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Several scientific investigations have revealed that the leaching of metals from packaging material into the packed food is an
unavoidable process. Hence, this study is aimed at investigating the effect of leached heavy metals from food packing materials
on normal human gut flora. We analysed the effect of vanadium, arsenic, cadmium, and mercury present in digested packaging
materials (DPM) on standard strains of Escherichia coli ATCC 25923, Pseudomonas aeruginosa ATCC 27853, Klebsiella
pneumoniae ATCC 70063, and Enterococcus faecalis ATCC 29212. The minimum inhibitory concentration (MIC) of laboratory-
grade heavy metal salts and heavy metals present in DPM was determined by the agar dilution method. For all four bacteria, the
MIC of cadmium and arsenic in the DPM was 7μg/ml and 1.6 μg/ml, respectively. The MIC of mercury in DPM was 1.6 μg/ml
for E. coli, K. pneumoniae, and E. faecalis and 1.4 μg/ml for P. aeruginosa. MIC of vanadium for E. coli, P. aeruginosa, and E.
faecalis was 2.2 μg/ml, and for K. pneumoniae was 2.0 μg/ml. The difference in MICs of heavy metals in DPMs and heavy metal
salts was not statistically significant. MICs were within CODEX-specified permissible levels. Though heavy metals in packaging
material have not shown a deleterious effect on representative human gut flora, there is scope to study their effect on the gut
microbiome. Thus, understanding the risk of heavy metal ingestion through unknown sources and avoiding any possible
ingestion is crucial to preventing chronic diseases.

1. Introduction

Packaging material is any substance or article that will be in
continuous contact with the food and drug. These include
containers such as bottles, cans, boxes, cases, and cartons
and casing materials such as film, foil, metal, paper, cloth,
or wax paper [1]. The major reason for packaging is to offer
protection from foreign materials during transportation and
to maintain the shelf life of the food product. Packaging can
be deceptive and expensive, adding to the inadvertent use of
natural resources and paving the way for the accumulation
of nonbiodegradable waste and pollution [2]. Packaging
material has become one of the most important elements
in the food industry, and various types of additives such as
stabilizers, antioxidants, lubricants, antiblockers, and anti-

static agents are used to improve storage. According to
research, chemicals, phthalates, bisphenols, monomers,
heavy metals, and other toxins can enter food through pack-
aging [3]. In the context of food packaging, the term leach-
ing is defined as the migration of particles from the surface
of the packaging material to the food/drug [4].

Heavy metals may be present in the core packaging
material due to its manufacturing process or in the food
dispensed or unintentionally added at a specific step of the
production of food or food packages [5–8]. Although there
are quality evaluations and testing of packaging material
before the food is released into the market, there is a paucity
of studies undertaken to analyse the leaching of toxic metals
into a particular type of food and medication and their
impact on human health [9]. The Codex Alimentarius
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Commission (CAC), established by the Food and Agricul-
ture Organization (FAO) of the United Nations in 1961,
has set goals along with the World Health Organization
(WHO) to safeguard the well-being of consumers and verify
fair-minded practices in the food trade [10]. In addition,
standards for specific foods, food labelling, hygiene, addi-
tives, insecticide residues, and procedures are set for evaluat-
ing the safety of food [11]. According to the regulations, the
maximum permissible limit of vanadium (V) in food is
1.8μg/ml, cadmium (Cd) is 7μg/ml, mercury (Hg) is
1.4μg/ml, and arsenic (As) is 1.6μg/ml [12].

The minimum inhibitory concentration (MIC) is the
lowest concentration of an agent that inhibits the observable
growth of a microorganism after overnight incubation.
Mainly, diagnostic laboratories use MICs to detect antimi-
crobial resistance breakpoints and as a research tool to detect
the in vitro activity of new antimicrobials [13, 14]. A study
by Sood and Sharma demonstrated fourteen different heavy
metals in ten commonly used food packaging materials [15].
The leaching of chemicals such as colourants, adhesives,
metals, and polymers into the packed food has been shown
to have a deleterious effect on the gut flora [16]. Healthy
gut flora is necessary for the overall health of humans [17].
Hence, the present study is aimed at knowing the MIC of
heavy metals present in digests of commonly used packaging
materials for Escherichia coli ATCC 25923, Pseudomonas
aeruginosa ATCC 27853, Klebsiella pneumoniae ATCC
70063, and Enterococcus faecalis ATCC 29212. These strains
were chosen as representative members of the human gut
flora to know whether the heavy metals present in DPM are
harmful to the gut flora and are at CAC permissible levels.

2. Materials and Methods

2.1. Study Setting. The study was done at the Department of
Microbiology, Kasturba Medical College, Mangalore, with
the approval of the institutional ethics committee (ethical
clearance reference number: IEC KMC MLR 04-2021/131).

2.2. Heavy Metal Salts Used and Stock Solution Preparation.
Laboratory-grade heavy metal salts of vanadium (vanadium
pentoxide), arsenic (arsenic trioxide), cadmium (cadmium
acetate), and mercury (mercuric chloride) with purity ranges
of 98.5 to 99.9% were procured from Intelligent Materials,
Pvt. Ltd., Nanoshel Group of Companies, Punjab, India.
Each of these salts of heavy metals was dissolved in sterile
distilled water for the preparation of a 100μg/ml stock
solution. This was sterilized by autoclaving and incorporated
into Luria Bertani (LB) agar procured from Hi Media Labo-
ratories, Thane -400604, Maharashtra, India (Table 1).

2.3. Preparation of Digest of Packaging Material (DPM). Ini-
tially, 13 different types of commonly used food and drug
packaging materials such as aluminium cans, leak-proof
bags, cardboard, tetra packs, cellophane, tissues, sachets,
aluminium bags and boxes, plastic bags and containers,
medicinal blister packets, and medicinal closures (one each
weighing 10 grams) were subjected to microwave-assisted
digestion. Qualitative and quantitative analysis by Induc-

tively Coupled Plasma Optical Emission Spectroscopy
(ICP-OES) (Agilent Technologies, Santa Clara, California,
USA) showed that digests of cardboard, sachet, and medici-
nal closure contained the highest quantity of heavy metals.
Hence, we chose to analyse five samples each of cardboard,
sachet, and medicinal closure. Digestion of 10 grams each
of cardboard, sachet, and medicinal closure was done by
microwave-assisted digestion as per the USEPA 3051 guide-
lines [18]. Briefly, the packaging materials were cut into
small pieces and individually dissolved in concentrated nitric
acid, followed by concentrated hydrochloric acid, in a labo-
ratory microwave unit. The sample with the acids was placed
in a quartz microwave vessel and sealed. Sealed vessels con-
taining medicinal closures, cardboard, and sachets were
heated in the microwave for 120, 90, and 45 minutes, respec-
tively. The vessels were cooled, and the contents were
filtered, centrifuged, and diluted using distilled water. The
pH of the digest was adjusted to 7.4. ICP-OES was used to
quantify the amount of heavy metal present in each of the
DPM. Analytical grade reagents, chemicals (Sigma-Aldrich,
Taufkirchen, Germany), and double-distilled water were
used for the preparation of solutions and dilutions.

2.4. Sterility of the DPM. The digests of cardboard, sachets,
and medicinal closures containing heavy metals were steril-
ized by autoclaving at 121°C for fifteen minutes. The con-
centration of respective heavy metals in the DPMs was
determined by ICP-OES and dissolved in sterile distilled
water to bring the concentration to 100μg/ml. This was used
as a stock solution for preparing the Luria Bertani (LB) agar.
Since the digest of cardboard had 2.7μg/ml of vanadium, it
was dried in a hot air furnace at 80°C to evaporate the solvent
and increase the concentration. The concentrated DPM of
cardboard containing vanadium was dissolved in distilled
water to obtain the stock solution with a concentration of
100μg/ml. These stock solutions of heavy metal digests of
cardboard, sachets, and medicinal closures were used to
study the minimum inhibitory concentration (MIC) on
standard strains of bacteria that represent gut flora.

2.5. Bacterial Cultures and Media. Standard strains of E. coli
ATCC 25923, P. aeruginosa ATCC 27853, K. pneumoniae
ATCC 70063, and E. faecalis ATCC 29212 available in the
microbiology department stock culture collection were used
in the study. Luria Bertani (LB) agar was incorporated with
the different concentrations of sterile digest of packaging
material (DPM) and heavy metal salt solution, as shown in
Table 1. LB agar was autoclaved, poured into 10 cm Petri
plates, and allowed to set. These LB agar plates were used
for determining the MIC of heavy metals.

2.6. Controls. Sterile LB agar incorporated with varying
concentrations of heavy metal salt and DPMs was used as
a sterility control (blank). LB agar without heavy metal,
streaked with the standard strain of bacteria, was used as a
growth control (positive control).

2.7. Detection of MIC. LB agar containing varying concentra-
tions of the DPMs with V, Hg, As, and Cd and heavy metal
salt solutions was used to study the MIC. Overnight cultures
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of standard strains of bacteria whose turbidity was adjusted
to 0.5 McFarland standards (1 × 105CFU/mL) were spot
inoculated (2μl) on the LB agar plates containing various
concentrations of DPMs containing heavy metals/heavy
metal salts (Table 1). LB agar plates with various concentra-
tions of heavy metal salt/DPMs, without the bacterial inocu-
lum, were used as sterility controls (blank). LB agar plates
without heavy metal salt and DPMs were inoculated with
different ATCC bacterial strains used as growth control
(positive control). The entire inoculated and control LB agar
plates were incubated at 37°C for 48 hr. Observed for bacte-
rial growth at the end of 24 and 48 hr intervals, and the
results were noted down [19–21]. Pictures of Luria bertani
agar, different concentrations of heavy metal salts, and
DPM are shown in figures S1 to S4 in the supplementary file.

2.8. Statistical Analysis. Experiments were performed in trip-
licate. The mean of the triplicates was taken as a result. Sta-
tistical analysis was done using Microsoft Excel (Version
2308). The mean MIC value of the heavy metal salts was
used as the standard. The mean MIC value of DPM was
compared with the mean MIC of standard heavy metals.
The standard deviation was also calculated. A difference in
MIC with a p value < 0.05 is considered significant.

3. Results and Discussion

3.1. Quantification of Heavy Metals in Packaging Materials.
Qualitative and quantitative analysis of DPMs by ICP-OES
showed that cardboard, sachets, and medicinal closures
had the highest quantity of heavy metals among the 13 pack-

aging materials analysed. The remnants of food/drugs if
present in the packaging material got degraded during heat-
ing (60°C-80°C) for a prolonged period of time, and acid
treatment was used for their digestion process. Digest of
cardboard had 2.7μg/ml of vanadium, sachets had 155μg/
ml of cadmium and 213μg/ml of mercury, and medicinal
closure had 101.41μg/ml of arsenic. These concentrations
of heavy metals in the DPMs were higher than the permissi-
ble levels specified by CAC which is cause for concern. CAC
acceptable values for vanadium are 1.8μg/ml, cadmium
7μg/ml, mercury 1.4μg/ml, and arsenic 1.6μg/ml [12]. Ear-
lier studies have shown the presence of heavy metals in var-
ious packaging materials that are the mainstay of the
modern food industry [15, 16]. Even the present study has
detected vanadium, arsenic, cadmium, and mercury in the
digests of cardboard, sachets, and medicinal closures. The
study by Yousi et al. reports that many food packaging mate-
rials contain vanadium, mercury, arsenic, and cadmium that
leach out at low levels and are known to cause diarrhoea,
nausea, and vomiting [22]. However, they have used the
microbiome of faecal transplant donors, and our study
focuses on four standard strains of bacterial cultures.

3.2. MIC of Heavy Metal Salts and Digests of Cardboard,
Sachets, and Medicinal Closures. As a normal gut flora, E.
coli, K. pneumoniae, E. faecalis, and P. aeruginosa are bene-
ficial for human health [23–25]. Hence, we selected them as
representative gut flora to study the MIC of heavy metals
present in DPM. Using LB agar, we studied the MIC of
heavy metal salts, namely, vanadium pentoxide, arsenic
trioxide, cadmium acetate, and mercuric chloride, whose

Table 1: Luria Bertani agar with different concentrations of digests of packaging material/heavy metal salt solution for the detection of
minimum inhibitory concentration.

Name of heavy metal in the digests of packaging
materials/heavy metal salt solution

Amount of stock solution (100 μg/ml) of
digest/heavy metal salt solution added to

20ml of Luria Bertani agar (μl)

Final concentration of heavy metal in
Luria Bertani agar (μg/ml)

Vanadium/vanadium pentoxide
mercury/mercuric chloride

240 1.2

280 1.4

320 1.6

360 1.8

400 2.0

440 2.2

Arsenic/arsenic trioxide

200 1.0

240 1.2

280 1.4

320 1.6

360 1.8

400 2.0

Cadmium/cadmium acetate

800 6.4

1000 6.6

1200 6.8

1400 7.0

1600 7.2

1800 7.4
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purity ranged from 98.5 to 99.9%, and compared these with
the MICs obtained for V, Cd, Hg, and As in the digests of
cardboard, sachets, and medicinal closures. LB agar plates
with various concentrations of heavy metal salts/DPM with-
out bacterial inoculum were sterile. LB agar plates without
heavy metals inoculated with various ATCC bacterial strains
showed good growth, which indicated that the batch of LB
agar prepared supported the bacterial growth. Table 2
depicts the purity and MIC of heavy metal salts for E. coli
ATCC 25923, P. aeruginosa ATCC 27853, K. pneumoniae
ATCC 70063, and E. faecalis ATCC 29212. This MIC of
heavy metal salt with a purity of 98% to 99% was taken as
a standard to compare the MIC of heavy metals in DPMs
[26–29]. Table 3 shows the yield of heavy metals from
digests of cardboard, sachets, and medicinal closures, the
CAC permissible level of heavy metals in DPMs, and their
MIC for standard strains of bacteria tested.

The CAC permissible limit for vanadium is 1.8μg/ml.
However, the MIC of vanadium from the extract of card-
board for all four standard bacteria tested is higher than
the specified limit, which indicates no risk to the bacteria
tested. The CAC limit for cadmium is 7μg/ml. The MIC of
Cd was 7μg/ml for E. coli, E. faecalis, and K. pneumoniae
and 7.2μg/ml for P. aeruginosa. Since the MIC of cadmium
in the DPMs is within the CAC levels, it may not be harmful
to healthy gut microbiota even if it leaches. The CAC limit
set for mercury is 1.4μg/ml, and the MIC of mercury for
E. coli was found to be 1.6μg/ml, and for E. faecalis, K. pneu-
moniae, and P. aeruginosa, it was 1.4μg/ml. Hence, the CAC
permissible limit for mercury is also considered safe. MIC of
arsenic for E. faecalis was 1.4μg/ml, and for all the other
three bacteria, it was found to be 1.6μg/ml, which is equal
to the CAC limit. Thus, the MIC of four heavy metals pres-
ent in the DPMs was within the CAC permissible levels
(Table 3). Earlier workers have observed the suppression of
growth of these gut microorganisms by concentrations of
heavy metals lower than the CAC permissible level, indicat-
ing a harmful effect of heavy metals on the normal flora [24,
29, 30]. Thus, our findings are contradictory to earlier
findings as their study settings have used animal models, cell
cultures, or human microbiota from transplant donors.

Leached heavy metals may harm the gut microbiota,
which helps to regulate the entire function of the human
gut. The study by Balali-Mood et al. shows that heavy metal
ingestion is harmful to humans and can lead to diseases such
as dysfunctions of the gastrointestinal tract, kidneys, and
immune system, nervous system disorders, skin lesions, vas-
cular injury, birth flaws, and cancer at higher ingestion [30].

We compared the mean MIC of the four heavy metal
salts (98-99% pure) and DPMs (purity: 4.08%-24.60%) to
know whether there is any statistically significant difference
using GraphPad software V.10.0.2 (La Jolla, California,
United States). Only a marginal difference was observed in
the mean MICs, as shown in Tables 2 and 3 which was not
statistically significant (unpaired t test; p = 0 9532 and
paired t test p = 0 1881; p value < 0.05 is significant). How-
ever, concentrations of V, Hg, As, and Cd content in the
packaging materials studied were higher than the CAC
permissible levels and did not have any hazardous effect on

the gut flora tested. However, if leached heavy metal is
ingested with food, it may accumulate in the tissues of ani-
mals and humans. This bioaccumulation may have negative
impacts from heavy metal toxicity on the biota of riverine
habitats [31]. Thus, bioaccumulation can lead to harmful
diseases in humans such as dementia, neurodegenerative
disorders, and neurodevelopmental impacts such as Alzhei-
mer’s and Parkinson’s disease [32]. Hence, there is a need
to avoid heavy metals in packaging materials or use biode-
gradable, environmentally friendly packaging materials.

The limitation of this study is that we did not study the
quantity of metals leached into stored food. Therefore, fur-
ther studies are required to focus on the time of contact of
products with food packaging material and the quantity of
metals leached within the limits of CAC standards. There
is also a need for the study to evaluate the MIC of a wide
range of heavy metals present in food packaging material
on the entire human microbiome and human gut cell lines.

4. Conclusions

The MIC levels of vanadium, cadmium, arsenic, and mer-
cury, when tested on representative gut bacteria, were found
to be within the permitted limits set by regulatory authori-
ties. However, the content of heavy metals in the DPM was
higher than the CAC-permissible levels. As long as they
are not leached into the food, these heavy metals may not
pose an immediate threat to gut microbiota and human
health. Nevertheless, further research is warranted to com-
prehensively understand the long-term effects of these heavy
metals on the gut microbiome of healthy individuals. While
the initial findings are reassuring, it is advisable to exercise
caution when it comes to packaging materials containing
heavy metals, given their well-documented hazards to
human health. As a safer alternative, opting for reusable or
biodegradable packaging materials, such as those made from
leaves, for packing food items is a responsible choice that
aligns with both environmental and health considerations.

Data Availability

All data generated or analysed during this study are included
in this article.

Ethical Approval

The study was approved by the Institutional Ethics Committee
Kasturba Medical College Mangalore (Ref. No.: IEC KMC
MLR04-2021/131).

Consent

Hereby, all the authors approved to transfer of the copyright
to the publisher of the International Journal of Food Science,
if the manuscript is accepted for publication.

Conflicts of Interest

The authors declare that they have no competing interests.

6 International Journal of Food Science



Authors’ Contributions

SM, DB, and RMS conceptualized the study. SM performed
laboratory experiments. SM, DB, PM, and RMS did a formal
analysis of the data. SM and SH prepared the original draft
of the manuscript. RMS, DB, and PM supervised the work
and edited the manuscript. All the authors have read and
approved the final version of the manuscript.

Acknowledgments

The authors thank the Departments of Microbiology and
Biochemistry, Kasturba Medical College, Mangalore,
Manipal Academy of Higher Education, Manipal, for allow-
ing us to conduct the study. The help rendered by the
Department of Chemical Engineering, National Institute of
Technology, Karnataka, Surathkal, to extract heavy metals
from food packaging material is gratefully acknowledged.
The Rotary Club of Dombivili Suncity Part of Rotary District
3142 under Rotary International (Club I.D—84860)
supported this study.

Supplementary Materials

Figure S1: sterile Luria Bertani agar used in the study. Figure
S2: picture of heavy metal stock solution used in the study.
Figure S3: picture of sterile standard heavy metal stock.
Figure S4: LB agar plate with heavy metal showing growth
of standard strains at different concentrations.
(Supplementary Materials)

References

[1] J. Wyrwa and A. Barska, “Innovations in the food packaging
market: active packaging,” European Food Research and Tech-
nology, vol. 243, no. 10, pp. 1681–1692, 2017.

[2] E. Pauer, W. Bernhard, H. Victoria, and T. Manfred, “Asses-
sing the environmental sustainability of food packaging: an
extended life cycle assessment including packaging-related
food losses and waste and circularity assessment,” Sustainabil-
ity, vol. 11, no. 3, p. 925, 2019.

[3] C. Campanale, C. Massarelli, I. Savino, V. Locaputo, and V. F.
Uricchio, “A detailed review study on potential effects of
microplastics and additives of concern on human health,”
International Journal of Environmental Research and Public
Health, vol. 17, no. 4, p. 1212, 2020.

[4] I. S. Bitel, I. A. Levitskii, and N. I. Zayats, “Migration of harm-
ful substances from colored glazes into model media,” Glass
and Ceramics, vol. 64, no. 5-6, pp. 201–205, 2007.

[5] P. Eva, “The environmental impacts of packaging,” Environ-
mentally Conscious Materials and Chemicals Processing,
vol. 9, pp. 237–278, 2007.

[6] T. Tang, M. Zhang, and A. S. Mujumdar, “Intelligent detection
for fresh-cut fruit and vegetable processing: imaging technol-
ogy,” Comprehensive Reviews in Food Science and Food Safety,
vol. 21, pp. 5171–5198, 2022.

[7] D. Jingyun, Y. Zhao, and M. Daeschel, Ensuring Food Safety in
Speciality Foods Production, Oregon State University, 2011.

[8] M. Kutz, Environmentally Conscious Materials and Chemicals
Processing, Wiley & Sons, United Kingdom, 2007.

[9] J. Sahil and M. K. Kataria, “Quality control testing of packag-
ing materials,” Pharmatutor, vol. 1, p. 1609, 2013.

[10] Codex Alimentarius Commission, Report on the General
Standard for Contaminants and Toxins in Food And Feed,
Codex Alimentarius Commission for international food
standards in accordance with Food and Agricultural Orga-
nisations of United Nations and World Health Organisa-
tion, 2019.

[11] Codex Alimentarius Commission, The Codex General Stan-
dard for Food Additive, Codex Alimentarius Commission,
joint FAO-WHO food standards programme, Rome, Italy,
2009.

[12] World Health Organization and Food and Agriculture Organi-
zation of the United Nations & Price, Sue, Codex and the
SDGs: How Participation in Codex Alimentarius Supports the
2030 Agenda for Sustainable Development, World Health
Organization, 2020.

[13] B. Kowalska-Krochmal and R. Dudek-Wicher, “The mini-
mum inhibitory concentration of antibiotics: methods, inter-
pretation, clinical relevance,” Pathogens, vol. 10, no. 2,
p. 165, 2021.

[14] A. K. Chhetry, S. Dhakal, L. Chaudhary et al., “Study of anti-
bacterial activity of root bark, leaves, and pericarp extracts of
Diploknema butyracea and evaluation of prospective antioxi-
dant activity,” Journal of Tropical Medicine, vol. 2022, Article
ID 6814901, 12 pages, 2022.

[15] S. Sood and C. Sharma, “Levels of selected heavymetals in food
packaging papers and paperboards used in India,” Journal of
Environmental Protection, vol. 10, no. 3, pp. 360–368, 2019.

[16] N. A. Suciu, F. Tiberto, S. Vasileiadis, L. Lamastra, and
M. Trevisan, “Recycled paper-paperboard for food contact
materials: contaminants suspected and migration into foods
and food simulant,” Food Chemistry, vol. 141, no. 4,
pp. 4146–4151, 2013.

[17] S. M. Jandhyala, R. Talukdar, C. Subramanyam, H. Vuyyuru,
M. Sasikala, and D. N. Reddy, “Role of the normal gut micro-
biota,” World Journal of Gastroenterology, vol. 21, no. 29,
pp. 8787–8803, 2015.

[18] L. Maria, M. Celeiro, and T. Dagnac, “Microwave-assisted
extraction of pharmaceuticals, personal care products and
industrial contaminants in the environment,” TrAC Trends
in Analytical Chemistry, vol. 116, pp. 136–150, 2019.

[19] J. G. Collee, T. J. Mackie, J. Thomas, J. E. McCartney, and
E. James, Mackie & McCartney Practical Medical Microbiol-
ogy, Churchill Livingstone, New Delhi, India, 2006.

[20] J. Pandey, B. Y. Hwang, H. K. Lee, and A. Poudel, “Pimarane
diterpenoids from aerial parts of Lycopus lucidus and their
antimicrobial activity,” Evidence-Based Complementary and
Alternative Medicine, vol. 2022, Article ID 5178880, 9 pages,
2022.

[21] R. Bagale, S. Acharya, A. Gupta, P. Chaudhary, G. P.
Chaudhary, and J. Pandey, “Antibacterial and antioxidant
activities of Prinsepia utilis Royle leaf and seed extracts,”
Journal of Tropical Medicine, vol. 2022, Article ID 3898939,
12 pages, 2022.

[22] F. Yousi, C. Kainan, Z. Junnan et al., “Evaluation of the effects
of four media on human intestinal microbiota culture in vitro,”
AMB Express, vol. 9, no. 1, p. 69, 2019.

[23] J. Martinson and S. T. Walk, “Escherichia coli residency in the
gut of healthy human adults,” Eco Sal Plus, vol. 9, no. 1, pp. 3–
20, 2020.

7International Journal of Food Science

https://downloads.hindawi.com/journals/ijfs/2023/3840795.f1.doc


[24] H. Hanchi, W. Mottawea, K. Sebei, and R. Hammami, “The
genus enterococcus: between probiotic potential and safety
concerns-an update,” Frontiers in Microbiology, vol. 9, 2018.

[25] L. Ziwei, N. Martin, K. K. Nørskov et al., “The role of individ-
ual exopolysaccharides in antibiotic tolerance of Pseudomonas
aeruginosa aggregates,” Frontiers in Microbiology, vol. 14,
2023.

[26] J. M. Bell, J. C. Philp, M. S. Kuyukina et al., “Methods evaluat-
ing vanadium tolerance in bacteria isolated from crude oil con-
taminated land,” Journal of Microbiological Methods, vol. 58,
no. 1, pp. 87–100, 2004.

[27] P. Kaushik, N. Rawat, M. Mathur et al., “Arsenic hyper-
tolerance in four microbacterium species isolated from soil
contaminated with textile effluent,” Toxicology International,
vol. 19, no. 2, pp. 188–190, 2012.

[28] K. C. R. Sunil, K. Swati, G. Bhavya et al., “Streptomyces flavo-
macrosporus, a multi-metal tolerant potential bioremediation
candidate isolated from paddy field irrigated with industrial
effluents,” International Journal of Lifesciences, vol. 3, no. 1,
pp. 9–15, 2015.

[29] J. Nadia, “Determination of minimal inhibitory concentration
(MIC) of cadmium for Brevibacillus agri C15 and B. agri C15
Cd R,” Preslia, vol. 93, no. 1, pp. 1–26, 2021.

[30] M. Balali-Mood, K. Naseri, Z. Tahergorabi, M. R. Khazdair,
and M. Sadeghi, “Toxic mechanisms of five heavy metals: mer-
cury, lead, chromium, cadmium, and arsenic,” Frontiers in
Pharmacology, vol. 12, article 643972, 2021.

[31] Y. Yang, H. Ali, E. Khan, and I. Ilahi, “Environmental chemis-
try and ecotoxicology of hazardous heavy metals,” Environ-
mental Persistence, Toxicity, and Bioaccumulation, vol. 2019,
article 6730305, 14 pages, 2019.

[32] S. J. Genuis and K. L. Kelln, “Toxicant exposure and bioaccu-
mulation: a common and potentially reversible cause of cogni-
tive dysfunction and dementia,” Behavioural Neurology,
vol. 2015, Article ID 620143, 10 pages, 2015.

8 International Journal of Food Science


	Evaluation of Minimum Inhibitory Concentration of Heavy Metals Contained in Packaging Material Digest on Prominent Gut Microbiota
	1. Introduction
	2. Materials and Methods
	2.1. Study Setting
	2.2. Heavy Metal Salts Used and Stock Solution Preparation
	2.3. Preparation of Digest of Packaging Material (DPM)
	2.4. Sterility of the DPM
	2.5. Bacterial Cultures and Media
	2.6. Controls
	2.7. Detection of MIC
	2.8. Statistical Analysis

	3. Results and Discussion
	3.1. Quantification of Heavy Metals in Packaging Materials
	3.2. MIC of Heavy Metal Salts and Digests of Cardboard, Sachets, and Medicinal Closures

	4. Conclusions
	Data Availability
	Ethical Approval
	Consent
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials



