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Migration of Polymer and Contaminants from
Primary Packaging Materials into Food and Dairy
Products: A Review
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Abstract--- The dairy items incorporate milk, cheddar,
margarine and yogurt. Since they are expended broadly,
individuals are worried about their wellbeing. However a
few contaminants in the essential bundling materials (PPM)
may move into them and cause genuine reactions.
Numerous investigates have been made on the relocation
into simulants of dairy item. Yet, little work has been done
on such territories, themselves because of their mind
boggling networks. Thus the movement of contaminants
from PPM into dairy item was investigated from year 2007
to 2013. The contaminants from plastics incorporates
styrene monomer, photograph initiators, diphenylbutadiene
(DPBD), bisphenolA (BPA), plasticizers, melamine (MEL),
butylated hydroxytoluene(BHT) and metal components.
The contaminants from paper and cardboard incorporate
fluorochemicals, polychlorinated dibenzodioxins and furans
(PCDDs/PCDFs). PPM includes plastics, can, essential and
reused paper and board, foils and so forth. Sometimes
simply the measures of the vagrants in dairy item were
resolved. While in others numerical models in view of
Fick's second law were fabricated to foresee the movement
values, which fitted well with the test values. Dissemination
coefficients at specific temperatures were anticipated also.
Location strategies essentially included chromatography,
chromatography/mass spectrometry and chromatography

pair mass spectrometry. Ordinarily received example
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l. INTRODUCTION

Food Bundling is a quickly developing field. Other than
keeping sustenances safe from sullying and holding the
wholesome  properties and tangible qualities of
nourishments, bundling gives extra elements that are
imperative to buyers. These incorporate reseal capacity,
alter proof, and the showcase of item data, and additionally
reuse or reusing highlights. As of late the flare-ups of a few
sustenance security issues have conveyed contaminants
moving from PPM to individuals' consideration. Some of
them even at low level can be hindering. Since relocation
study on dairy item themselves require dull specimen
pretreatment and location technique with high selectivity
and affectability, scientists have swung to the simulants of
dairy item, including acidic corrosive (3% wi/v), olive oil,
ethanol, ethanol/water for fluid dairy item and Tenax TA
for strong dairy items. The utilization of both adaptable and
inflexible polymeric bundling is becoming quickly, and is
driven by new improvements in bio-plastics, and the
craving to diminish the mass and weight of metal and glass
compartments. consolidated  with

Polymer bundling

synthetic mixes is regularly alluded to as plastics.
Consolidation of low-atomic weight synthetic mixes
enhances useful properties of plastics. Be that as it may, the
potential impact these substances on item wellbeing and

quality stays being referred to when measure of these

ISSN: 2349-6657 @ JSET


mailto:drsharmasushil@gmail.com
mailto:yatendrasharma99@gmail.com

Journal on Science Engineering & Technology
Volume 3, No. 02, June 2016

relocating mixes in  nourishment surpass their
predetermined points of confinement. The expression
"movement” alludes to the dispersion of substances from a
zone of higher fixation (the nourishment contact layer) to
one of a lower focus (for the most part the sustenance
This

nourishment bundling cooperation’s (Arvatoyannis and

surface). procedure is regularly impacted by

Bosnea 2004) and the temperature of the framework.

The migration process can be divided into 4 major steps:
diffusion of chemical compounds through the polymers,
desorption of the diffused molecules from the polymer
surface, sorption of the compounds at the plastic—food
interface, and desorption of the compounds in the food
(Ferrara and others 2001). The mass diffusion process is
usually governed by Fick’s law. The steady state diffusion

process indicates no change in concentration over the

aCp

time( >

= 0); however, most of the interactions between
the packaging and food are influenced by nonsteady state

conditions.
C aCp
Fick’s first law: Na = - Dp e (D)

. aCp d2Cp
Fick’ nd law: — = - D,——
s second o s 2

NA is the consistent state flux; Cp is the grouping of
vagrant in the polymer; Dp is the dissemination coefficient
of transient in polymer. For functional purposes, dispersion
and segment coefficients are thought to be consistent. In
(PE) and

polypropylene (PP) with low glass move temperatures (Tg),

polymers, for example, polyethylene
it can be accepted that relocation of substances produced
using these materials comply with Fick's laws (Brandsch
and others 2000). The allotment coefficient (kp) that
decides the movement at the polymer-dissolvable limit can

be composed as:
Kp=¢> (3)

Cs is the vagrant focus in sustenance/nourishment
simulant/dissolvable stage. The lower the kp esteem, the

more the vagrant is retained into the sustenance from the
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polymer. At the point when greasy sustenances interact with
these polymers, this quality is low (kp < 1); for water, it is
high (kp > 1000) (Piringer 2007). On the other hand, the
coefficients can change with focus and time, prompting
non-Fickian dissemination, coming about because of the
dissolvable entrance actuated swelling marvel (Piringer
2007), which is frequently quickened by the temperature of
these procedures. Changes in temperature might impact the
segment coefficient, as the solvency of the vagrant changes
both in the polymer and nourishment stages at harmony.
The temperature reliance of segment coefficient is likewise
depicted with the Arrhenius comparison (Bastarrachea and
others 2010). The procedure of dissemination is likewise
affected by temperature. The essential mathematical
statement corresponding dissemination coefficient and
temperature is the Arrhenius sort comparison (Bastarrachea

and others 2010):
Dy= Doe - (4)

Where DO is the pre-exponential component, E is the
actuation vitality for diffusive particles, R is the gas
consistent, and T is the total temperature of the framework.
A few methodologies have been completed to add to
another model for foreseeing dissemination of mixes, where
Dp = f (atomic mass of transient, outright temperature).

This relationship was created by Brandsch et al (2000):

10454

Dp= Doexp (A -0.1355M; *° +0.0029M, - ——

) cm?/s (5)

Where Ap = A'p— /T, Mr is the relative molecular mass
of the migrant, and A's and r are specific parameters of the

polymer matrix.

The dissemination procedure is additionally affected by
the condition of the polymer grid, whether they exist in the
rubbery or polished state at capacity temperature.
Dissemination in smooth polymers is much slower than in
rubbery polymers. The probability of monomer and
oligomer relocation increments when a plastic is presented
to high temperatures amid warm preparing or when

nourishment is put away for developed periods. Exchange
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of synthetic mixes from plastics into sustenance has raised
worries about the conceivably unfavorable impacts of
nourishment items on human wellbeing. A significant part
of the introductory work around there was directed in the
1990s,

particularly cements and recently created foil susceptors

when  microwaveable sustenance bundling
was first being produced for purchaser applications.
A susceptor is a softly metalized polyethylene terephthalate
(PET) that retains electromagnetic waves, for example,
microwave (MW) radiation, changing over this vitality to
warm, which is then exchanged from the susceptor to the
sustenance item by conduction, making limited regions of
high temperature on the item surface. These new MW-
particular bundling materials encouraged the improvement
of nourishments, for example, microwaveable popcorn and
required testing of bundling materials under conditions that

were totally new to the sustenance business.

To investigate the Overall Migration (OM) from the
sustenance contact plastic layer, 4 nourishment simulants
are most ordinarily used to disentangle testing for
administrative consistence purposes subsequent to the
simulants are less synthetically complex (Grob 2008) than
nourishments. The simulants prescribed for movement
testing are: water (simulant A) to speak to fluid
sustenance’s (pH> 4.5); 3% watery acidic corrosive
(simulant B) to speak to acidic watery nourishments (pH <
4.5); 10% fluid ethanol (simulant C) to mimic alcoholic
nourishment items, and olive oil (simulant D) for greasy
sustenances.Recent regulations on food simulants provided
by EU 10/2011 have replaced and modified the formulation
of the old food simulants as follows: Ethanol 10% (v/v) for
aqueous food (simulant A); acetic acid 3% (w/v) for acidic
food (simulant B); 20% (v/v) ethanol for alcoholic product
(simulant C); for fatty food, 50% (v/v) ethanol (simulant
D1) and vegetable oil (simulant D2), and lastly, Tenax
(PPPO) for dry food (simulant E). However, the U.S. Food
and Drug Administration recommends 10% ethanol for
aqueous and acidic foods (type I, Il, IVB, VIB, and VIIB in

Table 1); 10% to 50% ethanol for low- and high-alcoholic
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foods (type VIA, VIC), and food oil, HB307 or Miglyol 812
for fatty foods (type Ill, IVA, V, VIIA, IX). HB307 is a
mixture of synthetic triglycerides; andMiglyol 812 is the
derivative product from coconut oil. HB307 is the product
of NATEC, Hamburg, Germany.

Testing the movement of concoction mixes from
nourishment bundling into sustenance simulants includes 2
stages (Stronghold 1996, 2007). The initial step is to
uncover the polymer bundling to the nourishment
simulant(s) and permit substances from the bundling
material to move into the simulant(s). The second is to
evaluate the vagrants exchanged to a nourishment simulant
as far as OM or specific migration (SM). Deciding OM is
an administrative prerequisite in European Union nations
that have built up relocation restrictions for substances from
sustenance contact materials. Relocation of synthetic
substances is very needy after preparing and stockpiling
conditions, the nature of the bundling material, and the
mixes it might contain, and in addition the compound

properties of the nourishment.

OM represents to the aggregate sum of nonvolatile
substances exchanged from the nourishment contact plastic
to the sustenance (EU 10/2011). EU Mandate 10/2011
limits the OM to 10 mg/dm2 on a contact territory premise
or 60 mg/kg in the simulant or nourishment (for plastics).
The OM of all chemicals that could move amid warmth
introduction or other kind of physical anxiety is controlled
by a straightforward gravimetric technique. In this
procedure, the deposit is weighed after the vanishing of the
unstable simulants, for example, liquor (simulant C), or the
mass loss of the plastic example is measured prior and then
afterward introduction (for instance olive oil and
nonvolatile fat simulants) to get the measure of OM

(Bradley and others 2009).
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1. MATERIALS AND METHODS

The specific migration (SM) of a substance into
sustenance relies on upon a few parameters: the plastic, the
proposed nourishment to come into contact with that plastic,
the surface territory to-volume proportion between the
plastic and the sustenance and the contact time and
temperature. In the event that the sustenance is now pressed
the nourishment is examined to check for consistence of the
particular relocation of the substance. If not, the particular
movement can be tried by selecting the important
sustenance simulants speaking to the nourishment for which
the material or article is planned to come into contact with.
Most pessimistic scenario predictable use test conditions
should chose, for example, contact time and temperature. A
logical technique must be produced and accepted. Standard
substances should be available to adjust the scientific
systems. Official control research facilities need to check
their execution through support in between lab correlation
practices keeping in mind the end goal to guarantee the
conveyance of strong scientific results. For this reason the
JRC runs the European Union Reference Research facility
for nourishment contact materials, giving expository
systems and preparing to, and arrange round robin tests for
the system of National Reference Labs. The JRC underpins
the execution of enactment by giving direction on different
related points, for example, execution criteria and approval
systems for scientific technique, inspecting and test
conditions for kitchenware and the utilization of perceived
dispersion models for the estimation of particular relocation
of substances.

Styrene is the precursor to polystyrene and a few
copolymers. It is feebly poisonous. The greatest fixation
level allowed by European enactment is 60 mg/kg. L. M.
Chiesa et al. decided its substance in cheddar utilizing
headspace strong stage smaller scale extraction gas
chromatography coupled to mass spectrometry (SPME-GC-
MS) and found that despite the fact that the substance was
not exactly as far as possible there was advancement because

of movement. SPME was utilized on the grounds that it was
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unpredictable. P. LOPEZ et al. decided styrene-containing
unpredictable natural mixes (VOCs) from entire milk with
23% fat substance, skimmed milk with 0.3% fat substance,
Tenax and Porapak Q. amid warming utilizing cleanse and
trap GC-MS in specific particle checking (SIM) mode. The
outcomes demonstrated that Tenax was better utilized as
simulant for milk powder with low or middle of the road fat
substance than for entire milk powder. They inferred that
temperature and fat substance were the most imperative
variables in mass exchange forms and after that time. M.
Khaksar et al. concentrated on relocation of styrene from
polystyrene mugs to hot beverages including milk utilizing
fluid chromatography coupled to UV locator (LC-UV).

1. PLASTICS MONOMER AS CONTAMINANT

Styrene is the precursor to polystyrene and a few
copolymers. It is pitifully dangerous. The greatest focus
level allowed by European enactment is 60 mg/kg. L. M.
Chiesa et al. decided its substance in cheddar utilizing
headspace strong stage small scale extraction gas
chromatography coupled to mass spectrometry (SPME-GC-
MS) and found that in spite of the fact that the substance was
not exactly as far as possible there was improvement
because of migration7. SPME was utilized in light of the fact
that it was unpredictable. P. LOPEZ et al. decided styrene-
containing unpredictable natural mixes (VOCs) from entire
milk with 23% fat substance, skimmed milk with 0.3% fat
substance, Tenax and Porapak Q. amid warming utilizing
cleanse and trap GC-MS in specific particle observing (SIM)
mode8. The outcomes demonstrated that Tenax was better
utilized as simulant for milk powder with low or middle fat
substance than for entire milk powder. They inferred that
temperature and fat substance were the most vital elements
in mass exchange forms and afterward time. M. Khaksar et

al.
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V. MIRATION OF NONYPHENOL

Nonylphenol (NP) is utilized as a cancer prevention
agent and plasticizer in some plastic items. After the
revelation of its endocrine-disturbing potential, worry over
human presentation to this substance has expanded. As of
late, a gathering in Germany evaluated the normal every
day admission of NP from sustenance (7.5 microg/day),
barring water. In the present study, NP, octylphenol
(Operation), and their particular ethoxylates (1-5) were
measured in spring water packaged in three distinct sorts of
plastic (HDPE, PET, and PVC). NP was available in water
from HDPE and PVC compartments, at 180 and 300 ng/L
individually, which speak to 4.8% and 8% of the quality
computed by the German bunch accepting an utilization of
2 L of water for every day. Operation was found in water
from HDPE removes in lower sums, 12 ng/L, and neither
the NP-nor the Operation ethoxylates were recognized in
any of the specimens. Endeavors to quantify these mixes in
faucet water were unsuccessful, presumably in light of the
fact that response with leftover chlorine results in the
development of chlorinated repercussions. Movement of NP
from HDPE compartments to a milk surrogate was likewise
assessed; results show that the measures of NP draining into

milk may be like those in filtered water.

©/OH
H10Co

Nonylphenol

O(CH,CH,0),,CH,CH,OH
H10Co

Nonylphenol Ethoxylates

Figure 1: Chemical Structure of NP and NPEOn

V. INDIRECT MIGRATION DUE TO
PoLYMERIC FOOD PACKAGING

Numerous nourishments contact polymeric bundling
materials which contain buildups of the polymerization
process or added substances utilized to encourage handling.
The degree of relocation of such materials from the
bundling to nourishments is the center of the present article.
A noteworthy test program utilizing eight polymer-transient
frameworks is depicted. Relocation was measured to

nourishment recreating fluids (FSL) and to sustenance’s.
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Quickened tests were led with FSL under FDA rules

conditions to create relationships between's such
information and those discovered utilizing nourishments
under ordinary stockpiling temperatures and timeframes of
realistic usability. In the greater part of tests, the movement
was observed to be around corresponding to the square base
of time, to increment fundamentally with an ascent in
temperature, and to be relative to the beginning
convergence of transient in the polymer. Blending in the
FSL or sustenance stage was by and large not critical aside
from the framework including dioctyl adipate moving from
polyvinyl chloride film. In a few occasions, after a
timeframe, relocation rates turned out to be low, and this
impact was credited to soaking the FSL or sustenance stage
with transient. The nourishments involved an assortment of
sorts, including fluid, semisolid, strong, and dry; both sleek
and watery sustenances were incorporated. The physical
steps included in relocation incorporate the dispersion of the
transient from the inside of the film to the surface, where it
can break down in the outside FSL or sustenance stage. The
way of the FSL or nourishment is appeared to be imperative
in that parts can infiltrate the polymer and significantly
build movement rates. Predictable with the FDA rules
basically at the season of this study, testing was performed
with five FSL (water, 3% acidic corrosive, 8% and half
ethanol, and n-heptane) at 49 degrees C. Point by point
correlations were made between the relocations to
nourishments and to FSL; taking after are the more
applicable conclusions. (1) Three percent acidic corrosive
demonstrated no point of interest over water as a sustenance
simulant even in those situations where the nourishment
could be viewed as acidic in nature. (2) Water, when
utilized as a FSL at 49 degrees C for 5 days, overestimated
relocation in watery nourishments in around 75% of the
cases. In a few examples, in any case, the water stage got to
be soaked with vagrant. In different circumstances, this test
convention underpredicted movement - particularly in those
situations where there were segments in the nourishment

that could enter into the polymer and upgrade relocation,
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(for example, squeezed orange).

VI. PLASTICS ADDITIVES AS CONTAMINANTS

Bisphenol A (BPA) is utilized to make polycarbonate
plastic and epoxy saps coatings of the can. It could relocate
from the can to drain powder, concentrated fluid equation,
prepared to-eat fluid recipe and entire dissipated milk.
Different methods were utilized to dissect its substance. Tests
were separated with natural solvents like acetonitrile (ACN)
before purging by strong stage extraction (SPE). SPE
cartridges incorporate C18 and styrene-divinylbenzene
EnvChrom-P. For fluid chromatography coupled to mass
spectrometry (LC-MS) , negative electrospray ionization
(ESI) interface was utilized in light of the fact that BPA will
probably lose a hydrogen particle. SIM was utilized for
measurement. L. K. Ackerman et al. used SPE-LC-negative
ESI-MS/MS (pair mass spectrometry) to screen relative
maintenance times and particle proportions. Two indicative
item particles from each of the picked antecedent particles
were required for unambiguous affirmation. BPA was
evaluated utilizing the zone proportion of one BPA move
(m/z 227-133) to the isotopically marked d6-BPA move (m/z
233-138). At the point when SPE-GC-MS was utilized,
dreary deduction of BPA must be made for GC investigation.
Affirmation for this technique depended on the maintenance
time and the particle proportions. Moreover, as the subsidiary
of BPA, bisphenol A diglycide ether (ldentification) could
vanish in milk by acting with milk proteins to shape protein
adducts with obscure poisonous quality. Plasticizers like
di(2-ethylhexyl) phthalate (DEHP), di-n-butyl phthalate
(DnBP) and dimethyl phthalate (DMP) have been used
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for polyvinyl chloride (PVC) products. Using GC-TOF
(time-of-flight) MS, M. Kim et al. determined the respective
concentration of DEHP, DnBP and DMP in raw milk.

Melamine (MEL) and its simple cyanuric acid (CA) form
insoluble (MEL-CA) gems which can accelerate in kidney
tubules and cause harm of renal tissue. High-throughput,
completely mechanized quantitative investigation of MEL
and CA in dried milk, dense drain and dried cheddar was
performed utilizing direct examination as a part of continuous
(DART) particle source coupled to TOFMS [17]. After
extraction and interruption of MEL-CA with methanol-5.0%
formic corrosive, supernatant got after centrifugation was
broke down. Contrasted with LC-MS/MS, DART-TOFMS
did not require chromatographic partition or brooding steps
and could give estimation continuously. Yet, it had preferably
higher LOD than that of customary LC-MS methods. A.
Desmarchelier et al. created LC-MS/MS strategy to decide
MEL in milk-based newborn child recipes and milk powder
[18]. Test planning was extremely basic with no tidy up by
SPE to stay away from any plastic-determined sullying of the
analytes amid the example readiness. Quantitative
investigation was performed utilizing coupled MS as a part of
chose response observing (SRM) mode rotating two move
responses for every compound and their relating 1S. Xiaoyu
Wang et al. decided MEL in milk powder utilizing transient
isotachophoresis (tITP-CE-UV) [19]. After precipitation of
proteins with half ACN, the supernatant was dissipated and
reinstituted in driving electrolyte answer for investigation. By
tITP, a more extended fitting of test was acquainted driving

with a 200-fold change of affectability.
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Table 1: Literature Summary
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Contaminant PM DP Pretreatment Detection method IS SML CDP (mg/kg)
method (mg/kg)
Styrene Plastics | Cheese Milk powder | SPME GC-MS GC-MS LC- | Nitrobenzene - 0.61-0.80
Plastics | Hot milk SPME uv - Migration
PS cup Purge and trap - Migration
BPA PC Milk powder Liquid SPE Micellar LC - 0.19-0.24x103
Can formula Milk SPE LC-ESI-MS/MS LC- | de-BPA S 3
Can Liquid formula SPE ESI-MS d16-BPA 0.48-11x10
Can Liquid formula SPE+derive GC-MS GC-MS d16-BPA d16- 0.6 <1.7, 15_2><10‘3
deri
Can SPE+derive BPA 2 3-12x10°3
2.27-10.2x10°3
<<0.154 DEHP
PVC Raw milk DCM extract GC-TOFMS Heptacosa 3.0 <0.017 DMP
<<0.099 DnBP
Plasticizer [2Ha]-phthalates <64.8x107
DiBP
Board Milk powder ASE GC-MS 0.5 <53.0x10°3
DnBP
LDPE Milk powder ACN extract LC-DAD - BP0.6 Migration
Pls Carton Milk SPE GC-MS - BP0.6 5,3-39x10'3 BP
<0.8x1073
DPBD LDPE Milk powder HX extract LC-DAD - - Migration
LDPE Cheese ACN+HX extract LC-DAD - Migration
BHT Plastics | Cheese ACN+HX extract | GC-MS MM 3.0 Spiked
FCs Paper Butter HX+TFE extract LC-ESI-MS FC-C - Migration
PFCs Milk 178x10°3
Carton Milk powder SPE LC-ESI-MS/MS MPFOA+MPFO | - 3
Yoghurt S 98x10
42x1073
PCDDs/PCDFs | Carton Cow’s milk Pentane extract HRGC/HRMS 13c.uL-PcDD/ - 0.19x1073
PCDF
DiPN P&B Milk powder Ethanol extract GC-MS - - Migration
or human wellbeing. On the other hand, operations
VIlI. RESULT AND DISCUSSION

The migration of contaminants from PM to DP was
investigated. The movement component was talked about.
Since the majority of DP contains high substance of fat,
contaminants relocate effectively. With a specific end goal
to evade this sullying, new PM like consumable movies
have been produced. Since consumable movies have
numerous points of interest like eatable, biodegradable,
contamination free, season holding and gas-barriering, they
were utilized to bundle DP like cheddar. However because
of their high cost and juvenile assembling handle, their
application to bundle DP is entirely constrained. Summary
Natural materials utilized for bundling creation, for

example, paper and board, posture little hazard to the earth

requiring changing over and useful properties might prompt

defilement of pressed products. The most straightforward

and the main viable method to ensure the item against

negative impacts coming about because of movement of

substances from bundling is the utilization of legitimately

chosen materials. This is the reason it is critical to test

substances

discharged from bundling preceding

its

utilization. Since commitment for bundling compliance with

lawful

prerequisites lies with packaging makers and

administrators acquainting the item with the business sector,

expected quality and consistence can be ensured just by

strict supervision of the whole assembling process and it.
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VIII. CONCLUSION

The Operations requiring changing over and useful
properties might prompt defilement of pressed products.
The most straightforward and the main viable method to
ensure the item against negative impacts coming about
because of movement of substances from bundling is the
utilization of legitimately chosen materials. This is the
reason it is critical to test substances discharged from
bundling preceding its utilization. Since commitment for
bundling compliance with lawful prerequisites lies with
packaging makers and administrators acquainting the item
with the business sector, expected quality and consistence
can be ensured just by strict supervision of the whole
assembling process and it. However because of their high
cost and juvenile assembling handle, their application to
bundle DP is entirely constrained. Summary Natural
materials utilized for bundling creation, for example, paper
and board, posture little hazard to the earth or human

wellbeing.
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