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Abstract

Due to poor hygiene and negligence of food safety standards, microbes find their way into the food
supply chain by contaminating food ingredients and causing food-borne illnesses. Turmeric is not
only a widely consumed spice but also a product that undergoes multiple stages of handling, from
cultivation to packaging. These stages expose it to contamination risks, especially by non-pathogenic
bacteria that may carry resistance genes. The study aims to bridge the gap in understanding the
microbial burden in turmeric and the prevalence of AMR in its microbial communities. In this study,
we investigated microbial burden in turmeric samples. Bacteria were isolated from loose and packaged
turmeric samples and characterized for antimicrobial resistance, growth pattern, biochemical properties
and later identified to assess potential risks to food safety. Out of 22 loose samples of turmeric, 82%
had colony forming unit (CFU) >10%, while most of the packed turmeric samples (98%) had CFU <108,
From these samples, 13 distinct non-pathogenic bacteria associated with antimicrobial resistance
(AMR) were isolated, out of which eleven were non-spore-forming bacteria. The bacterial isolates
Stutzerimonas sp., Enterobacter sp., and Pantoea sp. exhibited resistant activity against clindamycin
(macrolide), gentamycin (aminoglycoside), spectinomycin (aminocyclitol) and ampicillin (penicillin) with
optimum growth at 45 °C and positive alkaline phosphatase (ALP) activity. This study clearly suggests
the negligence of food safety standards may result in increased microbial burden, which directly poses
a threat to food safety and shelf life of food commodities.
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INTRODUCTION

Food ingredients such as spices are
processed with various methods and have
protocols to minimize contaminations, which may
be threatening to food safety.! These processes
include harvesting, post-harvesting transportation,
boiling, drying, grinding, packaging, storage, and
shipping and these steps are critical in minimizing
contamination.?? Bacterial contamination of spices
is facilitated by poor sanitation practices of the
processing environment and personnel, such
as inappropriate drying and storage conditions,
such as humidity and temperature. The bacterial
presence raises questions about the quality of food
and may be responsible for food spoilage and the
shelf life of commodities.*® Further antimicrobial
resistance (AMR) in bacteria makes this situation
worse as far as food safety is concerned. When
these antimicrobial resistant bacterial species
enters in food commodities at any step during
food supply chain, a more challenging situation
develops.””®

According to the World Health
Organization, AMR occurs when bacteria, viruses,
fungi, and parasites change over time and no
longer respond to medicines, making infections
harder to treat and increasing the risk of disease
spread, severe illness, and death. Earlier report
found that non-pathogenic bacterial species
such as Lactobacilli, Pediococcus, Leuconostoc,
Enterococcus, Bifidobacterium and others have
gained AMR and these bacteria in the gut face
stress favoring the rescue of adaptive resistance
towards antimicrobials and promote gene transfer
associated to AMR.'3 Study has shown that the
Lactobacillus plantarum M345 (transconjugant)
can transfer AMR gene erm(B) to Enterococcus
faecalis (recipient) through pLFE1 plasmid, a
natural plasmid of transconjugant and suggest
that gut environment is favourable for AMR gene
transfer.’? However, non-pathogenic bacteria
with AMR may operate as a source for the
spread of the AMR gene in pathogenic bacteria,
thereby generating risk to the safety of food
commodities.'**>

The rhizome of Curcuma longa is used for
making turmeric. Post-harvest, several steps are
involved in turmeric processing, which includes
scalding, drying, colouring and grinding. After

boiling for 60-90 minutes, rhizomes are spread
on mats or on the ground and dried in sunlight
for 2 weeks.'® The boiling method can be a source
of contamination by bacterial spores.’” Fouling
enables resistant spores to germinate, and thrive
thereby increasing mesophilic and thermophilic
spore count in the turmeric after this step.
Therefore, the goal of the current study was to
evaluate and examine the microbial load and the
frequency of genes associated with antimicrobial
resistance in the microbial communities of
turmeric. This research aims to offer a basic
understanding of the microbiological risks related
with turmeric, encompassing food contamination
by microorganisms, possible hazards linked to it,
and its evaluation in relation to the present AMR
situation.

MATERIALS AND METHODS

Bacterial isolation and identification from
turmeric samples

Turmeric samples (n =72) were procured
from retail outlets from Lucknow as per Food
Safety and Standards Authority of India (FSSAI)
guidelines. Each turmeric sample whether loose
or packed was purchased from retail shops in
Lucknow city area. Packed samples of pack size
50 gm or more was purchased and 50 gm of loose
samples were purchased. Samples were kept in
plastic bags or vials and stored in dark at room
temperature. Homogenized samples (1 gm) were
mixed to sterile Phosphate Buffer Saline (PBS)
and serially diluted in PBS and were spread on
nutrient agar plates. Plates were kept at 37 +2 °C
forincubation. The total CFU/gram of each sample
was calculated. To check antibiotic resistance
potential of isolated bacteria, 15 antibiotics
belonging to different class and generation were
used, namely amikacin (2.5 mg/ml), ampicillin (100
pg/ml), amoxicillin (50 pug/ml), ceftazidime (130
pg/ml), clindamycin, doxycycline, erythromycin
(5 mg/ml), gentamicin (10 pg/ml), kanamycin (50
pg/ml), nalidixic acid (200 pug/ml), oxytetracycline
(1 pg/ml), piperacillin (300 ug/ml), spectinomycin
(100 pg/ml), tetracycline (15 ug/ml) and tylosin
(0.5 pg/ml). All antibiotics were procured from
HiMedia Laboratories Pvt. Ltd. Bacteria were
inoculated in Luria Bertani medium in presence of
antibiotic in microtiter plates. Plates were kept at
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37 +£2°Candat 300 rpm. Absorbance was recorded
at 600 nm after 24 hours. All antibiotics were
used separately and in triplicates. A total thirteen
phenotypically different bacteria with AMR were
isolated from above samples using microplate
assay, and further identified and characterized for
antibacterial resistance gene.

Identification of bacterial isolates containing AMR
by 16S rDNA sequencing

For identification of bacteria, their
genomic DNA was isolated from bacterial culture
grown for 14-16 hours at 37 + 2 °C at 120 rpm,
using MN NucleoSpin® Soil kit (Macherey Nagel,
Germany). Manufacturer’s instructions were
followed for isolation of genomic DNA. Isolated
DNA was dissolved in 30 pL SE buffer and stored
at -20 °C. 16S rDNA sequence was amplified
using universal 16S rDNA primers (Forward
5’AGAGTTTGATCCTGGCTCAG3’ and Reverse
5’ACGGCTACCTTGTTACGACTT3’). A 50 uL PCR
reaction was set up using following protocol
of initial denaturation at 94 °C for 5 minutes
followed by 35 cycles of 1 min denaturation at
94 °C, annealing at 56 °C for 30 sec and extension
at 72 °Cfor 1 min. After 30 cycles a final extension
of 5 min at 72 °C was done. The PCR product was
then electrophoresed on 1% agarose gel. Bands
were cut and amplified DNA was eluted (using
MN PCR Cleanup kit) for DNA sequencing. After
sequencing the resultant nucleotide sequences
were aligned using nucleotide BLAST tool available
at NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

qPCR analysis for antibiotic resistance genes

To confirm presence of antibiotic gene
in the bacterial isolates quantitative PCR was
performed. A 10 ulL reaction mixture in triplicates
containing 5 pL 2X master-mix (SYBR Green),
0.5 pL of each forward and reverse primer, 1 pL
of total bacterial DNA as a template and 3 pL
nuclease free water (PureGene, Genetix). gPCR
conditions were: initial denaturation at 95 °C
for 10 min followed by PCR stage of 40 cycles at
95 °C for 15 sec and 60 °C for 1 min. Fluorescence
was recorded during annealing and extension stage
at 60 °C. Primers used for detection of antibiotic
resistance gene are listed in Supplementary Table
1. The multiple antibiotic resistance index of every
bacterial isolate was determined by dividing the

number of antibiotics, to which bacteria was found
to be resistant (harboring resistant gene) with total
number of antibiotics tested.®*°

Microbial growth at different temperature and pH

To study the impact of temperature on
the growth, 13 isolated bacteria were inoculated
in LB media separately in four sets, and incubated
at 4 °C, 23 °C, 37 °Cand 45 °C for growth analysis.
Absorption at 600 nm was measured at a regular
interval of one hour till 8 hours. Further, to study
the effect of pH on the growth 3 set of each
isolated bacteria were prepared in LB media at pH
4.5,7.0and 9.0. pH was adjusted using acetic acid
and NaOH. For the growth analysis, OD at 600 nm
was measured at a regular interval of 1 hour till 8
hours.

Alkaline phosphatase assay of bacterial isolates

ALP assay was performed using method
developed by Brickman and Beckwith in 1975
method.? Cells were harvested from bacterial
culture grown at 37 °C for 16-18 hours (with
constant shaking at 150 rpm) by centrifugation at
5000 rpm. Supernatant was discarded and pellet
was washed and resuspended in 1 M TrisCl buffer
(pH 8.0). OD was adjusted to 0.6 at 600 nm. Then to
1 ml of cell suspension, 0.1 ml pNPP (4%) is added
and incubated at 37 °C in dark until a significant
yellow color appears. To stop the reaction 0.1 ml of
1M K,HPO, was added. Absorbance was recorded
at 420 nm and 550 nm and units of phosphatase
was calculated using formula given below.?

oD -1.75 * 0D,

420 nm 550 nm

Activity = 1000 * x Dilution Factor

Time * OD,

600 nm

RESULTS AND DISCUSSION

Spices are widely used in Indian cuisine.
Turmeric is one such spice that finds its use
in almost every Indian household. Turmeric
powder can become contaminated with bacteria
at several points during the manufacturing,
handling, and transportation processes. Major
sources include water, which can include
Salmonella and Escherichia coli, if untreated,
and soil, which naturally contains bacteria like
Clostridium and Bacillus. Unhygienic handling and
processing equipment can potentially introduce
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bacteria like Staphylococcus and Listeria, causing
contamination. Poor hygiene practices and human
contact can also transfer pathogens such as E.
coli. Bacterial contamination can also result from
exposure to animals, insects, drying, grinding, and
environmental toxins. Finally, the risk is further
increased by contaminated packaging materials,
cross-contamination, and improper storage
conditions, compromising the safety and quality
of turmeric powder. In the current study we have
checked microbial burden and prevalence of AMR
in turmeric samples.

Identification of bacterial isolates from turmeric
samples

Bacterial isolates from turmeric were
identified through phylogenetic analysis of 16S
rDNA amplified PCR product (Supplementary Figure
1 and Supplementary Table 2). The predominant
bacterial isolates were phylogenetically belonged
to Brachybacterium sp. A2 (98.93%), Stutzerimonas
sp. A3 (99.16%), Enterobacter sp. A4 (98.54%),
Enterobacter sp. A9 (98.61%), Pantoea sp. B1
(96.67%), Pantoea sp. B2 (98.65%), Enterobacter

8x10%+
6x10%-
4x10%+
2X108:

8x107+
6x107+
4x107+
2x107+

8X106-
6x10°
4x10°
2x10¢+

Colony Forming Unit/ gram

sp. B3 (99.05%), Pantoea sp. B4 (85.53%),
Enterobacter sp. B5 (97.4%), Pseudomonas sp.
G21 (98.88%), Bacillus sp. G22 (98.54%), Bacillus
sp. G23 (97.2%), Stutzerimonas sp. G24 (98%)
(Supplementary Figure 2-14). Similar findings in
turmeric and other spices were reported earlier
that the prevalence of 12 different Bacillus species
in 25 samples of turmeric with Bacillus cereus
dominating 60%, followed by B. coagulans (44%)
and B. polymyxa (32%). However, 8%-12% samples
having other Bacillus species such as B. subtilis
and B. licheniformis along with L. sphaericus.?*
Several other researchers also demonstrated high
level of mesophilic bacterial spore contamination
ranging between 6.3 x 10* to 6.3 x 10° spores per
gram?*?* and however, thermophilic spores
were detected upto 1 x 10° spores per gram in
turmeric.?®> Previous studies have also revealed
that AMR was present to different antibiotics
in Enterobacter sp. and other isolates.?®3! The
chemical composition of food ingredients,
processing methods, environmental conditions,
and even variation in handling can all be related
to the broad variability in microbial profiles in

I I 1
PFOVRFOPRLEYVL S
<

%
3
%
%

I
D FIFSED PV SP BRSPS P DGR PP

\ Kl

19 samples

40 samples

Samples number

Figure 1. CFU/gram (total aerobic count) in seventy-two turmeric samples. Each turmeric sample was weighed 1
gm and mixed in sterile PBS and serially diluted. The dilutions were spread on nutrient agar plates and kept at 37
1 2 °C. Colonies were counted and CFU per gram was calculated and graph was plotted using MS-Excel
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different food products. In the current study,
we focused on the prevalence of antimicrobial
resistant bacteria in turmeric. The diversity in
isolated bacteria can be attributed to handling
conditions and several stages of processing of
turmeric.

Antibiotic sensitivity assay and bacterial load in
turmeric samples

The bacterial burden was examined in
term of CFU/gm and it was observed that the
packed turmeric sample (n = 13) had low CFU/
gm which was in the range of 5 x 10°- 8.7 x 10°.
While the majority of spice samples (n = 40) had
the highest CFU ranged from 1.0 x 108- 7.4 x 108
(in loose samples) (Figure 1). It was observed that
loose sample had highest microbial load and about
82% loose sample had >1 x 108 CFU/gm. Contrary
to that, in case of the packed sample only 2% had
CFU >1 x 102 In a related investigation, a team
of researchers assessed the levels of bacterial
contamination in the spices namely, clove (zero),
saffron (zero), ginger (3.9 x 10* CFU), pepper
(1.5 x 10* CFU), turmeric (1.9 x 10° CFU) and
cinnamon (1.99 x 10% CFU).*? The amount of
Bacillus flora in spices was measured by Antai in

Stutzerimonas sp. G24
Bacillus sp. G23
Bacillus sp. G22

Pseudomonas sp. G21

Enterobacter sp. BS
Pantoea sp. B4
Enterobacter sp. B3
Pantoea sp. B2
Pantoea sp. B1
Enterobacter sp. A9
Enterobacter sp. A4
Stutzerimonas sp. A3

Brachybacterium sp. A2

0

0.05 0.1

1988, and the results showed that it ranged from
1.8 x 10* to 1.1 x 108 per gram.® In a different
study, researchers enumerated the microbial
load (up to 6 x 107 per gram) in 36 spices and
correlated the results with the type, age, supplier,
and production process or technique of the
condiment.? In another investigation, researcher
assessed the total bacterial count and bacterial
spore count in Indian turmeric sample up to 9.9
x 10° and 7.9 x 10°, respectively.® A recent study
shows the presence of bacterial contamination in
dairy and non-dairy food products with AMR and
metal tolerance capable of forming biofilms.3¢ The
microbial load in spices can be greatly influenced
by several sources of contamination during
cultivation, processing, and distribution.?” In our
case, the microbial load of the packed samples was
lower than that of the loose samples, indicating
that appropriate storage and exposure to external
conditions may have an impact on the microbial
load.?® This high microbial population frequently
contains bacteria that are resistant to antibiotics,
a condition made worse by exposure to antibiotics
during agricultural techniques and poor sanitation
procedures.***! Turmeric may be contaminated
by microorganisms from a variety of sources,

0.267
0.267
0.267
0.200
0.15 0.2 0.25 0.3

Figure 2. Multiple Antibiotic Resistance (MAR) index values of isolated bacteria from Curcuma longa. The MAR
index was calculated by formula MAR = x/y, where x = number of antibiotics to which bacteria is resistant and y =

number of total antibiotics used
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including contaminated soil, water used during
cultivation, as well as from inappropriate handling
and storage practices, processing, and packing.*?
Also, cross-contamination from workers’ personal
hygiene and equipment might also contribute
to contamination. Further, in order to check
prevalence of antibiotic resistance in predominant
bacterial isolates of turmeric samples, we firstly
screened antibiotic susceptibility and then
antibiotic resistant isolates were further examined
for presence of antibiotic resistant gene. Our
observation suggests that the all-bacterial isolates
were showed resistant against gentamicin except
Enterobacter sp. B3. Additionally, Stutzerimonas sp.
A3, Enterobacter sp. A4 and Pantoea sp. B4 were
found resistant against ampicillin, clindamycin,
and spectinomycin, Brachybacterium sp. A2 was
resistant against clindamycin and spectinomycin,
Enterobacter sp. A9 was resistant against ampicillin

0.8+
a 4°C

0.7+

0.6

0.4
0.20

Absorbance at 600nm

0.15+

Time (in hr)

37°C

Absorbance at 600nm

Time (in hr)

Absorbance at 600nm

Absorbance at 600 nm

while Enterobacter sp. B5 was found resistant
against clindamycin. Enterobacter sp. B3 found
resistant only against clindamycin. The percent
inhibition was calculated as compared to control
(Supplementary Table 3). A qPCR for resistance
gene was done to corroborate the outcomes
of antibiotic susceptibility test. Ampicillin,
clindamycin, gentamicin and spectinomycin
resistance genes were amplified in bacterial
isolates by qPCR. The gPCR results were consistent
with the results of antibiotic susceptibility
assay (Table and Supplementary Table 3). The
gPCR results confirm the presence of antibiotic
resistance gene in conferring the antibiotic
resistance in the isolates. The MAR index value
reached up to 0.267 (Figure 2). Higher MAR index
values indicates increased multiple antibiotic
resistance against tested antibiotics.*! In recent
studies, it was shown that the non-pathogens

0.8

b 23°C

‘Time (in hr)

0.84 45°C

Brachybacterium sp. A2
A Stutzerimonas sp.. A3
A Enterobacter sp. A4
¥ Enterobacter sp. A9
- Pantoea sp. B
@ Pantoea sp. B2
£ Enterobacter sp. B3
4 Pantoea sp. B4
S Enterobacter sp. BS
<0 Pseudomonas sp. G21
% Bacillus sp. G22
= Bacillus sp. G23

=+ Stutzerimonas sp. G24

10

Time (in hr)

Figure 3. Growth pattern of 13 isolated bacteria at temperatures (a) 4 °C, (b) 23 °C, (c) 37 °C and (d) 45 °C. Each
bacterium at each temperature was inoculated in triplicates and its absorbance was measured. Mean of individual
three absorbance readings was calculated for each bacterium at every hour to plot the curve. Absorbance was
recorded at 1 hr interval at 600 nm using BioTek UV-Vis spectrophotometer
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with AMR may operate as a source for the
spread of the AMR genes in pathogenic bacteria,
thereby generating risk to the safety of food
commodities.'* These resistant bacteria in food
commodities can easily spread to food supply
chain and may contribute to AMR.11124344

Growth at different temperature and pH
Bacteria isolated were cultured at
different temperature and 45 °C was found to be
most favorable temperature followed by 37 °Cand
23 °C. The calculated generation time also supports

at 600nm

bsorbance at 600nm

Absorbance

most favorable temperature for bacterial isolates
was 45 °C when compared to other temperature
37 °C and 23 °C (Supplementary Table 4). This
is evident by decrease in OD with decrease in
temperature. At 45 °C after 8 hours of incubation
an average of 05-0.6 OD was observed followed
by 0.3-0.4 OD at 37 °C and 23 °C and 0.1 OD at
4 °C (Figure 3) Similarly, neutral pH 7.0
(Figure 4) was found to be most suitable for
bacterial growth followed by pH 9.0 as observed
in Figure 4c. Little or no growth (insignificant) was
observed at acidic pH of 4.5 (Figure 4a). Many

at 600nm

\.,m.m
FHoann ot 4

Time (in lir)

Figure 4. Growth pattern of 13 isolated bacteria at different pH (a) 4.5, (b) 7.0 and (c) 9.0. Each bacterium at each
pH was inoculated in triplicates and its absorbance was measured. Mean of individual three absorbance readings
was calculated for each bacterium at every hour to plot the curve. Absorbance was recorded at 1 hr interval at 600

nm using BioTek UV-Vis spectrophotometer

35
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Enterobacter sp. A4
Enterobacter sp. A9

Pantoea sp. Bl
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Enterobacter sp. B3
Pantoea sp. B4
Enterobacter sp. BS
Pseudomonas sp. G21
Bacillus sp. G22
Bacillus sp. G23
Stutzerimonas sp. G24

Bacterial isolates

Figure 5. ALP activity of 13 isolated bacteria. Cells from overnight bacterial cultures were used after adjusting
OD to 0.6 at 600 nm with tris buffer (pH 8.0). Cell suspensions were then incubated in dark for overnight at 37 °C
after adding 0.1 ml of 4% pNPP to 1 ml cell suspension. Absorbance was recorded on Perkin EImer LAMBDA 365
UV/Vis Spectrophotometer. Graph with error bars was generated using MS-Excel. The error bars denotes the

standard error of mean of three observations
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reasons can be behind bacterial isolates from
turmeric growing at 45 °C. Turmeric is grown in
soil, which is a natural habitat for a variety of
thermoduric bacteria, such as Bacillus and other
bacterial species.* The processing steps for
turmeric, includes washing, drying, and grinding,
often involve high temperatures. However,
thermophilic bacteria can survive these conditions,
if the processes employed, are not thorough
enough to ensure complete sterilization.*® This may
lead to the persistence of thermophilic bacteria
in turmeric despite undergoing heat treatment
processes designed to reduce microbial load.
These thermophilic bacteria can thrive in stored
turmeric if conditions favor their survival, such
as in environments that experience fluctuating
temperatures.¥’

Alkaline phosphatase (ALP) activity of isolated
bacteria

The ALP activity of isolated bacteria
was evaluated, revealing a significant variance
in enzymatic activity across different bacterial
isolates. Notably, all bacterial isolates were tested
positive for ALP with maximum activity reported
in B3 (Enterobacter sp.) and B4 (Pantoea sp.)
with specific activity of 29 and 28 umol/min/
mg respectively. Bacterial isolates Pseudomonas
sp. and Bacillus sp. reported least specific
activity below 10 umol/min/mg. Rest bacterial
isolates (8) exhibited specific activity between
10-20 umol/min/mg (Figure 5). The high ALP
activity in Enterobacter sp. and Pantoea sp. can
be attributed to several factors, including their
metabolic versatility and ability to adapt to
diverse environmental conditions.*® These bacteria
may possess unique genetic and regulatory
mechanisms that enhance ALP production, which
warrants further investigation into their genomic
and proteomic profiles to identify specific genes
and regulatory pathways involved in ALP synthesis
and secretion.**0

CONCLUSION

Food safety measures include
implementing stringent hygiene protocols at

regarding the microbial burden and antimicrobial
resistance (AMR) in turmeric make it clear that our
food safety procedures are facing unprecedented
challenges that necessitate futuristic interventions.
It successfully highlights the role of loose turmeric
samples as hotspots for microbial contamination,
demonstrating the influence of poor handling
and storage practices on microbial load and
resistance profiles. However, the mechanism of
AMR gene dissemination remains unresolved. It
can be anticipated that advances in technology,
processing methods and detection techniques
combined with strict international food safety
regulations will drastically lower food commodity
contamination in the near future, which includes
turmeric and other spices. Real-time detection
of AMR genes and microbial contamination at
different points in the food supply chain will
probably be accomplished through the use of
emerging technology and advanced monitoring
systems. These developments will improve the
precision and speed of microbiological detection
while also facilitating the prompt resolution of
contamination problems, protecting customers’
access to safer food products. A coordinated effort
is needed to combat the spread of resistance genes
throughout food ecosystems, as demonstrated by
the increase in AMR in non-pathogenic bacteria.
The development of novel antimicrobial drugs and
the engineering of CRISPR-Cas systems to precisely
remove AMR genes from bacterial populations
are the next steps. Therefore, it will be essential
to implement sustainable agricultural methods
and uphold high standards of hygiene across the
food processing chain to stop the introduction and
subsequent spread of these resistant microbes. We
can start to see a decrease in foodborne infections
and create a more secure farm-to-fork continuum
in the upcoming decades by finding the answers
to many unanswered questions.

(SUPPLEMENTARY INFORMATION

Supplementary information accompanies this
article at https://doi.org/10.22207/JPAM.19.3.62

Additional file: Additional Table S1-S4 and Figure
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