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Food Contact Surfaces: Challenges, Legislation and Solutions
Shubham Sharma@>°<, Amit K. Jaiswal (»*®, Brendan Duffy (¢, and Swarna Jaiswal (5>°

2School of Food Science and Environmental Health, College of Sciences and Health, Technological University Dublin,
Dublin, Ireland; *Environmental Sustainability and Health Institute, Technological University Dublin, Dublin, Ireland;
“Centre for Research in Engineering and Surface Technology (CREST), FOCAS Institute, Technological University Dublin,
Dublin, Ireland

ABSTRACT KEYWORDS
Food contact surfaces (FCSs) include all surfaces that may come in contact Food contact surface; food
with the food during production, processing, and packaging. Food proces- industries challenges;

sing industries encounter several challenges due to its microbial interaction contamination; biofilm; eu
with the FCSs, such as cross contamination of pathogenic microorganism or fooglfliegls_latl’ons; Surlface
allergens in food, formation of biofilm, biodeterioration of food contact ;T:::m'“gféﬁgisnamra
surface leads to food with reduced shelf-life and quality. A legal EU frame-

work provides the fundamental postulates for the safety and inertness for all

Food Contact Materials (FCMs). Legislations have an important role in pro-

viding regulatory guidance on the quality assurance systems and verifying

their implementation as a means of regulatory compliance. This review

article is focused on the challenges faced by the food processing industry

with respect to food contact surfaces. Furthermore, relevant regulations

provided by the European framework regarding the food contact materials

are also discussed. Finally, new approaches which stand as the solutions to

these challenges are discussed.

Introduction

Food processing industry comes across many challenges at every step during the whole process, from
the collection of raw material till the serving of the end foodstuft. The pathogenic or deteriorative
microbes could enter the food processing area through several means like the raw material, equipment,
external environment, workers and the in-situ microbial laboratories. Microorganisms had sur-
rounded the whole food industry with the challenges like corrosion of food contact materials
(FCMs), bio deterioration of food contact surface, safety and quality of food such as cross contamina-
tion of food, formation of biofilm, and migration of toxic in the food stuff.

The demand for the antimicrobial material for the food industry application like the modified
FCMs is growing exponentially. Researchers are bound to think of an innovative way to inhibit the
growth of microorganism, while maintaining the freshness, safety and quality of foodstuff. The
bacterial colonization on the surfaces affects the interface of materials and articles adversely.
Transfer of microorganism majorly in the form of biofilms on the FCMs is a chronic source for
infections. These challenges have become more troublesome for the wide range of food industries
including seafood processing, brewing, poultry processing, dairy processing, and meat processing.!"’
Several researches have been performed to expand the understanding of these challenges and to find
a solution to avoid cross contamination of food."" The acidic biofilm leads to the biofouling of the
equipment such as cutting tables,?! tube system,! surfaces**! and conveyor belts.*) It results in the
corrosion, equipment impairment and reduced heat transfer efficiency. Substantial reduction or
elimination of the bacterial attachment and formation of biofilm on the surface of, rigorous strives

CONTACT Amit K. Jaiswal €) amit,jaiswal@TUDublin.ie &) School of Food Science and Environmental Health, College of Sciences
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are made for the fabrication of new surfaces or in improving the potential of the existing anti-
bacterial surfaces.”) To substantially reduce or eliminate bacterial attachment on the aforemen-
tioned surfaces, extensive efforts have recently been made to construct an active-attack antibacterial
surface by incorporating some efficient antibacterial substances, such as metals and their oxide
nanoparticles, nanocomposite particles, organic quaternary ammonium salts (QAS), chitosan, and
others. The use of chemicals as disinfectant may have hazardous health effects. The chlorine reaction
with natural organic matter leads to the development of disinfection by products like haloacetatic
acid, and trihalomethane which could be carcinogenic.”®! Ozone could be corrosive for many
materials if the ozone concentration is above 4 ppm!”’ and its inhalation could be toxic.
Antioxidant compounds such as carotenoids, anthocyanins, polyphenols in fruits and vegetables
may interact with ozone leading to the formation of reactive oxygen species such as hydrogen
peroxide, superoxide in the plant cell.!”!"!

Many other disinfection techniques are used by the food industry such as heat,!"!! hot water,
steam, and surface coatings.”'?! Surface coating with the antibacterial agent are most widely used
technique for the antibacterial surface fabrication.!"®! Several shortcomings of using antibacterial
surface coatings had also been noticed such as the bacteria developed resistance against the anti-
bacterial agent.!"*! Also, the antibiotics used as an antibacterial agent take a long time to release from
the surface and the concentration of the antimicrobial agent is insufficient in the maintenance of the
antimicrobial environment on the surface. Therefore, the research now is focused more on developing
an efficient surface coating or on the modification of the surface topography which will not allow the
attachment of the bacteria and formation of biofilm."*!

Food industries around the world are progressively using standard quality assurance systems to
improve and maintain the quality and safety of the food. A legal framework provides the fundamental
postulates for the safety and inertness for all FCMs (Regulation (EU) No 10/201 1,119 Regulation (EC)
No 282/2008,!**) Commission Directive 2007/42/EC,*"! Regulation (EC) No 450/2009!'%)). To assure
the quality and safety of food, the quality assurance systems enable the verification and application of
control measures. To ensure safe food they are required at each step in the food production process
and to show compliance with regulatory and customer requirements. Globally various authorities
regulate the legislations for food, food contact materials and its potential to transfer the chemical
substances from food contact material to food such as European Commission for Europe, Food and
Drug Administration (FDA) for the United States of America, Canadian Food and Drug Regulations
(FDR) for Canada and others. Legislations have an important role in providing regulatory guidance on
the most appropriate quality assurance systems and verifying/auditing their implementation as
a means of regulatory compliance."”!

This review focusses on the major challenges faced by food industry such as microbial contamina-
tion from food contact material (FCMs), formation of biofilm on FCMs, biodeterioration of material.
European legislations ensuring the inertness of FCMs like plastics, regenerative cellulose film, cera-
mics, active and intelligent material and nano compounds in FCMs are also considered. Also, novel
approaches to prohibit the microbial growth on FCMs are discussed.

[11]

Microbial interaction with FCMs: major challenges
Microbially influenced corrosion of FCMs

Microbially influenced corrosion (MIC) is the corrosion of metal or an alloy, which is caused due to
the activity of microbes. Superimposition of microbial force leads to the corrosion of the material
surface. Microbes are omnipresent and can grow and reproduce at a very high rate in a suitable
environment. They also exhibit high tolerance to the aggressive environment such as alkaline and
acidic pH, high and low temperature and the pressure gradient. Hostile environment is caused by the
microbes, stimulating direct and indirect corrosion. An association of microbes forming a biofilm may
lead to the formation of a hostile substance like acids, and the variable nature of biofilm could form
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areas with divergent oxygen contents on the latent surface. For instance, sulphur and ferrous iron-
oxidising bacteria like Acidithiobacillus thiooxidans and A. ferrooxidans are acidophilic and aerobic
promoting oxidation of sulphur and sulphides.'*”’

2H28 + 202 — HzSzOg + Hzo
5Na28203 + 802 + Hzo — 5Nast4 + HzSO4 + 4S8
48 + 602 + 4H20 — 4H2$O4

Ft S FlT 4+ e

Acidithiobacillus bacteria can survive over a pH range from the conditions of acidic to alkaline. For the
better understanding of the corrosion mechanism, it is important to understand the role of the bacteria
in the process of microbial corrosion, their growth characteristics and the metabolic reactions. By
hydrogenase catalyzed mechanisms, sulfate reducing bacterial strains could accelerates the corrosion
by using the cathodic hydrogen and initiating the development of ferrous sulphides. Sulfate reducing
bacterial strains could obtain energy by iron through electron via pathway intracellular hydrogenase-
mediated electron transfer system and membrane-associated cytochrome.?") Fig. 1 shows a tinplate oil
can before and after corrosion during transportation. Dong et al.*?! had studied the stainless steel
which has excellent corrosion resistance property was also prone to MIC in due to the acidic
environment developed by A. caldus SM-1 at room temperature. The biofilm of A. caldus SM-1
secreted sulfuric acid and hydrogen sulfide (pH below 2) which led to the destruction of the passive
film on the stainless steel. ”>) Purwasena et al.'®! had observed that biosurfactant could be a good anti-
corrosion agent as biosurfactant inhibited the attachment of Pseudomonas sp. 1 and Pseudomonas sp. 2
to carbon steel surface at room temperature and also able to eliminate biofilm on steel surface.!*”!

Contamination of microorganism and allergen

Contamination could be defined as the transfer of microorganisms, allergen or any foreign substance
from food, person, or object to another food product.’*”! Contamination is one of the causes of food-
borne illness."*®! It may occur in ready to eat products from the raw food material or between products
that contain allergens (peanut butter, peanut powder, mayonnaise, whole liquid milk, wheat and
cream cheese) and allergen-free products. Allergens could be transferred in the food industry by
various means such as by cleaning the surface contaminated with allergen by a wipe (paper wipe, cloth
or sanitizing wipe) and cleaning other surface with same wipe may lead to the transfer of allergen to
multiple surfaces. The efficiency of the allergen removal treatment or the amount of the transfer of

[24]

Figure 1. Good sample of tinplate oil cans and defective/corrosive sample of tinplate oil cans.
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allergen on the surface depends on the quantity and nature of the allergen present on the surface,
texture of food contact surface, and the type of wipe cloth used.*”!

The leading cause of microbial contamination is the occurrence of contamination in the facilities of
commercial processing via food contact materials such as chopping board, cutters, mixers etc.
Microbial transfer could also occur through various ways such as unhygienic practices followed by
food handlers, unsafe water utilization, poor sanitation and hygiene, cleaning and sterilization of
equipment like conveyor belt, blanchers, wooden surfaces, presses etc.!*®! The event of contamination
could occur at any instance in the environment of food processing, that is, from conferring raw
material to the final shipping.!*” Several means like the raw material, equipment, external environ-
ment, people and the in-situ microbial laboratories are responsible for the entrance of the pathogenic
microbes and also deteriorative microorganisms in the food processing area.?”) Moreover, studies
observed the survival of bacteria, its multiplication and spread through the home kitchens due to the
moisture presence, contaminated dishcloth, utensils, chopping boards etc.”*"’

Raw food may contain pathogenic bacteria that comes in contact with other food products directly
can contaminate it. For instance, survival of the pathogens on the surface of stainless steel and their
transfer on the food contaminating it.®") The residue of food or allergens on the utensils or the
equipment’s due to the improper cleaning and sanitation may provide opportunity for the contam-
ination of the food product.*?! Contaminated packaging material may also lead to the contamination
of ready to eat food. The stafts that do not follow Good Manufacturing Practices (GMPs) may result in
the transferring of the microorganisms and allergens to the food products. For the adequate cleaning
hygiene protocols must be followed. Also, dual functional coating or multifunctional coatings on the
surfaces, surface topography modification, natural antimicrobial disinfectants, active packaging, smart
or intelligent packaging could be used. Sharma et al.**! have incorporated ferulic acid in the poly
(lactide)-poly (butylene adipate-co-terephthalate) composite film. Ferulic acid incorporated active
packaging film had demonstrated S. aureus growth reduction by 3.5 log CFU/ml and E. coli growth
reduction by 2 log CFU/ml.

Formation of biofilms on FCMs

Aggregation and growth of the attached microorganism on any surface are known as the biofilm.
Many factors affect the formation and spreading of the biofilms like the specific bacterial strain,
properties of the material surface, and environmental parameters such as the pH, nutrient content and

Planktonic Biofilm

(5) Detachment and reversion
to planktonic growth, starting a new cycle

(2) Formation of

(1) Attachment to _ monolayer and (3) Microcolony (4) Mature biofilm, with characteristic
surface roduc\:'ion of =" formation, multi-  —» “mushroom” formed of
° matrix layer polysaccharide

Figure 2. Biofilm development stages 3+,
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temperature.'! The starting point of the biofilm formation is the initial interaction of the moving
planktonic bacteria on the surface. This process is reversible as the cells are loosely attached to the
surface. The bacteria start the formation of extracellular polymeric substances (EPS) for the protection
which makes the bacterial attachment firmer and irreversible. The EPS is an extracellular matrix which
consists of extracellular polysaccharides, cell debris, structural proteins and nucleic acids. Formation
of matrix is initially dominated by extracellular DNA; however, at later stage, structural protein and
polysaccharides take over. The microcolonies formation led to significant growth and maturation of
biofilm which forms a complex three-dimensional structure. In the final stage, the biofilm disperses in
the form of single planktonic cells again and possibly starts a new biofilm formation cycle
(Fig. 2).12***3] The cells forming the biofilm are more resistant to any antimicrobial agents as they
develop a barrier which prevents or lessens the contact of the bacterial cell with antimicrobial agents.

Biofilm could be formed by microorganisms such as S. aureus, E. coli, L. monocytogeneses etc. which
are responsible for many infections like diarrhea, nausea etc. In comparison with planktonic cells,
biofilm offers higher resistance against various disinfectant; therefore, they are not detached easily by
normal cleaning process. Biofilms could be a cause of contamination between the surface and the food.
Shi et al.®” had suggested that the commercial products containing alkaline detergent or acidic
cleaner were not destroying biofilms formed by S. aureus and P. aeruginosa on the surface of stainless
steel.l’”] Quaternary-ammonium-compounds (QAC), commonly used in disinfectants is also ineffi-
cient in destroying the biofilm of L. monocytogenes.*®!

The initial attachment of the bacteria could be either passive or active. The adhesion of the cell
depends on the physiochemical properties of the bacterial cell surface. A study by Kocot and
Olszewska!®”! revealed that at short contact times (1-2 hrs) L. monocytogenes strains at room
temperature persisted and enhanced the adherence, stimulating their growth and may initiate the
persistent contamination of the food processing facility.*®! A study also states that L. monocytogenes
have high chances in the attachment and formation of biofilm in the food processing facility and can
be significantly influenced by external factors like temperature, moisture etc. which may modify
surface hydrophobicity of the cell.”! It has been observed that with the increase in temperature
from 4°C, 12°C, 22°C to 37°C, the cell surface hydrophobicity increases from 10.5% to 34.1%.

Numerous studies showed that the biofilm formation is independent of the type of food contact
surface!*"*>*#4] a5 discussed in Table 1. Dourou et al.™*!! had studied the adherence and formation of
biofilm on and high-density polyethylene surfaces (HDPE) and stainless-steel surfaces. E. coli biofilm
attachment was observed at the beef fabrication temperature (15°C) as well as at cold storage
temperature (4°C).*Y Corcoran et al.*?! had studied early (48 h) and mature (168 h) Salmonella
biofilm against sodium hydroxide, sodium hypochlorite and benzalkonium chloride at 37°C. In their
study all disinfecting agents had demonstrated reduction in the Salmonella viable cell count; however,
none of the tested compounds eradicated mature biofilm!*?! (Table 2). Sharma et al. *>**! have studied
the Poly (lactide)-Poly (butylene adipate-co-terephthalate) composite film incorporated with essential
oil (cinnamon oil, thyme oil, eucalyptus oil and clove oil) and observed high E. coli biofilm inhibition.
Clove oil composite film had inhibited E. coli biofilm by 93.43%, whereas cinnamon eucalyptus and
thyme oil composite film exhibited biofilm inhibition by 89.82%, 84.37%, and 82.30%,
respectively.[*>4¢]

Deterioration of the materials and articles

Deterioration is one of the major challenges for the food industry as once the FCMs get deteriorate or
corrode then they are of no use.!®*! The extracellular enzymes released by the microorganism attach to
the surface and start cleaving the polymer chain. This led to the surface erosion of FCM. The eroded
surface becomes more vulnerable to the growth of microorganism on it. To control and maintain the
safety of the food article while confirming that the food is nutritious, available, and convenient is a big
challenge for the food industry. It affects the substances and the materials like wood, paper etc., which
is commonly used in food industry. The deterioration of the polymer surfaces is an interfacial process
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Table 1. Biofilm formation on different surfaces and some solutions for biofilm removal.

Microorganism Surface Treatments/Conditions Results Reference
E. coli High-density ® Static storage conditions at 4 ® Biofilm  attachment was !

polyethylene surfaces and 15°C for up to 168 hrs observed at the beef fabrica-

(HDPE) and stainless- tion temperature (15°C) and

steel surfaces at cold storage temperature

(4°Q)
Vibrio Stainless steel surface, Different temperatures of 4, Strong biofilm formation was 7!
parahaemolyticus shrimps, crabs 10, 15, 20, 25, 30, and 37°C observed at 25— 37°C on food

Salmonella enterica

E. coli

Bacillus subtilis

L. monocytogenes

E. coli

Staphylococcus
aureus

Salmonella spp.

Pseudomonas fragi

Pseudomonas
fluorescens

Stainless steel,
borosilicate glass,
polycarbonate plastic
and concrete

Polylactic acid and
polybutylene
adipate-co-
terephthalate

Stainless steel (SS)

Stainless steel and
polypropylene
surfaces

Polylactic acid and
polybutylene
adipate-co-
terephthalate

Stainless steel, high-
density polyethylene,
polypropylene

Stainless steel, glass
slides and
polyurethane

Polytetrafluoroethylene
(PTFE), stainless steel
1.4404

Stainless steel

Disinfectant (sodium hydro-
xide, sodium hypochlorite,
benzalkonium chloride) was
used.

Clove oil and thyme oil were
used as active agent.

Efficacies of organic acid
(citric, malic, and gallic acids)
treatments at 1% and 2%
were studied

Extracts of grape stems from
red Globe and Carignan were
studied

Cinnamon oil and eucalyptus
oil were used as active anti-
microbial agent

Superheated steam was used

Trisodium  phosphate and
sodium hypochlorite

Enzymatic treatment (con-
taining 1 < 2.5% Subtilisin,

1 < 2.5% a-amylase) and

a non-foaming detergent

Four disinfectant (sodium
hypochlorite, chlorine diox-
ide, acidic electrolyzed water
or slightly acidic electrolyzed
water) were tested

and food contact surfaces
Disinfecting agents reduced
the viable cell count

None of the tested com-
pounds eradicated mature
(168 h) biofilm

E. coli biofilm was grown at
37°C for 72 hrs

Clove oil composite film had
inhibited biofilm by 93.43%
Thyme oil composite film had
inhibited by 82.30%

The biofilm was grown at 37 °
for 24, 48, or 72 hours
Concentration increase of
sanitizers on 24-h biofilm
with 20 min showed higher
reduction

Inhibited the adhesion of
L. monocytogenes on both
surfaces

E. coli biofilm was grown at
37°C for 72 hrs

Cinnamon oil composite film
had shown 89.82% biofilm
inhibition and eucalyptus oil
film inhibited by 84.37%
High-density  polyethylene
and polypropylene needed
15 s of treatment for inacti-
vation while steel requires
only 10's.

Sodium hypochlorite treat-
ments have resulted in coun-
table numbers of cells.

On abiotic surfaces during the
processing of poultry, triso-
dium phosphate has a strong
potential to reduce the for-
mation of biofilms.

Results indicate that bacterial
biofilm is of concern in low
temperature filling units of
milk processing equipment.
For the cleaning of the PTFE-
hose liner in the milk filling
hose, enzymatic treatment
showed good results.

The mature P. fluorescens bio-
film showed certain resis-
tance to all the disinfectants
tested.

Lower dose of acidic electro-
lyzed water was effective and
showed promising results.

[42]

[45]

[48]

[43]

[46]

[49]

[50]

[51]

[52]

(Continued)
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Table 1. (Continued).

Microorganism Surface Treatments/Conditions Results Reference
Listeria Stainless steel and ® Protein solution was prepared ® The protein solution added to 3!
monocytogenes propylene with 5% skimmed milk and the surfaces of propylene and
0.5% Tween 80 in phosphate- stainless steel is not a factor
saline buffer (PBS) that intervenes in cell
adherence.
Salmonella electrolytic copper ® Benzalkonium chloride and ® Electrolytic copper and brass “4
Enteritidis (99.9% Cu), brass sodium hypochlorite have shown promising results
(70% Cu), copper in the prevention of
coated with tin, and Salmonella enteritidis biofilm
stainless steel formation.
Pseudomonas lon exchange ® Quaternary amine groups on ® Used in desalting, concentrat- 4
aeruginosa membranes surfaces ing and modifying products

in seawater desalination,
industrial wastewater treat-
ment, and beverage and food
engineering processes.
Quaternary amine groups on
the surface facilitating the
disruption of bacterial cell
membranes.

The charged groups and the
surface roughness determine
the biofouling propensity of
ion-exchange membranes.

Salmonella spp. Glass with adhered cells ® Liposome-encapsulated thy- ® Antimicrobials were success- ©°
mol and carvacrol fully encapsulated.
® Short-term contact of 1 min

was sufficient to inactivate
glass-adhered Salmonella spp.
and was reduced by 4 log
CFU/cm?

and depends directly on the conditions like pH, moisture, temperature existing at these surfaces.
Microorganisms affect the structure and functions of the polymer surface in various different ways and
make it unacceptable for use physically and chemically. Deterioration can be classified into two parts:
chemical and physical.

In chemical deterioration, the material become spoilt, unsafe, or damaged due to some
biochemical changes and the physical deterioration occurs when the material is physically
damaged or disrupted by the growth or activities of the organisms. The FCM contains some
intentionally added substances (IAS) such as additives, monomers, catalysts, and development
aids are found in food contact and may contain some impurities and active compounds such as
polymers, oligomers, by-products and degradation products which may be referred to as non-
intentionally added substances (NIAS). Sometimes the product or the material may not necessa-
rily be unsafe, but it is unacceptable as the appearance of the material has been compromised.
Formation of biofilm on the food processing equipment’s act as the source of contamination and
material degradation. Tillner & Grob!®*! had studied the compliance for the drinking water
supply pipes and stated that the deterioration of the contact material could release substances
into water which may affect human health. Moerman'® had discussed various aspects of
controlling deterioration of the food product contact surface such as silver bearing stainless
steel surface, copper bearing stainless steel surface, N halamine surface functionalization (Table
3) or Titanium oxide nanoparticle coating on the surface.
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European legislations: ensuring quiescence of FCMs

A legal EU Framework is provided by Regulation (EC) No 1935/2004.°%) It regularizes some funda-
mental postulates for the safety and inertness for all FCMs,'**! demands for the food contact material
that do not change the constituent, odour, and taste of food in any unsuitable way or it should not
release its components in the food to the level which harms human health. It sets out some require-
ments for the framework regulation. The selection of starting materials, with regards to compliance
with Regulation EU 1935/2004"°°) means that impurities, contaminants, and by-product in raw
materials are taken into account, at least to the degree that they have the ability to migrate in the
process of degradation of the food contact material. Additionally, it provides framework to set the
special rule on the active and intelligent materials. It also powers to discourse EU measures for specific
materials like plastics. It sets out the procedure to perform the assessments of safety according to
European Food Safety Authority for the substance used to manufacture FCMs. Moreover, it also set
rules for the labelling on the packaging which includes the instruction for use and the symbols for
labelling FCMs.

To ensure the compliance with the standard specification for the manufacturing process of FCMs is
given by Regulation (EC) No 2023/2006.!"°") It ensures the fitness of the site and the awareness of the
staff for the vital production steps and set guidelines for good manufacturing practice. It also assures
the quality documentation and the maintenance of the system for quality control at the premises.
Moreover, it looks after the selection of the best suitable starting material for the process of manu-
facturing considering the safety and inertness of the final product. For the scientific advice on
biological threats related to food safety and foodborne diseases such as biofilm resistance, quantitative
microbiological risk assessment, food hygiene, and microbiology etc., is given by the EFSA Panel on
Biological Hazards (BIOHAZ).

There are some specific EU legislations for the production of certain FCMs like plastics materials,
recycled plastic materials, regenerative cellulose film, ceramics, and active and intelligent materials
(Table 2).

Regulation for setting limits on plastic materials

Regulation (EU) No 10/2011""*! is the most inclusive EU law on the plastics and articles. It had
established the union list of the substances, which are authorized for the use in the production of
plastic FCMs. It also sets out the rules for the plastic FCMs composition and restricts the use by setting
regulations.

The safety and inertness of the plastic material is assured by setting out the specific migration limits.
This limit specifies the maximum amount of substance allowed to migrate to the food. European Food
Safety Authority (EFSA Panel on Food Contact Materials, enzymes and processing aids (CEP)) access
the risk based on the data of toxicity of each specific substance.*®!

Recital 27 of Regulation 10/2011 concerns plastic multi-layers. In order to optimize the protection
provided to the food with a functional barrier separating the layers from the food, FCM may consist of
several layers of different plastics. Behind the barrier, non-authorized compounds can be used,
provided that their levels of migration remain within detection limits and are not mutagenic,
carcinogenic or toxic. In Articles 11-12 of the law, the migration limits are laid down. Multi-layers
consisting of a mixture of many components, protected by Recital 28, are subject to similar
specifications.'®? As shown in Table 2, to assure the complete quality of the plastic, Regulation 10/
2011, Article 3(1)(b) stated that the release of substances from food contact materials and articles
should not bring unacceptable changes in the composition of the food. According to good manufac-
turing practice it is feasible to manufacture plastic materials in such a way that they are not releasing
more than 10 mg of substances per 1 dm” of surface area of the plastic material. Therefore, the overall
migration limit of 10 mg/dm? results for a cubic contact surface containing 1 kg of food to a migration
of 60 mg/kg food according to Regulation 10/2011.'* This migration test is done under standardized



Table 2. Legislations on food contact material.
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Food Contact Material Regulation Comments Reference
Plastics material Regulation (EU)  ® Sets out the Specific Migration Limits. (sl
No 10/2011 ® OQverall migration limit of 60 mg/kg food
® Requires Declaration of Compliance (DoC)
Recycled plastic materials Regulation (EC)  ® Control the process of recycling [16,561
No 282/2008 @ Authorise the recycling process
® Risk assessment of substance is done
Regenerative cellulose film Commission ® Specific provisions for the synthetic casing of regenerated 7
Directive cellulose
2007/42/EC ® Must be among the defined three types of regenerative cellu-

Ceramic

Active and intelligent

Directive 84/
500/EEC

Regulation (EC)

lose film

Set limit for the leachable quantities of the cadmium (0.1 mg/1)
and lead (1.5 mg/I)

Provision are different in all Member States

The community market which has uniform rules and harmo-
nized limit value, tests and analysis

Establishment of a Union list of substances permitted for the

[58]

(18]

material No 450/2009 manufacture of active and intelligent materials.
® Safety assessment of a substance or of a combination of
substances
® Rules stated in this regulation must apply without any preju-
dice to the provisions of the community that regulate such
materials.
Glass Regulation (EC) ~ ® The lead leaching from the glass table wares into the food stuff %
No 1935/2004 concerns (Council of Europe Policy Statement).
Cork Regulation (EC) ~ ® Cork stoppers and cork materials generally used as a top cover %
No 1935/2004 of a drink concerns (Council of Europe Policy Statement)
Paper Regulation (EC)  ® Paper or cardboard used as a packaging material. 591
and board No 1935/2004 ® |t needs to meet the requirements of food contact materials

legislation, including the composition of any dyes etc that may
have been used in its manufacture

® Council of Europe Policy Statement concerning paper and
board materials

Hygiene of foodstuffs Regulation (EC)  ® Improving the quality of food by bringing EU standards into %
No 852/2004 line with new international standards
® Ensuring effective food safety controls for donations of food
® Reducing food wastage
® |abelling and handling of allergens
Drinking water quality Council Directive ® Concerns the water quality t61)
98/83/EC ® Protect human health from the harmful effects of any water

contamination intended for human use by making sure it is
safe and clean.
Regulation (EC) Products of animal origin are regulated.
No 854/2004 @ In addition to Regulation (EC) No 882/2004, it ensures verifica-
tion of compliance with the requirements of feed and food law,
animal health, and animal welfare.

[62]

Product of animal origin
intended for human
comsumption

conditions. A Declaration of Compliance (DoC) is needed to ensure the quality and safety of the
plastic material (Table 2). This DoC is prepared on the basis of the supporting documents which
reason the safety of plastic FCMs.

The regulation also states “Plastics can also be made by micro-organisms that create macromole-
cular structures out of starting substances by fermentation processes. The macromolecule is then
either released to a medium or extracted. Potential health risk may occur from the migration of non-
or incompletely reacted starting substances, intermediates or by-products of the fermentation process.
In this case the final product should be risk assessed and authorized before its use in the manufacture
of plastic materials and articles.” Substances that are not included in the Union list when used as
additives, natural or synthetic polymeric substances having a molecular weight of at least 1000 Da,
with the exception of macromolecules obtained through microbial fermentation, comply with the
specifications of this Regulation, provided that they are capable of functioning as the main structural
component of the final articles.
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The rules for the specification of any new plastic substance are set out by Regulation (EU) No 10/
2011,"* but the plastic material does not adhere to this regulation if these materials are used. To control
the process of recycling a separate law exists. Regulation (EC) No 282/2008!'®! regulates on the recycled
plastic substances which deliberately comes in food contact. The regulation states that the recycled plastic
materials and the article should be derived only from the authorized recycling process. In order to be
approved, Article 4 of Regulation 282/2008"°! lays down the conditions under which a recycling process
must comply, including the input of plastic materials and articles."°*! For the authorization of recycling
process, it requires the details like the name of the process of recycling, short description of the process,
any restriction in the input of plastic, characterization of recycled plastic, conditions on the application of
recycled plastic etc. Plastic input is the plastic materials which are sorted post use in the process of
recycling support sustainability. There are the loops for the products, which are in a closed and controlled
chain. There is also some challenge test which shows the efficiency of the recycling process for the
removal of the other chemical constituents from the plastic material or article. The person ensuring the
requirements of this regulation are met is known as the converter. EFSA performs the risk assessment of
the substances and provides scientific advice to the decision-makers.

The risk assessment of a substance to be performed by the EFSA should cover the substance itself,
relevant impurities and foreseeable reaction and degradation products in the intended use. The risk
assessment should cover the potential migration under worst foreseeable conditions of use and the toxicity.

Regulation ensuring safe use of regenerative cellulose film

Commission Directive 2007/42/EC of 29 June 2007 relates to the regenerated cellulose film materials and
articles which come into contact with food (Table 2). This law had been significantly amended several
times. It provides the specific provisions for the synthetic casing of regenerated cellulose. The method to
determine the absence of colouring matters migration should be set at the later stage. The national
provision must remain effective until the analysis method and the indicator of purity are pulled up. To
fulfill the intent set out in Article 3(1) of Regulation (EC) No 1935/20045! provides the list of the
approved substances with their limits to the usage quantity. For example, di-ethylene glycol and mono-
ethylene glycol could migrate tremendously to certain food products; therefore, it is important to follow
the maximum authorized quantity of such material in the food after contact with regenerative cellulose
film!9>'% The direct contact between the printed surface and the food must be avoided to protect the
consumer’s health. The regenerative cellulose film must be among the following three types™:

e Uncoated regenerated cellulose film;
e Coated regenerated cellulose film with coating derived from cellulose; or
o Coated regenerated cellulose film with coating consisting of plastics.

Law directing the designing of the ceramic materials

Directive 84/500/EEC of October 151°%! was the legislation to be followed to ceramic articles intended
to come into contact with food by the Member States (Table 2). Ceramic articles are those articles,
which are produced by the mixture of inorganic material which is in high quantity, whereas organic
material may be present in smaller quantity. These articles could be enameled, glazed, and decorated.
In many Member States, there is a compulsory attention to the articles made of ceramic to secure
human health. As mentioned in Table 2, there is a limit for the leachable quantities of the cadmium
(0.1 mg/l) and lead (1.5 mg/1) 58V T If these ceramic articles are placed in the community market, this
has uniform rules and harmonized limit value (less than or equal to 0.01 mg/I of cadmium and 0.1 mg/l
of lead), tests and analysis for ceramic articles. Article 3 of Directive 76/893/EEC; act as a suitable
instrument to attain this objective. The Directive holds the possible migration of the cadmium and
lead from the finished state of the ceramic article which is intended to come in contact with the food or
purposefully made in contact with food.



FOOD REVIEWS INTERNATIONAL 13

Legislation on the active and intelligent material

Active and intelligent materials extend the shelf-life by maintaining or improving the condition, by
releasing or absorbing substances to or from the food or its surrounding environment.*” As
a result, they are exempted from the general inertness rule in Regulation (EC) No 1935/2004.1°"
Regulation (EC) No 450/2009"® specific rules for their specific purposes like the absorption of
substances such as oxygen and liquid from the interior of the food packaging, indication of the
expiry of food through the colour changing labelling which changes colour when the storage
temperature is exceeded, or the shelf life is maximum or the substance like preservatives are released
in the substances. An active material does not include any system that absorbs the substances
entering from the atmosphere like the active oxygen barriers.

Regulation (EC) No 450/2009""® envisions the establishment of a union list of substances permitted
for the manufacture of active and intelligent materials (Table 2). There are varieties of active and
intelligent materials and articles exist.!"® The substances that are responsible for the active or
intelligent function could be contained in a separate container, for example, the substances can be
directly incorporated in the packaging material or inclusion in a small paper sachet.!"® Those
substances which are responsible for the active and intelligent functioning should be evaluated in
accordance with this regulation. The packaging material and the packaging in which the container is
placed and packaging in which the substance is incorporated are covered by the specific community.
These materials may be composed of one or more layers, or parts of different types of materials, such
as plastics, paper and cardboard or coatings and varnishes. The rules stated in this regulation must
apply without any prejudice to the provisions of the Community that regulate such materials.

Regulation (EC) No 1935/2004 provides®® that those substances must undergo the safety assess-
ment prior to their authorization, if the substances in the list authorized within the community for use
in the manufacture of materials and articles intended to come into contact with food. In accordance
with Articles 9 and 10 of Regulation (EC) No 1935/20041°%), the safety assessment of a substance or of
a combination of substances, which is comprised of the active and intelligent components should be
carried out by the EFSA(Table 2).

They are intentionally designed to incorporate active and intelligent components that would
absorb or release the substances into or from the surrounding environment to food. They also
monitor the packaged food condition. ‘Component’ is an individual substance or a combination of
individual substances, which are responsible for the active and intelligent material or article
function. ‘Functional barrier’ is a barrier comprising of one or more layers of food contact materials
which assure that the product complies with Article 3 of Regulation (EC) No 1935/2004.1°°) Those
active materials and articles which are designed to purposefully incorporate components by the
release of substances into or onto the packaged food or the environment surrounding the food are
known as the ‘releasing active materials and articles’.

Legislation on the use of nanomaterial

Recent research development led to the increase in use of nanoparticles in the food contact surface
which are subject to authorize before being permitted for use. The EU Commission Recommendation
2011/696/EU introduces nano materials in the area of FCM and defines it as “a natural or manufac-
tured material having particles for 50% or more in the size range of 1 nm-100 nm and its distribution
in unbound/aggregated/agglomerated state”.!'”’ The smaller size of several nanomaterials shows
different physical and chemical properties from the larger or macro-size material. European
Framework!””! lays the general ethics for the food contact materials, doesn’t address the use of
nanoparticle directly. Although Article 3 states the general requirements for the use of “nanoform
elements” in the FCM.

European Regulation (EU) No 10/2011!"*! particularly discuss about the use of nanomaterials in the
plastic materials or the articles that may come in contact with food."”’ Annex I of the Plastics
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Regulation (Article 9) specifies that as the element changes its size from macro to nanoform, it could
have different physico-chemical properties and toxicity; therefore, the authorization of the material
will depend on its risk assessment.!"°”) European Regulation (EC) No 450/2009"! on active n active
and intelligent materials and articles''®! defines the use of elements in nanoform if the substance is not
listed in the Union list and if it is present in the layer of the multilayer material and not in direct
contact with food. However, the legal evaluation of the nanosubstance which are not included in the
Union list like catalyst or colorant is still unclear.!'*!

Table 2 also shows that Regulation (EC) No 1935/20041") states about other materials such as
glass®®), cork, paper and board.®” The lead leaching from the glass table wares into the food stuff
concerns Council of Europe Policy Statement. Also, interaction of cork with wine and the transfer of
elements from cork stopper to wine when cork was used to seal the bottles. A particular regulations for
cork are listed in Resolution ResAP(2004)2, which has been adopted by the Committee of Ministers,
for the agreement in the social and public health.!"°) Paper or cardboard are also used as a packaging
material. Paper or cardboard legislation also includes the composition of any dyes used for printing on
it (Table 2).

Legislation on hygiene of food and food contact materials

As a general principle, legislation conceptualizing the culture of food safety was adopted. The EU
introduced three basic acts in April 2004, which form the center of the ‘Food Hygiene Package’ that
are: Regulation (EC) 852/2004/°”’ on the hygiene of foodstuffs®”! Regulation (EC) 853/2004!"”' laying
down specific hygiene rules for food of animal origin,"” and Regulation (EC) 854/2004 laying down
specific rules for the organization of official controls on products of animal origin intended for human
consumption.[éz]

Regulation (EC) No. 852/2004°") allows food business operators in Europe, to develop, incorporate
and manage ongoing procedures based on the concepts of Hazard Analysis and Critical Control Point
(HACCP). Furthermore, through its incorporation into company policy, the food hygiene culture
should be integrated in the perception of employees in such a way that food safety effects almost
naturally from the actions of each employee. This is important for organizational hygiene at all levels
to be implemented efficiently."*® The scope of this regulation focuses on the following principles: (i)
The operator of the food business is primarily responsible for food safety; (ii) The food safety must be
ensured throughout the process; (iii) For food that cannot be safely stored at ambient temperatures,
particularly frozen food, it is essential to maintain the cold chain; (iv) In relation to the development of
good hygiene practices, general implementation of strategies focused on the HACCP principles should
enhance the responsibility of food business operators; (v) Guides to good practice are a valuable tool to
assist food business operators at all stages of the food chain to comply with food hygiene rules and to
enforce the HACCP concept; (vi) Microbiological standards and temperature control specifications
need to be defined based on a scientific risk assessment; (vii) It is important to ensure that the food
imported has at least the same hygiene quality as the food produced in the Community, or that it is
equal to that of the food produced in the Community.*"!

The Regulation (EC) 853/20041°7) sets down basic guidelines for food business operators on the
hygiene of food of animal origin'””). These rules are analogous to those defined by Regulation (EC)
No 852/2004'°”) Unprocessed and manufactured items of animal origin are subject to these provisions.
However, this regulation shall not extend to foods containing both products of plant origin and
processed products of animal origin. Processed animal products used for the preparation of such food
mean to be obtained and processed in compliance with the requirements of this Regulation. Moreover,
to ensure the compliance with microbiological standards implemented in accordance with Regulation
(EC) No 852/2004°°!, Regulation (EC) No 854/2004 lays down specific guidelines for the organization
of official evaluations of products of animal origin consumed by humans'®®! Animal products need to
be check on the chemical, physical, organoleptic and microbiological criteria to be in compliance with
the relevant Community legislation.
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Approaches used to inhibit microbial growth on FCMs

Several approaches are used to prohibit the growth of microorganism (Table 3) on the FCMs.
Approaches such as the incorporation of the antimicrobial agent in the surface materials,!'* by
coating surfaces with antimicrobials agent or by modifying the physiochemical property of the
surfaces,"'” active packages with the incorporation of new and natural compounds are used.
Recent research is focused on the use of innovative and effective technologies like use of
nanoparticle!"'''?! or by the pre-treatment by plasma./*'"!?!

Design of hygiene surface coating

Designing a hygiene surface coating had been focused by the researchers since a decade considering
the challenges faced by the food industry."*?! The antibacterial surfaces were categorized according to
the physical and chemical changes made on the surface. Antimicrobial coatings resist the initial
attachment of the microorganism on the surface by inactivating the cell and exhibiting cell death. In
the fabrication of the antibacterial surfaces the application of surface coatings is frequently applied.
These coatings include ions silver, titanium,""'* copper and zinc,*® nanoparticles,!'**! zeolites!*'®!
and zwitter ions.!"!”!

In a study on control for biofilm, microparticles of CaCOj; coated with benzyl-dimethyl-dodecyl-
ammonium chloride were found to inactivate the formation of biofilm effectively.!"**! Silver surface
coating was reported by many other researchers for the inhibition of biofilm formation,!%!*"!
Prevention of bacterial adhesion has also been reported by the pre-conditioning of the surface.!**"’
Zeraik and Nitschke (2010)!"?!) demonstrated in their research that the surface became more hydro-
philic after conditioning with surfactant. The data illustrated the treated surfaces decrease in hydro-
phobicity and had shown a significant decrease in the attachment of bacteria had developed surface
which has coating with zwitter ionic polymer like poly (sulfobetaine methacrylate) and poly(carboxy-
betaine methacrylate) which showed resistant effectively and prevented the biofilm formation.!**

Immobilization technology has been developed extensively in the past two decades.!"**! Now the
technology is advancing for the use of organo-silanes to improve mechanical, chemical and physical
properties of the material. The carbon silicon bond is a non-polar stable bond. In the presence of an
alkyl group it gives rise to hydrophobicity and low surface energy.!"**! Organo-silane are environment
friendly, improve cell adhesion and provide better protection against corrosion.!'*!

Silver-based antimicrobial coatings releases silver ions from the surface and show bactericidal effect
against both gram-positive and gram-negative bacteria.*®'?*! Hydroxyapatite (HA) and Quaternary
ammonium compounds were also reported to exhibit antimicrobial properties. However, HA coatings
were not found to be long lasting, whereas microorganism were observed to develop resistance on
QAC coatings.!"*! The combinational compounds like silver doped silica film,!"*”! silver doped
titanium,!** titanium doped iron and silver doped HA coatings!**! were reported to have potential
resistant against microorganisms.

Coating of a nanostructured material on the FCMs is the emerging technology through a wide
range of exploration in the research. Design and development of the nanoparticles coating, which
could be used in the variety of industrial application is the main focus of the researchers. These
nanostructure materials could be released on the surface for a longer duration of time which could
prevent the growth of pathogenic bacteria and avoid food spoilage had coated TiO, nanoparticle on
the chopping board surface and found a significant log reduction on bacterial growth.””””*! Although
several shortcomings were also reported for the use of antimicrobial surface coatings. The antimicro-
bial agent takes time to release from the surface and the optimized concentration must be effectively
maintair[led. "I]‘he microorganisms were also reported to develop resistance against the antimicrobial
coating,!®>'*
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Surface modification and functionalization

Development of different methods for the modification of surfaces had led to the improvement in the
safety and inertness of the article. Use of wet chemicals, UV radiations and adhesion are used to add
a variety of polar group to the surface. Modification of the surfaces necessarily require the attachment
of bioactive compound; therefore, these techniques must add a specific functional group the
surface."?”) The first step for the surface modification is the selection of the polymer considering
the properties like elasticity, conductivity, strength, type of material (synthetic or natural) and
degradability. Immobilization of biomolecule or the functionalization of surfaces is considered
according to the application of the surface. Therefore, the second step is to enhance the functionaliza-
tion techniques of the surface to add the desired quantity and variety of the reactive functional group.
Grafting of the polyfunctional agent on the surface increases the availability of the reactive functional
groups per unit area.!'*”) Addition of a spacer molecule for harnessing the bioactive compound on
a solid surface also increases the bioactivity. It reduces the steric hinderance and covers the compound
from hydrophobic surface. The final step is the covalent attachment of the natural or the synthetic
bioactive compound to the functionalized polymer surface.['”]

The surface modification is done either by atom radical transfer or by covalent bonding. Some
antibacterial properties are studied on the surfaces, which is chemically bounded (hydrophobic
polycations of quaternary ammonium salt). Studies exhibit that higher the molecular weight of the
chain (N-alkylated Poly(ethyleneimines)) more is the antibacterial property.!"*! Alkylated PVP and
benzyl PVP are the polyvinyl pyridine-based polymers which are the phosphonium or the sulphonium
or the polycationic quaternary ammonium salts. The antimicrobial property of these polymers
depends on the length of the chain. Dimethyl-diocta-decyl-ammonium (DDA) bromide-based poly-
mers have DDA as the end group. The presence of satellite group (methyl, hexadecyl, decyl) are the
deciding factors of the antibacterial activity. Polymers with oxidative halogen group (CI", Br") are the
polymeric compounds with the N-halamine group which exhibits antibacterial properties. The
compounds having amphiphilic quaternary dimethyl ammonium compounds having oxyethylene
and n-alkyl groups are synthesized and designed as the surfaces which has self-decontaminating
properties."**) Immobilization of the antibacterial agent on the FCM by of physicochemical adsorp-
tion method is also surface modification approach. These antibacterial agents could be antibacterial
polymer, enzymes and peptides immobilized on a polymeric surface like poly(methacrylate) and poly
(hexamethylene bi-guanidinium hydrochloride).!"*"!

Another one of the potential fast and energy saving approach is the use of high intensity ultrasound.
An ultrasonic approach to form a hybrid functional surface is based on the cavitation effect on the
solid surfaces.!"**! The surfaces modified ultrasonically have the microcavities in which different
chemicals such as antimicrobial agents could be stored.""*?! The interfaces of ultrasonically modified
surfaces are very rough; therefore, they provide excellent adhesion for the inorganic and the organic
coatings. The development of the industrial application for the modification and functionalization of
the solid surface by the ultrasonic irradiation is focused by the researchers.

Naturally inspired antimicrobial agent

The natural compounds studied as an antimicrobial agent are derived from plant, animal, micro-
organisms. The essential oils derived from different plants like basil, oregano, thyme, clove, rosemary
and cinnamon. The plant essential oils are Generally Recognized as Safe (GRAS). Gutierrez, Barry-
Ryan, and Bourke!"*? studied that the plant essential oil fractions are commonly found with the active
components which are effective against a wide range of spoilage bacteria and foodborne pathogens.
The presence of hydrophilic functional group like the lipophilicity of some essential oil components
and the hydroxyl group of phenolic components are responsible for the antimicrobial activity of the
plant essential oils. Soni et al.!**! studied the antimicrobial activity of carvacrol on the polystyrene and
stainless-steel surfaces. They had used carvacrol of 0.05% - 0.1% for an hour which lead to the
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reduction of Salmonella spp by 7 log CFU.I"**! Campana et al.'**! had formulated three micro-
emulsion with essential oils (C. cassia, S. officinalis or both) and tested against the biofilm of
S. aureus with 90 minutes of exposure time and observed more than 3 log reductions and 68% biofilm
removal.!'*!

Defensins are cationic peptide which exhibits antimicrobial activity against Gram positive and
Gram-negative bacteria, fungi and viruses. Lysozymes are antimicrobial against C. tyrobulyricum,
B. micrococcus and L. monocytogenes.!"*® Bacteriocin are obtained from microbial sources. Few
examples of bacteriocin are nisin, caseicin, alveicin, lactocin etc. Bacteriocin are the small peptides
which are produced in bacteria and exhibits a strong antimicrobial activity against closely related
bacteria. Arevalos-Sanchez et al.'*”! had used nisin of 6.75 x 10~ ppm for 5 min at 20°C on the
stainless-steel surface. They observed a reduction of Listeria monocytogenes by 2.58 log CFU/cm?.[*7]
In addition to this study, they had used nisin on the glass surface at 6.75 x 10~> ppm for 20 min at 20°C

and observed the reduction of Listeria monocytogenes by 1.92 log CFU/cm?> "]

Surface pre-treatment with plasma

Plasma technology is new upcoming technology, which is highly effective and environment-friendly.
Plasma could be defined as the mixture of charged and the neutral particles. It consists of positively
and negatively charged ions, charged and neutral atoms and molecules and electrons. The plasma has
the illumination characteristics which are due to the emission of radiation by the excited species. In the
plasma, the reactive species forms the radical site throughout the molecular chain where the polar
groups could attach. Primarily the oxygenated groups like carbonyl (-CO), carboxylic (-COOH) and
hydroxyl (-OH) are bonded to the upper molecular layer and therefore, changes the polarity of the
surface by transforming it to polar from a non-polar surface. The change in polarity results in
enhanced bonding strength as the interaction between the functional groups and the active surface
is firm. Moreover, the energy input and surface functionalization results in the roughening of the
surfaces at the um range which results in the firm coating. Conte et al."**! had tested the antimicrobial
activity of the plasma processed polyethylene film followed by the immobilization of lysozyme. In their
study, they found that the plasma treated film with immobilization of lysozyme exhibit more active
antimicrobial property.[13 8l

To be pre-treated with plasma, the surface must be compatible for the process. The surface needs to
be very clean, and it must be proactive to form the adhesive bond with the coating. During the ultra-
fine cleaning, the reactive species present in the plasma converts the organic layer to the gas phase and
with the polymer the functional group will attach and transform its polarity which was required for the
adhesive bonding with the surface. The plasma has the reactive species enables the polymer surfaces to
be finely cleaned without any use of chemicals, therefore, its environment friendly. Plasma coating
process is the dry chemical method which helps in the applying the coating immediately. The coating
applied by plasma is anti-corrosive, anti-microbial, scratch-resistant and adhesive. Theapsak,
Watthanaphanit, and Rujiravanit'*' reported that chitosan films along with dielectric barrier dis-
charge (DBD) plasma treatment shows good potential abilities for use.!'*’ Concentration of higher
functional group is linked to the antibacterial behavior; therefore, more work is needed to determine
the density of the functional group and optimize antimicrobial behavior. Karam et al.'**! had
conducted a study to investigate the absorption of nisin on the plasma treated polymer surface and
observe its antimicrobial property. They had modified low density polyethylene (LDPE) with argon/
oxygen plasma, nitrogen plasma and plasma-induced grafting of acrylic acid. They found that the
highest antibacterial activity was exhibited by the argon/oxygen plasma treated LDPE followed by
acrylic acid plasma grafted, and nitrogen plasma treated film and lowest antimicrobial activity was
found on the non-treated native native surface.'*”) Rtimi et al.l'°”! had stated stated that on TiO,
coated chopping board, plasma treatment enhanced the bactericidal property without affecting the
physical stability.*!
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Conclusion

Food industries faces major challenges in the form of contamination of allergen and microorganism
from surface to food, formation of biofilm on food contact material, microbially influenced corrosion
of FCMs and biodeterioration of materials. The adhesion of the bacterial cell depends on the
physiochemical properties of the surface. Contaminated packaging material may also lead to the
contamination of ready to eat food. Legal EU Framework is provided by Regulation (EC) No 1935/
20041°) and it regularizes some fundamental postulates for the safety and inertness for all FCMs. EU
standard quality assurance systems develops the framework to improve and maintain the quality and
safety of the food in food industry. There are some specific EU legislations for the production of
certain FCMs like plastics materials, recycled plastic materials, regenerative cellulose film, ceramics
and active and intelligent materials. To ensure safe food they are required at each step in the food
production process and to show compliance with regulatory and customer requirements. However,
there is a need of developing the novel coating technology which would have dual function such as
prevention of the initial attachment of bacteria and debarment of formation of biofilm, or a multi-
functionality will be attained by two or more functional element. Greater considerations are also given
in modifying the surface topography in order to make the antibacterial or anti-biofouling FCM
surface. A dual functionality antimicrobials coating and nanoscale surface topology will have
a potential application in all processing areas of the food industry to improve safety and inertness of
the FCM while maintaining the quality of food and also compile with European legislation.
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