimed to identify pathogenic bacteria from
common spices used in Mangaluru, India.

E. coli,acommensal organism is the most
common coliform bacteria that are associated
with spices.>*® Contamination of coliforms in
spices indicates poor sanitary or careless handling
practices by spice handlers, improper facility
design, the use of non-potable water during
processing, mix-ups and cross contaminations,
all of which results in opportunistic illnesses. In
the present study, though E. coli was absent in

Table 2. Qualitative analysis for isolation of gram-
positive bacilli

No. Sample No. of Whole No. of Powdered
type samples (n=10)  samples (n=10)
showed positive  showed positive
for gram positive for gram positive
bacilli bacilli
1. Pepper 6 9
2. Coriander 10 10
3. Turmeric 7 8
4. Chilli 6 6
5. Cumin 10 10
6. Fennel 8 9
7.  Clove 0 0

all the spice samples, 24 (17.14 %) of the 140
samples tested positive for total coliforms. The
total coliform presence in powdered samples
was higher than in whole samples regardless of
whether the spices were industrially packed or
loosely sold in temporary packets. Unlike other
studies conducted in India, Ethiopia and Lebanon,
where non-packaged spices had greater microbial
burdens than packaged goods.”!*? This might be
due to various factors; unlike powdered forms,
bacteria if present in whole samples might not
be homogeneously distributed or due to a lack
of GMP and HACCP practices during collection,
processing or manufacturing. Employment of
unapproved chemical additives and adulterantsin
spices cause contamination which might interfere
with the purity of spices. A study by Karam et
al. observed that locally packaged spices in
companies with Food Safety Management Systems
(FSMS) had lesser microbial load than those locally
packaged in companies without FSMS.*
Salmonella, a non-coliform pathogen is
a leading cause of acute gastroenteritis and was
absent in all samples screened in the present
study. Similar results were observed by Karam
L et al.’ and Bedada et al. studies.? Globally,
many recent studies reported the occurrence of
Salmonella, a bacteria of particular public health
concern.'®?22 A study investigated that imported

Table 3. Qualitative analysis for isolation of total
coliforms

No. of samples
showing typical
colonies on
VRBA

No. Sample type No. of samples
confirmed for
coliforms by

BGLB

Pepper whole
Pepper powder
Coriander whole
. Coriander powder
Turmeric whole
. Turmeric powder
Chilli whole
Chilli powder
Cumin whole
. Cumin powder
11. Fennel whole
12. Fennel powder
13. Clove whole
14. Clove powder
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herbs and spices accounted for 1,677 cases i.e.,
16% of all foodborne ilinesses in the United States
between 1996 and 2014.% Furthermore, the FDA
determined that imported dried spices had a
contamination rate of 6.6% between 2007 and
2009 and also according to the researchers, the
contamination rate has been relatively constant
over the last three decades. Also, they reported
that spices had a 190% higher risk of Salmonella
contamination when compared to other imported
food commodities that are subjected to FDA
regulation.?* Between 1973 and 2010, Van Doren
et al. recorded 14 foodborne disease outbreaks
connected with spices among 10 countries,
resulting in 2 fatalities, 128 hospitalizations
and 1,946 illnesses. Infants and toddlers were
disproportionately affected in these epidemics,
accounting for 36% of all infections. Salmonella
was the major agent responsible for 71% of
outbreaks and 87% of illnesses, whereas Bacillus
spp. was responsible for 29% of outbreaks and
13% of illnesses.”

Spices therefore must endure the
decontamination process to lower the risk
of illnesses and product recalls. The primary
industrial treatments used to lower microbial
burdens in spices are mainly physical methods such
as steam sterilization, irradiation, microwave and
chemical fumigation methods, and each of these
approaches has advantages and disadvantages.
Thermal sterilisation is a widely accepted
decontamination method by consumers. Yet,
essential oils and polyphenols in spices are highly
volatile, heat treatments can have a severe impact
on the colour and flavour of certain spices.?®
According to Nyhan et al. heat treatment is less
successful with low-moisture foods like spices and
powders and irradiation has an impact on sensory
characteristics and fumigation with ethylene oxide
causes cancer.”’

The study also targeted two most common
gram-positive microorganisms often encountered
as food contaminants, namely S. aureus and B.
cereus. S. aureus causes staphylococcal food
poisoning when the bacteria contaminated with
spices gets ingested. The current study found the
absence of S. aureus growth in all the samples
tested, similar to the Demir et.al study which is
encouraging.'® Yet, many studies have reported
the incidence of S. aureus in their studies.”*62028

Bacillus species constitute the most
frequently encountered bacteria in a variety of
spice samples from various geographical origins.”*
B. cereus, a group of mesophilic bacteria was found
to be absent in the present study, even though
gram-positive sporulating bacteria was detected
in 99 (70%) of the spice samples in which the
powdered form showed a higher number when
compared with the whole samples. A recent
study conducted in India reported 89% B. cereus
contamination of the 100 samples tested.?®
Berthold-Pluta et al. identified 63.3% prevalence
rate of B. cereus among nine spices in Poland.*®
In Turkey, B. cereus was isolated in 31.5% of the
203 packaged and loosely sold spice samples.?!
Bacterial spores are major contamination factors
involved with all heat-treated foods; however,
they can sustain food processing treatments.
Studies have proven that B. cereus can withstand
high temperatures of 100°C for about 3.4 to 100
minutes.?** Endospore germination may occur
under favourable conditions such as accessible
water content, pH, ambient temperature and
their intake of food results in food intoxication.®
Traditional spice processing techniques that
may lead to contamination, still appear to be
commonly practised in small farms of major spice-
producing countries. It is consequently essential
to comprehend bacterial spore contamination
associated with spices and also to decrease
potential contamination caused during the
harvesting and post-harvesting process.

Thus, the current study agrees with
most of the other studies that reported B.
cereus, Salmonella, E. coli, and S. aureus in spices
are seemingly rare and in irregular intervals.
Monitoring the microbiological safety and quality
of spices before selling would limit public health
risks, expenses and losses linked with food
spoilage during storage, which eventually extends
the shelf life.?®

Spice antimicrobial compounds are
associated with the inhibition of virulence factor
encoding gene expression, biofilm synthesis,
bacterial migration and adhesion. Among all
the spices analysed, clove was the only spice
sample that showed a complete absence of
any pathogens tested. This can be attributed to
its strong antimicrobial compounds (eugenol)
which hinder the growth of microorganisms and
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exhibits antiseptic, antioxidant and antibacterial
activities.?* The lack of or the low microbial load of
different spices could be attributed to the bioactive
components with antimicrobial properties.®3
According to the Codex Code of Hygienic
Practice (CAC, 1995), any toxin-producing bacteria
in spices should not exceed in quantities that
cause public health risks. Salmonella should be
completely devoid in 25 g of the sample (Codex
Alimentarius Commission, 2014), and the bacterial
count in the same sample should be within limits
of 102 CFU/g for E. coli and 104 CFU/g for B.
cereus (European Commission (EC), 2004).339 In
correlation to this, the present study detected
no pathogenic bacterial contamination of major
concern that may pose a threat to public health.

CONCLUSION

Among the seven spices, food-borne
pathogens like E. coli, Salmonella, B. cereus and
S. aureus, the main bacterial pathogens causing
significant public health burden were found to
be absent in the current study. All the samples
collected which impart post-harvesting methods,
processing and storage conditions were ideal for
the products. These results also convey that the
spice samples were safe for consumption and
can be used for culinary, pharmaceutical and
cosmetic purposes. The presence of coliforms
can be reduced by maintaining good hygienic,
manufacturing and handling practices by following
HACCP principles, aseptic packaging of spices by
using Modified Atmosphere Packaging (MAPs)
techniques or use of irradiation during pre- and
post-packaging, heat treatments, environmental
monitoring by controlling moisture to maintain
the dry storage conditions can lead to improved
purity and quality of spice products in India.
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