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Packaging has heen detined as a socioscientilicdiscipline which operates in society
ooensure dielivery ol goods o the altimete consumer in the best condition intended Tor
their ose, Adso il can be delined as o co-ordinated system ol preparing ooods Tor
trensport distribation, storagce, retailing and end-use. a means of ensuaring sate delivery to
the ultimate consamer in sownd condition aptimizing cost ol delisv ey while maximirzing
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Hois imporanc o distinguish between the words mpackage”™. “packaging™ and

Tpacking.
Fhe package s the physical entity that contains the produc
Focking s the eonclosing of an individual item or several fems in oo package or
conlainer.
lossever, Lhere are 4 levels ol packapes.
al Primary pachage: This is one which is in direct contact with the contained product. It
prosvides the mitial and osually the major protective barriers coes are metal cins.,

paperboird cartons, eluss bottles and plastics ponches.

b Secondary package: A sccondary packave contains a number of primary packages. It
is the physical distribution carrier and is sometimes designed so that it can be used in
retidl outlets Tor the display- ol primany packages. 1. a carton ol evaporated milk,

v Fertiary package: The package s made up ol number ol sccondary packaces ¢.o. q

Carton o] sweets.

dy The A% levely Quaternary package is lreguent]y used o facilitate the handling of
tertiory packages. This is generally a metal container up 1o Hhm in lenath which cuan
Bold miany tertiary packages when being, transterred 1o or rom ships, trains and
Mathaed trocks by gianmt cranes.

Functions of Packasing
Py Packages serve as containers which will permit sate transter ol foad Trom one place (o
the cther unul it reaches the ultimate consumer
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"rotects the food Trom spailage due to microbial action. damage by insects. rodents

and other pests.

Protect the food Trom deterioration due to enviromnental factors like moisture. light

USRI 2L,

Promote the development of quality during ageing or maturation

It promotes convenienee in the use of foods

Prevents the transmission of foreign odours 1o the food or Toss ol aroma from the Tood

ILserves as o vehicle through which the producer communicates to the consumer s
well as vehiele for promotion and advertisement

Serves is i utensil for retention and serving of foads,

PACKAGE ENVIRONMENTS

e packaging aims 1o perform its unction in three different environments and failure o
consider these environments during package development of any particular food can
result 1o poorly designed packace, increascd costs. consumer complaints and even

avatdance or rejection of the proaduct by the customer,

ik

Physical Environment: This is the environment in which physical damage can be
caused to the product. [t includes shocks from drops. falls and bumps. damage from
vibrations arising Irom transportation modes including road. rail. sea and air and
compression and erushing damage arising from stacking during transportation or
~torage i warchouses, retail outlets and the home enyironment.

Ambient Environment: The environment which surrounds 1he package. Damage to
the praduct can be caused as a result of gases {particularly Oy pwater and water vapaor.,
liaht tparticularly UV and temperatures. as well as micro-organisms {hacteria. funei.
molds. yeasts and virusest and macro-organisms (rodents. insects. mites and hirds)
which are everywhere in warchouses. retail outlets. Fxhaust finmes rom automoebiles,
dist ane dirt can also gain entey into Lhe package unless the package acts as an

cltective barrier.

Human Environment: This is the environment in which the pickagc interacts with
people and designing packages Tor this environment requires knowledee of the
variability: of consumer’s capabilities in vision, strength, weakness, memory and
vognitive behaviour. Sinee one of the functions ol the package s 1o communicate. it is
important that the messages on them are clearly received by consumers and the
labeling done sceordingly to the standard stipulated by the Law.



GLASS PACKAGING MATERIALS

Crlass 15 an amorphous inorganic product of fusion that has been cooled 10 a rapid
condition without ervstallization. Although glass is often regarded as svnthetic material.
It wus Tormed naturally from common elements in the carth’s crust. Natural occurring
miterials such as ~obsidian™ (from magma or mollen igneous rock) and tektites (from
mcteors) have compositions and properties similar to those of svathetic glass. pumice is a
naturally occurring loam alass. Although the origin of the first synthetic glasses is lost in
liistory, the first glass vessel was discovered in about 3000 BC. The rechniques for glass
makmg runges from pouring ol malten glass or winding elass threads over a sand mold o
the use ol blowing iron which is a wbe to which red-hot. highly malleable elass adheres.
Blwing through one end ol the iron canses the viscous liquid to halloon at the other end.
leading o the production of hollow glass objects.

By JOUADY articles of glass were in fairly common use in Roman houscholds and by the
lolfowing  1ODO years, glassmaking  techniques have spread over Furope. Further
developments have occurred resulting in the production of a wide runge of gliss
cimtiiners for packaging. The two main types of glass container used in food packacing
are hottles and jars.

COMPOSITION OF GLASS

Ihe basic raw materials Tor glassmaking come trom mines or quarries and must be
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smelted or chemically reduced 1o their oxides at temp exceeding 1500'C. The prineipal

mgredient of glass is silicon derived from sand. flint or quartz, Silica can be meled af

lemp of about 1723"C to Torm fused silica elass which, because of its high melting point

s nsed Tor specialized applications like laboratory olasses.

Lsually silica is combined with other raw materials in sarious proportions o produce
cliss wares with specialized characteristics. Sodium and potassium carbonates falkali
Hives) are usually added to silica in glassmaking in other to lower the Tusion lemperature
and 11s RIHLHHH\

Coand Me carbonates (limestone and dolomite) are usually added as stahilizers which
presents the glass from dissolving in water. Other mgredients added 1o give glass certain
pha sical properties include lead which gives claritv and brillianee although at the expense
ul soltness of the glass, Alumina increases hardness and durability. Addition of abour 6%
barom (o torm borosolicate vlass reduces the le; ichimg of sodium from the elass inte the
T T

As i vonsequence of sodium in gluss being loosely combined in the silica matrix as a
result of the additon of sodium or potassium carbonate 1o reduce the lusion lemperature,
the elass surliace is suhjeet 10 3 forms of corrosiorn, viehing, Teaching and weathering,



Flching 15 characterized by alkall attack which slowly destrovs the silica network.
releasing other components ol the alass,

| caching i~ churacterized by acid attack in which hyvdrogen ions exchange Tor alkali or
uther positively charged mobile ons. The remaining glass principally silica usually

rebanns s mortal integrity.

Weathering s not really o problem in commercial glass packaging application since it
s ke centuries Lo become apparent. However. a mild form of weathering s
commoenty known as surface bloom and may oceur under extended storage period.

Fhe most aggressive solution on glass is double-distilled water at neutral pH 7. The ellect
vl difute acidic solutions 15 much less, the main action being the extraction of sodium
s, which are replaced by hvdrogen ions. The result is a surtace zone where the eluss iy
depleted ol sodium, this dealkulized laver torming a barrier 1o further jonic diftusion. It is
worth noling that the agueous phase of almost all [vod products is acidic,

MANUFACTURING OF GLASS

Muost ol the glass we see around us in our evervday lives in the Torm of hottles. jars or
drinking glusses is known as commercial glass or soda-lime glass. A tepical composition
ol commercial gluss is silica (S10,) 68 73%, caleia (CaO) 10 — 13%. soda (Na(2) 12

I3%a, alumia (ALOY) L3 2% and iron oxides (FeO) (105 (1239, depending on the

vlussmaker and the raw materials heing used.

T M)

Prom the composition given above, the lareest constituent (6% — 73%00 is silica: the
second largest constituent (15 30%) s cullet {scrap or reeveled glass). Originaling as
hetl alass serap from the factory and recveled elass from consumers. Although the use of
cullet can cause problems with the production of some types of glass unless there is food
separation ol coloured glass and removal of associated materials such as libels, The use
ol cullets s ceonomically desirable since less energy s reguired 10 meet cullet than new
i materials, Cullets also reduce the amount of dust and other particulate matter that
ehe accompanices a bateh made exclusively rom new raw materials,



Fhe manulacturing of glass invalves the following

i) Mixing and melting
b} lormmg process

b Anncaling

d) Surface treatments

Mixing and melting

e v matertals are werghed. mixed and charged into a elass-melting furnace. which is
maintained at a temperature of approximately 1300°C. Here they are converted into
molten glass that s chemically homogenous and virtually free from gascous mclusion
thubblesi. The melting process consists of 2 phases: (1) changing the solids into a liguid
aned (21 Iiming or Celearing up™ of the liquid, During the relining process. gases (C0.,
Sthand water vapour) produced by the chemical reaction rise 1o the surface of the
trnace and are removed.

When the molten glass becomes free ol gus (seed-free). it is then ready T fonming, into
continners. [t moves from the furnace into the working end of the furnace where thermal
lmogenization and cooling of the glass to viscosity required for the particular operation
hegin, This point. the temperature of the melt has heen lowered from 1250 [350°C 10
approsimately 1100,

Forming process

he elass is carried from the working end of the turnace o the forming machine in a
channel-like structure called a Torehearth. which is lired by a number of small burners,
the wim heing o ensure uniform temperature distribution throughout the depth of the
tlisss At the end ol the forchearth is a gob-lorming, mechanism consisting ol a rotating
slecve and vertical plunger. The glass exits in a continuous. viscous stream which is cut
noraprdly moving, horizontal steel blades to form what 1s known as a cob (lump or mass

el melten elass)

e process of converting a evlindrically shaped gob of glass into a hottle or jur is called
lorming and it is cssentially o controlled cooling, process using o molding or forming
rrachine which perfivms 2 hasic funetions: shapes the gob into hollow container und
stinltaneously removes heat from the gob o prevent it from detorming signilicantly
under its own weisht.

Twao basic types of processes used in the forming of glass containers are (B & B) i,
Blow and Blow process and the second (P & B) i.e. Process and Blow process. 3 & 13 for
cluss bottles while P & B {or glass jars.
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o and Blow process

Annealing

Atter forming. the glass containers. they are translerred to anncaling oven where they are
. 3 = s E : g . g0

heated o o temperatuee of approximately 340°C, held at this temp Tor few minutes and

then cooled at a uniform rate o produce a stable product by removal of any residual

siress resulting from non unifonn cooling rates during forming and handling.

Surface treatmenis

Ihe strength of a newly made glass container can be rapidly reduced by moisture or
ahrision. and some form of surfiace treatments to inerease the strength is essential, Two
Ipes of surface treatment are applied o glass containers in order 10 modify their

mechanical propertics.

1} Hot-End Treatment

This is typically carried out while the glass container is at 550"C. Here VApor containing
i wr dlimium generallv in the Torm of tetrachloride is brought inte contact with the
vitsade of the container 1o form a thin unimaolecular film of metal oxide. This treatment
prevents surlace damagee while the container is still hot. strengthens the surface and
tiproves the adhesion ol the subsequent cold-end coating.

2) Cold-End Treatment

Ihis is carrted out while the temp of the glass container is =100"C, 1L is designed 1o
protect the container surface and assist its Now through the filling line. [t involves
Spraying an organic material in - an aqueous hase containing cither waves. stearates.
silivenes or oleie acid or polvethvlene on the outside of the container o inerease its
lubricatme by providing a surfauce with a low coellicient of friction,

3 Shrink Sleeves

I shrink slecves treatments. 2 types ol protective materials are used. One is made from
thin toamed PS. the other is made from PVC or I'S. The former offers some thermal
insulation to the container while the latter which usually wraps the hottle from its neck to
the underneath helps e contain the fragments and prevents shattered olass being scatlered
it direction 10 the bottle is dropped.



Characteristics of glass packaging material
Gliss has remained  an important packaging  material  because of such  peculiar
haracteristics as

o Chemical inertness: Glass exhibits a high degree of resistance to chemical attack
eacept hvdrolTuoric acid which attacks it appreciahly, However. the dearee of
inertness is influenced by chemical composition of the glass in other words: some
are more chemically inert than others.

Alsotime and temp ol the attacking reagent as well as contact with other
harzardous clement. I is however known that neutral elasses are more resistant to
chemical attack than alkaline elasses.

»  Non-permeability: Glass is impermeible to all glasses, solutions and solvents, This
s about the strongest characteristic that makes glass the choicest of all packaging
materials, 1L makes it very suitable for packaging hvdroscopic products. Tt also
preserves delicate volatile Navours,

o Strengths The strength of a glass container varies with the tvpe and condition of
the surfice. Tempered glass (anncaled) has greater tensile strength. Smaooth
surfaee glasses have high strength and seratches and bruises on glass surlaces give
raisc 1o appreciable reduction in o tensile strength. These  seratches  and
impertections act as stress concentrators and glass failure or lractures ofien starl
[rom these points on the surtaces and continue outward. The strength and rigidity
ol glass contmners lead them to high vertical stacking.

o Resistance 1w high ternal pressure: Glass s able to withstand high internal
pressures as well as external one and this s because ol ils hioh ricidity and
strength. 10 as heat resistant and has high melting point thus it is ideal Tor both
molst and dry sterilization.

* Optical Propertics: The high degree of transparency of glass provides appetite
exeiting appeal to products. 1he opaque or amber coloured containers provide
appreciable protection o light sensitive products. Towever. the degree of
protection varies with the extent 1o which the gluss excludes light 10 the product
and the rudiation o which the product is sensitive to. Amber colonred e lass
excludes fight below 450nm while green elass excludes lieht o about 330nm
winvelengths.

*  Surlace smoothness: This characteristic makes cleaning casy. This also impacts

some degree of brilliunce to the packaged product which is un asset in marketing
ot 1the product,

Disadvantages of elass materials



i Weight: Tt 1s heavier than most packaging materials thus posing a prohlem in
transportation and handling.

S0 Pragiline: Glass materials are generally fragile and so are highlv susceptible 1o
breakage leading to loss of the packaged product,

s Expense: [Uis more costly than many ol the other packaging materials thus resulting

1o high cost of production.

METAL PACKAGING MATERIAL

Four metals are commonly used for the packaging of foods: steel, aluminun. tin
s chromium. Tine coated on steel. chromium on steel are used s compuosite materials
i the Torm of tin plate and electrolytically chromium-coated steel (ECCs) with the later
referred 1o as tin-free steel (TFS) Aluminium is used in the form ol purified allovs
centaining small and caretully controlled amounts of magnesium and maneanese. 1 wo
ather metals used in metal packaging are lead and copper but are used as soldering or
welding materials in three-picee tinplate and CCS containers,

Manufacture of Tinplate

he term tinplate refers o low carbon mild steel sheet varving in thickness fram
around 013 o AL Smm with a coating of tin between 2.8 19 ZTAIM PCr squire meter (am’
O 2. 5um thick ). on cach surface of the materials. The combination of tin and steyl
Pproduces & material that has good strength camhined with excellent fabrication quitlities
siel as duetility, drawability as well as good solderability, weldability . non toxicity,
hihricity,  lacquerability  and o corrosion-resistant  surface ol bright appearance.
Iurthermore. the tin coating adheres sutliciency to the steel base so that it will withstand
any degree of deformation that the steel is able to withstand without Muking.
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Finplating

Ihe raditional method of tmplating invelves dipping or passing the steel throush o bath
of molten pure tm but this has been replaced since the introduction of ¢lectroplating
process which enables diflerent thickness ol tin 1o be applied to the two surfaces of the
stecls This ditterential tinplate is of cconomic benefit to the user because it enahles the
most cost ellective coating 1o be selected to withstand the difterent conditions of the
mterior and interior of the container,

here are a number of methods ol electroplating but the 2 principal methods are acid
stannous sultate process and halogen process, Plating by either of this method is preceded
by cleaning in a pickling and degreasing unit. followed by thorough washing to prepare
e surtace Tor plating. Adter the plating which is done by electroplating. the coating is
Mo mielted. passivated and then lightly oiled.

Folos f”'n_“.l”.” consists of heating the strip to a temperature above the melting point ol tin

000 27070 followed by rapid quenching in water, During this treatment. a sl
i,‘l!.‘l.‘l[j[} of the tin-iron compound FeSny is lormed: the weight and structure of which
depends on the time and temperature as well as other factors such as the surface condition
ol the steel, The structure and weight of this alloy plavs an important role m several
lorms of corrosion hehaviour. But hecause the naturally formed laver on the surface of
the e will readily grow in the atmosphere ta form a vellow stain cspectally when hicated.
the steel strip is civen a passivation treatment to render its surlace more stave and
resistant to the atmosphere. This involves an eleetralvtic treatment in sodium dichromate
clectrolvie o Torm a lilm consisting of chromium and chromium oxide and tin oxides. the
duantily and form determining the varving degree of properties of the 1ilm.

Ater passivation, the plate is given a light oiline (3 [Omen ) to help preserve it from

tttack and o assist the pussage of the sheets through container- lorming machines withoul

damaging the sofl tin laver. It is essential that the oil used is pernussible for use in food
packaging e.g.is cotton seed oil or dioctvlsehacate and acctyltributyvl eitrate.

e Pmal structure of the completed coating is shown below,

Fypes ol steel produced for subsequent use as tinplate
Composition % (maximum)

Type C© Mn I‘ S Si Cu Application
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Lised where high internal corrosive
! (L13 060 (.015 005 001 006 resistance is regquired ¢z high acid
food coe, Fruit juice

Where mternal corrosion resistance
MR OIE 60 002 005 001 0.20 is nol too eritical ¢.g. mild acid foods
veectables

Used  where  hieh  strength and
rigrdity 1s required e.o. can ends

A 013 00600 0015 005 001 (.06

B 2 1l 002 005 002 020 Used lor severe drawing operations
Loy

FEnamel or Lacquer

Lo elect further protection and diversify packaging application. enamels or lacyuer
might be applicd 1o the tin coating or to the tinless steel hase plate.

Anong the materials used as enamels are plastics. resins, glass and inoreanic onddes. 3y
virsing the chemical composition and combinations of the materials. various specilic
packiging material requirements can be met, There are 2 major types of can enamel used

- Jood package:

L The acid resisting lacquer which is used for can meunt for ligh coloured Toods

' The sulphur reacting Tacquer used in cans Tor vegetables like corns, beans. peas and
et products which contain very little acid but Righ quantity of sulphides from the
denaturation of sulphur amine acids duning heat processing. The sulphides produced
through harmless react with Fe and Cu contained in the tood o produce dark
coloured Fe or Cu sulphide. To prevent this. the eans are couted with lacquer
contiining zine oxide. The zine oxide reacts with the sulphide from the Tood o form
icolourless zime sulphide thus preventing the formation of dark coloured iron or
copper sulphide on the product.

Characteristics of enamel coating lacquer

i Hmust impact no colour or aver to the food

L Imust be aceeptable for contact with Tood under the food additive amendment
program

1 It must protect the can and content during the required shelf lile

I [t must not Make oft the plate during can manufacture or in subsequent storasg

) [ must be nominal in cost, easy (o apply and quickly cured

il [t must withstand all temperature encountered during processing and normal

slMrie,

Aluminum
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Aluminum s the earth’s most abundant metallic constituent comprising 8.8% of the
carth™s crust with only the nonmetals O, and silicon being more ahundant. Aluminum
onide s the only oxide formed by aluminum and is found in nature in different Lvpes ds
cortndunt (ALOL L diaspore (ALO 10, gthhsite (ALLChH 3H.0),

Cuorrently. aluminum is produced by dissolving the aluminum oxides in crvolite in
carbon-Tined steel baxes called pots. A carbon electrode or anode is Towered into the
solutton and an clectric current of 300 150 MA is passed through the mixture 1o the
carhon cathode to produce Os which combine with the anode’s carbon W Torm Cowhile
e aliminum settles to the hottom ot the pot,

Most commercial uses of aluminum require praperties that the pure metal cannol provide
thus alloying with some other metals help to improve the impart strength, improye
formability characteristic and miluence corrosion churacteristics of alwminum

Whalt is sanitary can?

Sanitary cans have also been fabricated from aluminum and these have made substantial
impact in the beer and carbonated drink dustry. Aluminum has a lot of advantases over

[T 2%

L1 Teis lighter in weight and this property ensures reduced transportation cost,

I Iris non tosie and this can be used in direet contaet with foods

Y1 Idaes not form sulphidediscolouration

L Te s corrosion resistant: due 1o aluminum oxide Torm which is responsthle 1w its
resistance o atmospheric corrasion but inside the can where there s depletion of
this oxide. the aluminum is no longer resistant and coatimg with ename] or lacquer
will help to resistant corrosion

20 Aluminum s casy to fold o varving shapes. [t can extruded or rolled 1o van ing thin
sheets.

G Aluminum has higher heat conduetivity than other packaging materials therelore

pertnitling faster freezing and heating operations

Aluminum is impermeable to moisture vapour and vases and gas resistanee and low

Wler vapour ransmission rate is an important requirement in the choice of

puackaging material

I has high reflectivity which provides appreciable insulation value and eyve appeal.

Coatings lower the reflective value hy absorbing some of the incident ravs, The low

emission characteristics of this metal is used to an advantage in Al foil used in cook-

i or heat-in packages of prepared loods. In such foods. it is desired or required thi

e

minimum heat be Jost hefore servine. A major disadvantage o Al is the low
strengthe Al has much less steeneth than tin plate of the same thickness, owever.
this soft and ductility problems are averted by alloving with Mu to attain higher
tensile strength but this has an adverse effeet on its resisiance (o COTTORION.

S Aluminum also very expensive



Metal foils

Mutals like AL Pb und tin have been used tor production of metal foils. But the most
important and commonly used is Al such characteristics as lightness in weight. strength
did compatibiliny with many products make Al the choice metal for toil. They are used in
ickness that range from 0.000025 — (L0023 inch and lor the uncoated foil. the thickness
determines its protective properties. Foils of Tow thickness have microscopic POTES OF pin
holes and soallow imited diffusion of gases and water vapour,

Foils of such low thickness can be improved in quantity by coaling with enamels or

nlisiies,

I"Lastics

Fhese are synthetic or man-made materials produced by the application ol heat and
pressure on some polvmers (resinsy which can then be Tormed into uselul ohjects, The
resins or binder is the essential and central constituent of plastics and 11 15 obtamed from
cither plants or from petroleum refining process as intermediate products.

Resins from vegetublematter can be obtained trom cellulose from cotton. furfural from
ot s, ol Trom seeds and various starch derivatives.

I"lasties s obtained Irom petroleum lollowing the sequence.

i Drilling and transportation of petroleum (o refinery

bi o Crude oil or natural pas is refined into cthane. propance and  hundreds  of
petrachemical products of which fuel and kerosene are inclusive.

Vi Dthane and propane are converted 1o cthylene and propyvlenc using high-temp
fHrnacy

di Catalyst is combined with ethvlene or propylenc to form Tufl (polvmery a powdered
matertal resembling laundry detergent

e Fullis combined with additives (filliers, plasticizers, colourants ete.) depending on
the 1vpe of plastics

e Polvmer s Jed to extruder where it is melted. mixed with the additives and extruded

e The melted plastics is coaled and fed into pelletizer where it is cut into small pellets
wsed Tor molding of plastics into various shapes.

Molding of plastics
IPlistics can be molded into different shapes using the following methods

S Pxtrusion molding: Here a heated plastic mass 1s foreed continuously throuzh a
turming die made in the desired shape, The formed plastics cool under blown air or
in watter bath or harden on a maosvimg belt



2 hgeenion molding: The plastic 1s heated o a semifluid state, 13 squirted into a maold
under great pressure and hardens quickly. The mold s then opened and the parts
releised to produce the plastic molded,
oo Bloss malding: Here pressure is used o form hollow objects cither by direet or
indirect method
Gy Dhirect method: A partially shaped heated plastic fonm 1s inserled into a mold.
Adr s blown inte the form. foreing the plastic form to expand 1o the shape ol
the mold to give the final shape desired

(h) Indirect method: A plastic sheet or special shape 1= heated and clamped
between a die and a cover. Air is Toreed between the plastics und the cover
and this presses the material into the shape of the die to give the final shape

al the desired shape.

lastics

Ihese are synthetic or mun made materials produced by the application ol heat and
pressire on some palvmers and co-polyvmers which can then be formed inlo uselul
abjects, The resin or binder is the essential and central constituent of plastic material, It
determines the physical and chemieal characteristics of the various members of plastic
materiils. 1tds the basic plastic ingredient. [t is usually available i forms of powder,
akes, ground and Tor some purposes liguids,

Plastics vary considerably in chemical constituents and hence propertics. The
stmpler plasties like the elear plastic 1ilm contain about 90 — 95% of the basic resisn and
anlby small wmount ol additives. Some other complex ones contain only 200 30%, ol the
hasic resin and various properties of secondary ingredients such as fillers. plasticizers.
colourants, and other miscellaneous additives. Filled plastics are mainly moulded article
mide From such complex combinations.  The characteristics of soch plastics are
tilluenced by the secondary ingredients added though the propertics can also vany hased
im the chemical constituents.

Certamn characteristics are general to all plastics and these arc

} Fubrication adaptabihity: Most plasties are readily adaptable to mass production

methods. It can also be casily made w O intricate product design and at low
production cost However, some plastic wares of special qualities mav be quite
expensive particularly when lfabricated or procured in small quantitics.
Weight: Plastics have wery low density: when compared 1o most packaging
materials particularly metals and elass. They therefore offer high weight savings
cost. The hight weight together with its strength give the material an edee over
other packuging materials.

1] Corrosion: Muost plastics if not all are immuned to rust and corrosion,
} Insulation: Plastics are poor insulators of heat. however, inost can be burnt and are
susceptible lire harzards.
2 Variety: They can be produced in wide range of variety to suit the need in guestion

example plastics can be produced in o wide range of colours suitable for licht
sensitive produets,

14



0l Disposal: Because of its susceptibility to buming. it can be casily disposed of alter
use by burning.

iy Sability: Plastics e, thermoplastics are not stable 1o heat. they may w arp. shrink
vr creep when subjected to heat. They et relatively soft and hecomes easy 1o
seraleh.

&) Odour: Many plastics have delinite odours, which may be unpleasant and can he
tmpacted into foods.

Ty pes of plastics

Ihere are two tvpes ol plastics. theremosplastics  and thermosetting  polyvmers,
Hhermoplusties are those plastics that do not undereo any chemical change in their
composition when heated and can be moulded again and again by melting under heat and
moulding to desired shape. Thermosetting polymers are those that form bond hetween
polyimers strands when heated creating a tangled matrix that cannot be undone i.e. the
shiape cannat be changed without destroving the plastic, ‘They are tough and remperature
reststant atud can melt to take shape once. atier they have solidilied. they stay solid.

Choer thirty dillerent plastics are used in food packaging but the most common ones are
e polvolefing, polyvinyls and polvesters which are all thermoplastic marerial,

v Commaen examples of polvoleling are polycthylene and polvpropylene.

al Polvethylenc: This s available in 3 grades: low. medium and high densily
polvethvlene. The low density accounts for the bigoest proportion of these
plastics used in puckaging because of its versatility. [t can be extruded inte film.
blown into bottles and injection mould. closures and dispensers.
Polyvethylene has a waxy feel and s relatively mert chemicallv. 10 s almost
insoluble in all solvents at room temperature but with hulmurlmnﬁ and
chlormated hvdrocarbons, Some softening and swelling can oecur. 1t is o elear.
Lugh polvmer with exceptional gas and moisture barrier properties. PLTs ability
to contain CO, fearbonation) makes it ideal use in soft drink hotiles. | mples
of PE T packawes.

1 Low density: Low strength and toughness, Retail units films

i Medium density: Offers clarity and Hexibilitv, 11 s used 1o make
hottles that require flexibility. To take advant: 1ge of its strength and
toughness mn film form. it is used o produce shopping hags. earbage
hags :Il‘tLl codting for milk cartons,

1110 HDPLT: Has very high tensile strength and excellent provective barrier
propertics. 1L is used for some water containers (GIL PEL). Sone
houschold - chemicals and mostly  Tor industrinl - chemicals andl
detergents,

by Polypropylene: This is rigid polvmer used for fabrication ol packages

meant 1o carry load. [t has high tensile strength and i~ similar o
palyethylene chemically, It is ideal for use in caps and lids that have 1o hold

15



tightly on 1o threaded openings. Because of its high melting paint,
polypropylene can be hot-filled with products designed w coal in hottles,
including ketchup and syrup. It is also used for products that need 1o be
incubated such as vogurt, Many storage foad containers or components are
made from PP example botle caps. take-out food containers and cven
drinking straws.

S0 Pobywing | iPolyvinyl chloride or PYCE This provides excellent clarity. punciure
resistance and cling. Chemically it is resistant o weak and strong acids and
alkulines but soluble in esters and ketones. It has moderate barrier 1o moisture and
as a film allows good passage of gases and vapours across it which mukes it ideal
lor packaging of [resh meats that require oxvaen 1o ensure a bright red surfuce
while maintaining an acceptable shell life, Fxamples plastic lood wrap. shrink

Wi el

31 Polystvrence (PS)
This is an inert material that is used for different applications. It is resistant to
microbial arowth and has almost zero water absorption [property. Tt is hight weight
and has low thermal conductivity and excellent cushioning property. In its
crvstalline form. it s a colourless plastic that can be elear and hard, [L can be
loamed 1o provide exceptional insulation  propertics. Foamed  or expanded
polvsivrene is used for products such as meat trays, cge cartoons and cofiee cups.
IEas also nsed Tor packaging and protecting appliances of clectronics and other

sensitive products.

Tovicity

Mlasties are insoluble in water and have relative chemical inertness. Pure plastics
Auonerally have Tow toxicity in their finished state and will pass through the digestive
system with nodll effeet other than mechanical damage or obstruction. Howeyver., plustics
elhlen contain a variety ol toxic additives for example. plasticizers which are often added
Lo hrittle plastics like polyvinyl chloride to muke them phable cnough for use in food
pickaging. Traces of these chemicals can leach out of the plastics when it comes into
vontaet with [ood. Because of this, such plasticizers as di-z-cthyTheny! phthalate mostly
ted in PVC 3 banned for use in PVC packages meant tor food packaging.

Morcover, while the finished plastic may be non-loxic. the monomers used in s
manulacture may be toxic and small amounts of thase chemicals may remain trapped in
the product. Because of this the WO International Agency for Rescarch on Cancer has
recoznizcd the chemicals used in PVC as a known human careinagen.

Fovironmental issues
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Plastics ure durahle and degrade very slowly, the malecular bonds that make plastics so
durable also make them equally resistant to natural degradation process. Becuause ol this
plistics are usually burnt though releases tonic fumes hazardous to health. Plastic
reeveling has been the best way ol managing plastics waste und can also be broken down
L liguid hvdrocarbons which serve as raw material tor manutacturimg ol difterent end
taes However, it can he used in cement plants as a meuans ol generatine tuel.

Paper

Paper s o generic term that refers to all materials derived Trom veeetable or
cellulose fibers. 1t is the oldest packaging material and the most versatile of all packuging
miterials. The packaging characieristics of paper vary considerably with the process ol
manubacture and the additional treatments that the finished paper ix subjected 1o, lor
iatanee, the strength and  mechanical properties of paper usually depend om the
mechanical trewtment ol the cellulose tiber and on the inclusion of fillers and hinding

LT,

Hall” of the fiber used for paper today comes Trom wood that has been purposcly
harvested Jor s use, The remaining material comes from wood [iher from wouod fiber
rome sanwmills. reevcled newspaper. some vegetable matter and recveled  cloth,
Caniterous trees such as spruce and fir, used 1o be preferred for papermaking because 1he
cellulose fibers in the pulp of these species are lomger. therefore making Tor stronger
paper. These trees are called “softwood ™ by the paper industey,

Deciduois trees (leafy trees such as popular) are called “hardwood™ Because of
mereasing demand for paper and Improvements in pulp processing lechnoloey, alimost
s specie ol ree can now be used for paper. However, some plants other than trees are
stitable tor paper-making. In arcas without signilicant forests. bamboo, straw and even
stgarcane can be used for paper.

Ihe manutacturing process

Al Making of pulp: The lirst stuge in manutacturing of papers and boards is pulping.
Several processes are commonly used o convert [ogs 1o wood pulp: and these are:
[ Mechanical process: 1ere ground pulp is produced by mechanical erinding of
woad and this type of pulp produced contains all the compuonents ol the wood
teellulose, Tignin, carbohydrates. resins and gums ). Paper made from this tvpe
ol pulp ds relatively weak and dull compared 1o the alternative chemical
provess.

I the mechanical process, logs of wood are Tirst tumbled in drums to remove
the bark. The logs are then sent to erinders where they are hroken down into
pulp by pressing them between huge revolving slabs. The pulp is then filtered
o remove foreign abjects.
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21 The Chemical process: Chemical pulp is produced by digesting wood chips in
an alkaline (sulphate pulpy or acid (sulphite pulp) solution. followed by
washing. This pulp s a purer form of cellulose as the other components of the
wood are dissolved out during the digestion and are removed during washing,

This process takes place in huge vats culled digesters. The chips are fed into
the digester and then bailed at high pressure ina solution of sodiwn hvdroxide
ind sodinm sulfide. The chips dissolve into pulp in the solution and [rom
henee are taken o lilters where the fibers ure separated from the solution. Al
this stage. bleach may be added or colourings and from here 1s sent o paper
forming machine.

However, some mechanical pulp may be added 1o chemical pulp in paper
manutacturer but such papers are not usually used in direet contact with food,

hy Beating: This is the next step after pulping. 1 he pulp i dilute suspension of water

ts subjected to controlled micchunical treatment i order to split the (ibers
longitudially to produce a mass of thin brils. This enables them to hold together
when the paper is manufactured thus increasing the strength of the paper. The
structure and density ol the finished paper is mainly determined by the extent of
this mechanical treatment.

Ihe beating operation is carried out in a large (b where the pulp is stbyjected 1o
the eflect of machine beaters which pound and squeeze the pulp at the same time,
[Lis at this point that various filler materials can be added such as chalks. cluys, or
chiemicals such as titamium oxide. These additives influence the apacity and other
qualities of the final product. Sizing are also added at this point. Sizing affeets the
way the paper will react with ink without sizing at all. a paper will he too
absorbent for most uses except as a desk hlotter, A sizing such as starch makes the
paper resistant to water-based ink tinks actually rest on top ol a sheet ol paper.
rather than sinking in).

Pulp to paper: There are two types of equipment used 1o produce paper rom pulp.

b Pourdrinier machine: Here a dilute suspension of the pulp s deposited onto a
e woven. meving and vibrating mesh belt. By a sequence of druining
vacuum flration. pressing and drying. the water content ol the flattened pulp
s reduced to 4 - 8% and the network of fibres on the bell is formed inta
paper,

21 Cylinder machine: This is mainly used for manulfiaciure of boards where
combination of different pulps is used. In this machine. six or more wire
mesh eyvlinders which rotate partly immersed in a suspension of cellulose
fiber. help 1o pick up fibers of cellulose and deposit them in Lavers into a
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Types

i)

moving felt blanket where they are drained, vacuum filtered. pressed nto a
sheet and dried 1o moisture content of 4 — 5%,

Finishing: The dried paper can further be processed depending on its ultimate usc.
Paper is fed to large recls where it is smoothened and compacted further hy
passing through metal rollers called calendars. Tt is during [inishing operation that
features Like soliness. dullness. hardness, shiny look can be inparted on the paper.

ol paper used in food packaging

Krall paper: This is made rom sulpate pulp, It is availuble unbleached (brown) or
hleached. [is a strong multipurpose paper used Tor wrapping individual items or
parceling o number of item together. [t may also be [abricated into bags and
multiwall sacks,

Sulphite paper which is made from pulp produced by acid digestion. It is asuin o
genera] purpose paper, not as strong as kralt paper. Tt is used in the Torm | sachets
und bags ¢ oo sacks for our sugar and fruits.

Greaseprool” paper: Made from sulphite pulp that is given severe mechanical
treatment at the beating stage. It is a close-textured papuer that is impermeahle o
ail and grease normally used in cooking and packaging ot haked producis

Veectable parchment paper: This is « unigue paper that is totally natural with
unigue prease and heat resistance as well as permeahility propertics. 1t s produced
by passing paper made [rom chemical pulp through a bath of sulphuric acid. afier
which it 1s washed. neutralized and dried. 1The acid dissolves the surface lavers ol
the paper. thus decreasing its porosity. It is used for packaging of faty foods.

Lissue paper which s light and has an apen structure. [t s used o protect the
surlace of fruits and provide some cushioning.

Wet-strength papers which have chemicals added crosslinked with the fibers of the
pulp. They retain more of their strength when we comparcd Lo untreated one.
They are not used in dircet contact with food but mainly used for outside
packaging of foods.

Wan-coated paper: Are heat-sealable and allers moderate resistinee to water and
water vapour transfer. However. the heat seals are relatively weak and the was
coatimgs max be damaved by abrasion,

Ciher coatings may be applied 1o papers o improve their functionality. hese
inchude many of the polvimer materials which are applicd (o increase the strenoth
of the paper, make it heat-sealable and or improve its barrier propertics,



Paperboards

Ihese are made trom the same raw materials as papers. They are made on the oy linder
machine and consist of two or more layers of difterent quality of pulp with total thickness
ranging from 200 - TT00um. the types of paperboard used in food packuaging including

[

Chipboard; Made from a mixture of repulped waste with chemical and mechanical
pulp. It is dudl grey in colour and relatively weak, 11 is usually avianlahle lined on
one side with unbleached. semi or fully bleached chemical pulp. They are
seldomly used in direct contact with foods but are used as outer carton when the
food is already contained i a film pouch or bag,

Duples hoard: Made from a mixture of chemical and mechanical pulp. usually
lined on hoth sides with chemical pulp. 1t is used for some frozen foods. biscuits
ancd samilar praducts.

Solid white board: The lavers or plies are made from lully. blenched chemical
pulp. 1t s used Tor some frozen foods. Tood liguids and other products reguiring

speciul protection.

Paperboards are available which are coated with wax or polvimer such as
polvethinlene, polyvvinylidene chloride and polvamides, They are mainly used for
packaging wet or fatty foods,

Characteristics of paper packaging

)

)

tr)

Ias appropriate strength, impact resistance and wear resistance
Cood scaling and casy 1o elean property

Gives exeellent shape and fold, easy to use in various processing methods ¢
nicchanized and authomated svstems

e the best printable casy introduction and lundscaping or products
Lower prices. and light weight thus can reduce pickaging costs and transportation

lasy to handle after use, reuse and recveling of used ones thus minimizing
cnvitonmental pollution and conserving resources.

Pachage altects the quality ol foods by controlling the degree to which factors connected
with processing. storage. and handling can act on components ol foads. These Taclors
melude Tight. oxygen concentration. mojsture concentration, heat teansier. contamination.



and attack by hiological agents and the ability of a package to give maximum protection
o thiese depends on good choice selection ot packaging material.

Important considerations to make when selecting a Packaging Material Tor a food
product

Muoeclhmnieal streneth:

Buth fresh and processed foods are susceptible to mechanical damage such as eracking of
cep shell, brutsing of fruits and breaking or crushing of biscuits. These damages many
result feom sudden impacts or shocks during handling and transportation. vibration during
Hansportation and compression during stacking especially in warchouses. Appropriate
pachaging can reduce the incidence and extent of mechanical injury. Sclection of strong
viend packing material such as glass, metal, wood and liber board can reduce damaee due
Lo compression. Inclusion ol cushioning material { tissucs. papers, Toams. plastics) as a
cimponent ol a package can help protect against shocks and vibrations. Restricting
movement ol the product within the package can also help protect against shocks and
vibrations. Restriction ol movement can be dane by skin tight wrapping. shrink w rapping

cruse of shaped containers such a8 coo containers,
I gy

Permeability characteristios:

e depree ol permeability: of o package o water vapor, sases and volatile odor
compounds are important Lactor tor consideration. Foods with high relative humidity will
lend toloss moisture to the emvironment resulting to loss in weight and deterioration in
appearance and textuee. On the contrary Toods with low relative humidity will also tend
b absorh meisture particulurly in high humidity atmosphere leading o loss in quality,
eramples are absorption of moisture by biscuits and food powders such as povdered
milh. custards ete. This can lead 1o loss of crispness. encourage microbial action and
chemical activity,

Mamtaining a partial vacuum in the package (vacuum packaging) or displaying air with
N-or COL (gas packaginghmay extend the shelf life of many foods by creating an
atmesiphere inside the package which has a low O-content.

Ol clusion property:

e ability of o package 1o prevent exist ol erease or oil outside the wall of the package
thereby spoiling the appearance of the pack and passibly spailing the printings and
decorations on the pack is very important. This needs to be considered eapecially Tor fatty

“‘H.H[H_

Pleal conductivity property

A osoed package must be able to withstand changes in temperature which it is lkely to
chivonnter without any loss ol performance or appearance. This is of particular
miportanee when toods are to be heated or cooled in fheir in puckages.

Light transmission property;

Exposure of lood w light can lead to destruction of many food components as vitamins,
fiding of lood colors example the pink pigment {astasantins) and development of ofl
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Laste and favor due 1o rancidity of fats. Abilitv of a package o prevent transmission of
lizht through it is of great importance cspectally when packaging light sensitive foods, To
prevent such changes due o light, packaging material which is opaque can be used or
where the appearance of the [ood is desired. the packaging material mav he colored fo
esclude short wavelengths of rudiation, Example is amber aluss commonly nsed for heer

e kaging,

Clicimicul and Health implication:

Compatibility of the packaging material with the food to he packaged m it is of preat
Ampartanee. The choice ol the packaging material is such that will not allow any health
s toarise as a result of contact of the food with the package nor will permit am
idverse change in the quality of the foodor the mtegrity of the package during storage,

Microbial and rodents considerations:

Chine ol the Tunctions ol a package is to prevent the pachaged food from post process
conbimination as well as aceess 1o hiological factors like rodents. Thus in the choice af
pachaging material Tor foods, it is important that the packaging material should he able o
vhve an eifeetively sealed container that will not permit microbes and rodent accessing
thie packaged food. The material should alsa be such that cannot be eaten up by rodents.

Properties of materials that determine the degree of protection againsi
cnvironmental factors

1) Light-Protection characteristies of the package

e amount of light reflected., absorbed and transmitted by u package goes o long way
b determine the amount of protection it can offer to the packaged food.

Fhe fraction of incident fight transmitted by any given packaging material can he
vansidered to Tollow Beer-Lamberts law
Lo = 1,e™%
Where £, - transmitted light
f,, Incident lisht
¢ bxponential
u - Absorption coctiicient of the material
v Thickness of the materiul
The absorption coeflicient of the material depends on the nature of the material,

However the wotal amount of light absorbed by a food in a package is eiven by the
lollowing formula.



1~ Rf
(1—=RRp

Where £, 15 the intensity of lieht absorbed by the food

e = Tpid D

[0 the intensity of incident light
Lepois the fractional transmission by the packagine material
Rp is the fracton reflected by the packaging material

R 1s the Traction retlected by the tood

Ihe absorbance for both packaging material and the packuged food vary with the nature

it

~the material or Tood as well as the wavelength of the radiation involved. The light

harrier properties of packaging materials can be improved by special treatments like

2)

Glass s moeditied by inclusion ol color-producing agents or by application of
coitings.
Plasties are modilied by incorporation of dyes or by application ol coatings

Permeability of the package:

Hhe provection ol foods Trom gas and vapor exchange with the environment depends
o the antegrity of” the package including  the seals and closures and on the
permeability of the packaging material itself’

I comtrast o packaging materials made fram glass or metal which oller excellent
harriers to various factors that induce deterioration of packaged food. packages made
Irom polymers are permeable 1o varying degrees to small molecules such as guses.
waler vapor, organic vapors and other Jow moleculur weight compounds. |he dearee
ol protection or harrier which they provide to the transfer of low mw molecules
ranges from low to high, Knowledge of solution and transport hehavior af low mw
compounds in polvimeric materials has become important because of their w wlespread

tse i foad packaging.

here are 2 processes by which gases and vapors may pass through polvmeric

niaterials und these are:

(1 Pore cllect: This s the process in which cases and vapers low through
micrescopic pores, pinholes and cracks in the materials,

120 A solubility-difTusion effect: In this case. the gases and vapors dissolve in the
polymer at one surface. diftuse through the polviner by virtue of coneentration
gradient and evaporate at the other surlace of the polvimer, This process is
sometimes described as the true permeability.

When amaterial is sufficiently thin, most polvimers exhibit both forms of permeability,
Porcsity falls sharply as the thickness ol the polvmer is inereased. reaching virtually zero
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with many ol the thicker types of commercially available polvimer materials. Troe
permeability however varies inversely with the thickness.

e coneept ol permeability s normally associated with the quantitative evaluation of the
polvmer barrier propertics. A polvimer with a good barrier has low permeability, In
iddinion o permeability . there are two other mass transport phenomena in a package

svsloeim,

i) Sarption (also called scalping): This involves the take-up of molecules from
the food product { Tavor compounds) into the package,

1) Vhgration which 15 the transfer of molecules oricinally contained in the
packaging materiul fe.g. plasticizers. residual monomers, antioxidants) into the
product and possibly 1o external environment.

heory of permeability

Eder o steady-state: condition. w gas or vapor will diffuse through o polvmer at a
vonstant rate if a constant pressure difference is maintained across the polvmer. | he
diftusion Tux (1) of @ permeant in a polvmer can be defined as the amount of the
purmeint or substance per unit area per undt time.,

fit

Al

o s
= | — ) = molm™", &
N A
Disused o quamtily how fast diffusion ol a permeant oceurs
J :
At &

Where Qs the otal amount of permcant that has passed through an arca (A) during the
Lime (1

[he unit of T s

mol ,
— el Ui
=malm s lor

4

I X

mieHem  Csee™

Lsing i polvmerie material Xonm thick of area A, exposed to a permeant ol pressure P,
v ene side and at a lower pressure Py on the other side as shown helow
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The concentration of permeant in the lirst layer of the polymer is €, and in the last layer
Lan
-‘_ -

1

Sorption ——— - _ == Desorption

Diflusion

he diffusion [Tux of the permeant can be defined as
DI::I:"] - f.l:.IJ
¥

(2)

f ri & T EATI - -
Where D s the diffusion cocllicient (ms™ jol the permeant which reflects the speed al
which the permeant diffuses through the polymer.

e above expression can be rewritien by substituting for I ousing equation (1), Lhis
Becomes
g ¢  Dley—c3)
At &
n[f_‘-] s {i}r-]-! .
[P ey o]
X

his cnables us 1o caleulate Tor the gquantity of permeant which has dillused through
pulyvmer ol area A during a time (1),

However. when the permeant s a gus, it is more convenient to measure the vitpor

pressure iph which s at cquilibrinm with the polvmer. rather than measure the actual

conentrdion. Atsullicient]y Tow concentrations of permeant: (¢} can he expressed as
C=wp.. ... (4

Where s is the solubility coefficient of the permeant in the polvimer S reflects the amount
of perineant in the palyier.

Coming cquation (33 and (). we have

- Dispy — sp)At

DS, — p)A

—:«()_

(5)
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Ihe product (DS) is referred 1o as the permeability coellicient or permeation coefficient
or permeability and can be symbolized with a capital (P).

[ T1s
Plpy — o)At
X

P e (6)
At(py —p,) ;

he term PAxis called permeance which is the total amount of protection allorded hy a
urit arca ol a barrier material,

Notes When the thickness ol polvimer material x is inereased hevond a cerain value.
hecomes ineconomical to increase it further to abtain lower permeahility.

(Question

b palvmerie material (AT with a thickness of 0.3¢m and arca of 32em” was expased 1o a
permeant ts)with a diffusion coefficient of 0.37 x 10"em see™ . 1 the concentration of the
permceant is 2.08mol em™ and (.85 mol em™ on either sides of the material,

Caleulate the diffusion flux of the permeant
Caleulate the quantity of permeant that will pass through the material m 43 sec
§| Caleulate the permeability coelTicient of the permeant given pyoand pooas &5eml e

and Tieml o,

Answers
Hhe diffusion flux is given by the equation

l =)

Substituting for the values piven. we have
0.37 x10°(2.08 — 0.85)

0.5

- - . _1 .-
Answerin 910,200 mol am—s!

| Phe quantiny of permeant is given hy the equation
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DG, — €5)At
18 1)

substituting the vilues given. we have

0.37 x10°(2.08 — 0.85)x 32 x 45
¢= o5

Answer inl 3 10688000mo]

V) [ e permeability coctficient 1s given by
{)x
AP, - Py)

1

substituting the values given, we have
o 1310688000 x 0.5
© 32x45(85 — 77)

Answer S6887.5 x 107 M1 (ST P}clnurn'l.'\:cc"{cml [gr'.

Sate: Fhe unit of permeability coctticient is given as
(quantityofpermeantundersteadystate )(thickness)
{area)(time)(pressuredropacrosspolynier)

10 M(MLatSTP)em

cmZsec(om H, )

. =3
= 107" ML(5TP)cmem ~sec™! ({'?T'I”L.)

PERMEABILITY PROPERTIES OF POLYMERS
[he barrier properties of films depend on the specilic molecular structure of the polvimers
vohved. A structure that provides a good barrier o gases may provide a poor water
vapor hamer. For e.g. a highly polar polvmer that contains hyvdroxy | eroups are excellent
sis barrrers bul poor water vapor barriers. Therr effectivencess as gas barriers 1s reduced
when the polymer is plasticized by water. In contrast. nonpolar hvdrocarbon polviners
such as polyvethvlene have excellent water vapor barrier propertics but poor gas barrier

properties. the later property improving as the density of the polvethy lene inereases.

Dilttission ol a dissolved permeant in a polsmer is viewed as a series ol activated jumps
lrom one defined cavity within the polymer matrix to another. Any agent thatl increases
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the number or size of cavities i a polymer or readers chain segments more mobile can

mereiase the rate of dilTusion,

Lo b o cood-all round barrier material. the polymer must posses

(1) Some degree of polarity such as is found in nitrite. chloride. Muoride ele groups

(23 High chain stiflness: The higher the mobility of the chain sepments of the
palvimer structure, the higher the rate ol difTusion

(33 dnertness w the permeant: The higher the interaction between the permeant and
Lthe polvmer. the higher the rate of diffusion

(1 the type of bending or attraction hetween polvimer chuins: Cross-linking of
polymer chaing restricts their mobility and this decreases therr permeability

1y Close chain: Chain packing ability brought about by molecular svmmetry or
arder. crvstallinity or ortentation, Linear polymers with simple molecular
structure Tead to good chain packing and lower permeant permeubility: than
poalyimers whose structure contain bulky side groups.

Factors affecting S and 1) coellicienis

i Pressure: Increase inpressure results toomerease i permeabihity. and this enly
applics m siwations where there 15 interaction between the permeant and the
polyvmer. But a sttuation where there s no imteration: increise in proessure does not
bring ahout increase in permeahility henee the permeant cannot solubilize and this
canned dittuse.

1 Temperature: This depends more on heat of solution of the permeant £AHs) where
Vs s position., solubility coc inercase bul whereAHs is negative as in the case of
condensation ol vapour. solubility coe deercases with increase in temperature.

Because of the ellect ol temperatuee on S and 1), permeability coellicient of a
polvmer material varies at dilterent temperature for a particular gas. Thus the
permeability coc ol a polvimer can be determined at a particular lemperature using
e equation below:
P = Poexp(—Ep/RT)

Whoere Fpows apparent activation encrgy for permeation

R is the universal gas constant which is 8.3 15/ mol 'k

[ 15 the absolute temperature in Kelvin

Poos permeability of the material at absolute zero

I veneral, the solubility coe increases with inercasing temperature for gases and
decreases tor vapors and the dilTusion coetlivient increases with temperature lor both
sises and vapars, For this reason, permeability coe of different polvmers determined al
one lemperature may not be in the same relative order at othier temperatures.

Calculation
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a1 The permeability coe of a PET plasue bottle 1o CO- at 25"C is given as 1.6x 1l
IMLISTEY cmem see” (emHa) '] Caleulate the value ol B al 435"C piven that kp
kdine

" , M T =t - = :
by Calenlate the guantity of CO5 that permeated the bottle at 43°C for Ssees given the
thickness, arca and pressure gradient across the bottle o ¢ 0.07em. 32em and
0. 7%eml g respectively,

Solutien

I, = Pexp(—Ep/RT.c) ... (1)
P = Pexp(—Ep/RT,:) ... (2)
ising equation {1 and substituting for known values, we have

32,000 )
43142 (473 .+ 25)

Ll = By e;f;_}(—

R o ( _iﬁf”]“ ]
=> 16X — o PP g 314 v 298,

L6l
P, =

12,000 )
8314 x 2498

Cxp (—
P Lox 10 Mexp 132.00048.314 x 298))
. 6507439 x 107

Substituting the vilue of P2, i equation (21 1o aet the permeability coc at 4537C we have

T | 2000
).' ﬁ,_“-”_-'-J,:v-:]}gL [ i) U'\:ij(_ﬂ-%.ﬁ o
ATd

)

P 3360 X 107 ml (S TPy em em™ Sec”! (emllg 'y )

Answer 3.56 X 107 [MLISTP) emem ™ sec(eml To) ']
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3 LT . 2 - = by
2 Lo caleulate the quantity of CO. that permeated within Ssees at 4370 we have

; Ox
AP, — P,)

PALCE, — 1)

¥

) =
Substituting the known values in the equation we have

(3.56 107" x 32 x 5 (0.78)
0.07

- i
Answeer O 3470 maol

PERMEABILITY OF MULTILAYER MATERIALS

Mame foods require more protection than a single material can provide o give the
product its intended shell Tife. Where inereased barrier to gases or moisture vapor is
necessiry, 11 s more ceonomical o incorporate a thin laver or have a multilaver barrier
nraterial than o simply increase the thickness of the monolaver.

Multilaver materials can be considered as a number of membranes in series. Fxample in o
P laver material shown below

XN | X
— > | — —»

0 | 0 [0 [T

B, |Bs [ By | B

Al asteady-state JTux, the rate of permeation through cach laver must be constant. thus
O 0y Oy Qs and the total thickness of the material is
¥p = X, + X+ Xy

Ao total ween of the materal s

a0



| lien the permeability coe tor multilayer material 1s given as
.‘l-:-"lr' ll XE J{-",\l'

.+. et
P P P P

Where ¥, xoand xgare the thickness of the dilferent members that made up the

multfaver.

o Paand Poare their permcability cocthicients

Ixample

Caleulate the wotal Oupermeability at 30°C of a multilaver film with the following

slene e

Polvmer P eoe Thickness (um)
Lapeer | LDPE el 1l
s er? Nvlon 6 (.18 20
[ wver:3 [.1PL 53 St

Solution
I'ermeability coetticient of o multilaver material
O3 . %5 . X

.In'll' .ED: P" P:;

Convverting the tpm) thickness oem
b L 10 m
SOim SN 10 m S 810
lm  100em
LS T T Sy 107 100
S 1 e
s 20

Will give 2 x 10 em

Substituting the given values in the above equation. we have
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(Sr10 D+ 2107+ (521077 x ) 2 s
P p. PP,

(LO05 + 0.002 + 0.005 0005 0002 0.005

+ -
P 55 018 55

0.012 ; i ;
= —5—=9091x107 + 1111 x 107 = 9.091 x 107

| b (LO000vn9 |
| (LOO0H9GY |

ERTAN AN
OLIZ91R2

0012
= .01129182

0.012 o
P — 10627162
0.01129182

PP=1.06x 10" [ML(STP)cmem ™ sec™ (cmH, )™

I this example, the nvlon barrier is providing virtwally all of the resistanee o
permeahility.

ASSEMPTION MADE FOR THE TREATMENT OF PERMEATION THROL GH
POLYMER MATERIAL

Fi That diffusion 1s at steady state or constant rate

"1 The concentration-distance relationship through the polymer is lincar

11 That diftuston takes place m one direction only (no net ditfusion along or across
i}

by That both D and S arve independent of comeentration, This 1s hecause it 15
deseribing a permeahility situation where both polvmer/permeant and
permeant/permeant interactions are weuk relative w polvmer‘polymer mteractions.

TRANSMISSION RATE
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| he permeation ol oreanic compounds (such as flavours. aromas. odors and salvents)y and
wiler vapor through polvimer film is much more complicated than that of 2ases. This 1s
hecause their solubility coellicient and dilusion coeificient are dependent on pressure
and concentration respectively. Meaning that. the higher the pressure or concentration.
e higher the solubility: and dittusion cocellicients and the higher the permeabhility,
Because of this, the earlier treatment ol steady-state diffusion in which 1) and S are
asstnned 1o be independent of concentration does not apply [or these permeants and thetr
dilTiston s delined as transimission rate (1R swhere

g ©

'k = e
Where O 1s the amount of permeant passing through the polymer. A s the arca and ©is
e time. Permeabilities of polvmers to water and organic compounds are often presented
tths e and i the case of water. the term waler vapor transmission rate (WY TR 15
COTNIMON Usige.

Becinse the transmission rate (TR} includes neither pressure of the permeant nor
thickness of the polvmer in its dimensions, it is necessary o indicate cither the pressure
v the concentratiom of the permeant and the thickness of the polvimer. under the
conditions of measurenment.

3 . - i 5 ; = 1 G 3 Sy 1 &
Fhe it of transmission rate is defied as (g/m~24h) while that of permeability of organic
cinnpounds and water vapor 1s the product of the permeance and the thickness of the last
piece. assuming  that  the permeance is  inversely  proportional 1o thickness  for

honnogencous malerials,

s permeability is
Permeancexthicknessoftestpiece

Where permeanceis the rate of rutio ol the water vapor transmission rate 1o the dillerenee
moviipor pressure between the surfaces of the west piece measured in {mm) mercury.,

Flenee permenace 15

Q Q
=4H, = — :
At ® 0 At(AH )

wid permeability is

0 x Ox

"

X
At{AH,) At(All,)

I he anit of permeance is



e 24h mmlly and that of permeahility is given as (gemdm™24h mml L) lor organic

vilpors and waler vapor.

MEASUREMENT OF PERMEABILITY

A) Gas Permeability Measurement

Fhis as based on Dalton’s law swhich savs that the wotal pressure exerted by the gases
present moa constant velume is the sum ol the partial pressures ol each of the gases, The
purtial pressure of any one of the constituent 2ases s the pressure that would result i that
particular gas occupied the same volume by itselt. The rate of permeation of o specihic
sats through a polyvmerie material 15 a function of the partial pressare difterence ot that
wirs across the material and not of the total pressure difference between the two sides.

Lo mcthods for measuring gas permeability are
(11 Pressure increase method

Fns s the ASTM ( American Std tor Testing Materials ) manometrie method  for
mueasuring gas transmission rates and permeability of Mat [ms. In this method. the test
cits normally at Tatm s introduced on one side ol the Qat film or sheet. which is
supparted with a filter paper and scaled with an O-ring. The pressure in the receiving
chamber s measured with an open-ended mercury manometer. Provided that the pressure
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v the high-pressure side remains much larger than that on the low-pressure side. the
pressure differenee remains essentially constant.
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o Pressure measured

Fest ihim
-

= TTIUAN

Test eell

ressure-inereasced methuod

Bia Comeentration mcreascd method

I this method, the total pressure on both sides ol the test material is approx equal and
partial pressure difference across the [1lm with respeet to the test gis Is ereated without o
ilterence intotal pressure. A partinl pressure dilference is maintained by sweeping one
side continuoushy with the test gas while maintaining an inert cas on the other side into
which the test gas dilluses. 1he concentration of the test gas is then measured with time.
brethis method. permeanility of both films and other containers such as bottles. potiches,
tibes ete can be determined,

e lnncenirslion mesnred
—_— —

Pest eell
Coneenteation-inereased method

i3 Volume-inereased method

Lhis s volumetric method in the ASTM Std. Tn the volumetric mcthod. the change in
vilume at constant pressure due to the permeation of zas through the film is measured.
Varable volume permeation cells are used for rapid measurement of relatively high
steady-state permeation rates of dilterent films.

b Dctector film method

ik



| i 15 o new method of measuring permeibility of 1ilms in which a littde cquipment 15
used. In this method. a plastic detector film impregnated with a reagent that is sensitive o
the eas being measured is sealed between two pieees of test film ina cell. so that the
perineation rate of the penetrant gis or vapor 1s measurad.

Lire il Lats an absorption spectruim that changes as the gas or vapor is absorbed and this
siitithle tor spectrophotometric monitornng.

3 WATER VAPOR PERMEABILITY

| e standard method to determine water vapor transmission rites s to place aoquantity off
desiceant in an aluminum dish which is covered with a sheet of the 1est material and
sealed moposition with wax, The dish is then placed ina closely controlled atmosphere
Hepreally either 25 ~0.5"C and 73 + 2% RH for temperate conditions or 38 HOLSTC and 90
Mo RI for tropical conditions and the increase in weight noted as a lunction ol ime,

lves 1 expressed as
WVIR QA

[omsever, a detector film lor measuring transmission rates of water vapor has also been

developed and mouse.

(0 PERMEABILITY OF ORGANIC COMPOUNDS

| e permeahility coctticient of orzanic compounds s highly dependent on concentration.
s 15 because the organic compounds interact with the molecules of the poalyviner Gl
citising them 1o swell which inereases the mobility ol the molecules thus mercasmg
purmneation rate, Because of this, measurement ol the transport rate of organic compounds
deross plastics s more complicated than those of either water vapour or noncondensihle
sises and claborate equipment and sensitive analytical devices are required 1o obiain a

relinhle resull,

HEALTH IMPLICATIONS OF FOOD PACKAGING

Lhe primcipal sources ol lood contamination are olten enlisted as micro-organisim,
derochemicals environmental chemicals, hormones used for animal production and Tood
additives, Tlowever. recent findings have shown that the amount of material migrating
renn dood packaging mto food may well be 100 times higher than that from pesticides or
civranmental pollutants,

I Tood packaging, migration is used o deseribe the transter of substances tfrom package
Lo the food. Substances that are translerred o the Tood as a result of contact or interaction
hetween the Tood and the packaging material are oflen relerred 10 as migrants and those
hince been assoctated with a lot of health issues. The rate of migration of substances into
found s inlluenced by such Tactors as proximity ol contact between the food and
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pachoging material involved. the environmental factors such as temperature. relative

lmidity. ight ete,

Below are some migrants, their sources and their health implication

I MIGRANTS FROM PLASTIC PACKAGIES

{ai Unreacted vinyl chloride monomer: Vinyl chloride is the basic material used
PVC production and it has been shown that the unreacted portion that escaped
polvmerization during production of PVO can migrate into packaged foods thus
causing such problems as cardiac irritation, liver problems and cancer, PVU
applications in Tood packaging include plastic hottles, film. ete. Typical examples
are plastics used lor biscuits, disposal cups (transparent ones) cte.

(i Styrene menomer: Styrene monomet is the hasic material nsed Jor production ol
polystyrene. The unreacted monomers migrate into oods to cause health problems
which are neurological and psychological i nature. 1. ol polyvstarene food
package 1s the foam-like take-away food packs,

Lot Acryvlonitrite (AN] monamer: Acrylonitrite 15 a component ol several polymers
used as tood packaging materials, Fxample is Acrylonitrite-butadiene-stvrene
FABS resins used in many food contact applications where the levels ol the three
monomers in the polvmers ave varied o obtain different prapertics deseribed m the
palvmer material. Acryvlonitrite when migrated into tood can lead 1o disorder ol
the nervous system. damage of red blood cells/iver and can cause mild symptoms
like headache and nausca.

i Plasticizers: These are substances incorporated into plastic materials in order o
inereise its fexihility and processability. Examples of these plasticizers are

(11 phythalate which has been shown to reduce the gquantity and quality of male
Sperm. cause inerease in testicular cancer and also marked as one of the
endocrine  disruptors (chemicals that center the  hody from the external
cnvironnient o mimic or interfere with the human endocrine systemi,

he majority of PVC used in lood packuging does not contain phthalate
plasticizers but minor uses il” phibalates n food packaging including use s
plasticizers in cap lines made from PVC

Phihalates are also used as plasticizers in printing inks where the assist
adhesion of the ink to the packaging material and improve the ink’s Nexibility.
Although. the inks are generally applicd on the outer surface ol the packaging
materials and therefore are not in direct contact with the food. it has been
shown that they can migrate through the plastic layver to the foed

is



{2) Aceryltributy] citrate: This is also a plasticizer used in plastie films. (ATBC)
migration into o varicty of foods when plasticized [ilms are used for normal
domestic applications including cooking and reheating of meals in microwave
oven has been proved. 1 health associated to this compound includes irritation
and swollenness ol skin as well as retardation of 10).

{3) Epoxidized sov bean oil: Lpoxidized seed and vegetable oil such as epoxidized
sov bean oil oare widely used  as multifunctional  additives  exhibiting
plasticizing, Inbricating and heat stabilizing properties. Epoxidized sov bean
oil is contained In PV paskets used as liners lor glass caps. As of present does
not hivve any potent health effects.

fel Antionidants are used m polymer maternials to prevent degradation of the polymer
as a result ol s reacuion with atmospheric 0, or when used in contact with hot
foods. They are also used to prevent embrittlement during storage. Examples ot
antioxidants in use as BHT and BHA (Butylated hydroxyl ansol). These are
associated o cancer. asthma and behavioral issues especially in children.

(1 Odors and  Taints: Taints are unpleasant odors or Havours imparted to food
through external sources while off-lavors (odors) ure unpleasant odors or Havours
imparted e tood through miernal deteriorative change oceurring in the food.

Because ot the complex structure and chemical composition of package syvstems. a
varicty ob chemical reactions can occur during package manutactire and use.
[hese  reactions oceur between  some packaging  components  with - other
compuonents acting as catalyst resulting in the formation of compouands with low
ador thresholds, These compounds can then migrate through the material during
storage and slowly diffuse e the produce or package headspace. This may not
have dircet health implication but can lead to Jow acceptability ol the packaged

IRSIUR

Some ol the odor compounds  in plastics are toluene, stvrene  monomer,
polvoletins, acetaldehyvde, allvl alcohol and acrolein.

I MIGRATIONS FROM METAL PACKAGING

W lren tnplate was Hirst used 1o make containers Tor food over T30 vears azo, many cases
ol food potsoning. apparently due to ingestion of excessive amounts ol metal. oceurred.
e it was recommended that tinplate should be forbidden for the making of vessels in
wlich articles of food are 1o be preserved in. However, the quality of tinplate has ercutly
improved since those days, and foods which are likelv o attack tin are packaged in
tinplate containers with an appropriate enamel or lacquer coating. However, these enamel
veatimps are not as safe as one may think because ot the [ollowing.



Il

fih Bisphenol A: This is o known environmental estrogen that 15 used as the monomer
e manuliacture polvearbonate resins used as hiners for food cans. This compound
hias been shoswn o interlere with sex hormones in hoth man and woman.

th Lead: Lead is o natural contaminant of tin as the clements co-exist i the are.
Becouse of this there 15 a level ol Tead o un plate. Other source ol Jeud mometal
can 15 from paints (lead-based paints) and soldering arcas of three-piece cans
which serve as point of entry 1o the [ood.

Alsotin capsules used on wine hottles can also be another source of lead mto food
(drinks). Lead migration from glass decanters into alcoholic beverages s another
souree ol contumination.

I.cad is potsonous and cun result o death depending on the level of intake or can
result to damage of some vital organs

ich Antimony: This is a potential toxic trace element detected in [oods and drinks
packaged i PET. This s because o 1s ased both as an additive and as a catalvst in
the munulucture ol PET. This s assoctated 1o merease i blood cholesterel and

decreise m blood suear,

(dy Alumimum: Though Al is deemed to be GRAS, 1118 not a part of any known
amimal - metabalic process. nocontrast 1o a great many less common metals
mvalved in enzymes and other metabolic processes. ligh level off Al has been
attributed Lo various disorders such as microcy e anemia ete.

Chronnume [n the processing ol tinplates. tin layer usoally undergoes a chromium
treatment known as passivation in order to make it more resistant to oxidation and
improve enamel adhesion. However, this compound can dissolve in the packaged
food leading 1o contammation, though as of present no ill-ellect has heen

[

attributed o this compound.,

Fpoxy Resin Coatings: ‘These are thermosetting resing used as can enamels. These
commpounds contain 2 or more eposide groups per molecule and are lormed by
condensation of epichlorohydrin and Bisphenal A, Thus causing il health problem

associated to Bisphenol A,

MIGRANTS FROM PAPER PACKING

Fhe migrants from paper include

Lk Dioxans: This s g compound formed during the bleaching process of pulp where
chlorine 15 used. This can also migrate into packaged  foods 10 cause
contannations which can lead wall health.

tn) Benzophenone: This results from ks, vanishes, lacquer ete that are cured with
LAV light on papers. Benzophenone is used as photeinitiators: for inks and



(a) Bisphenol A: This is a known environmental estrogen that 1s used as the monomer
o mandicture polvearbonate resing used as liners Lor food cans. This compound
has been shown o interfere with sex hormones in both man and woman.

(hilead: Tead is a natural contaminant of Gn as the elements co-exist in the or,
Hecause of this there is a level of lead in tin plate, Chther source ol lead m metal
can is from paints (lead-based paints) and soldering arcas of three-piece cans
which serve s poin ol entry tothe Tood.

Also tin capsules used on wine bottles can alse be another source of lead into foad
tdrinks ), Lead migration from gluss decanters into alcoholic beverages is another

sourey gl contanination,

I.cid 15 poisonous and can result to death depending on the level of intake or can
result to damage of some vital organs

ter Antimony s This s o potential toxie trace element detected o foods and drinks
packaged m Pl This s because 10 s used baoth as an additve and as o catalyst i
the manufacture of PET. This s assoctated 1o inerease in blood cholesteral and

decrease in blood sugar.

(b Aluminom: Though Al 15 deemed to be GRAS. it 15 not a part of any known
animal metabolic process. in contrast o a great many less common metals
myalved in enzymes and other metabolic processes. High level of Al has heen
attributed o various disorders such as microcylic anemia ete.

fed Chraminm: I the processing ol tinplates, tin laver usually undergoes o chromium
reatment koown as passivation i order 1o make 10 more resistant o oxidation and
improve enamel adhesion. However, this compound can dissolve in the packaged
lood leading o contamination, though as of present no ill-effect has been
attributed to this compound.

(1 Epoxy Resm Coalings: These are thermosetiing resing used as can enamels. These

compounds comtamm 2 or more epoxide groups per molecule and are Tormed by

condensation of epichlorohydrin and Bisphenol Ao Thus causing i1l health problem
associated o Bisphenol AL

111 MIGRANTS FROM PAPER PACKINCG

I he migrants from paper include

Lad [Hexims: This is a compound formed during the bleaching process of pulp where
chlorime 15 wsed. This can alse migrate  into packased  foods 1o cause
contaminations which can lead to il health.

(o) Benzophenone: This results from inks, vanishes. lacquer ete that are cured with
A light on papers. Benzophenone is used as photoinitiators for inks and
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varnishes‘lacquer as well as drving catalyst. wetling agent for pigments and acts as
reactive solvent to inercase inks flow, This also migrate into packaged lood 1o

Cilse eontimination.

(o) N-nitrosomorphaline (NMOR) and marpholine (MAR) are confaminants ol paper
originating from the environment and from the corrosion inhibitor used n the
manulacture ol paper and paper board. These compounds when ingested are
converted to nitrosamines which is known 1o be carcinogenic,

R MIGRANTS FROM GLASS PACKAGING

Cilass is highly resistant toattack by any chemical and thus results o insignificant
migration of compounds to packaged foods.

|owever. migration into foods packaged in olass material can come from the closures
where paper. pulvmer material and adhesives are used which serve s sources of nugrants

o e Lowsds,

1LOCAL PACKAGING MATERIALS
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varnishes Jaequer as well as drving catalyst, wetting agent for piements and acts as
reactive salvent to nerease inks low. This also migrate into packaged food 10
Cause contimination.

fed N-nitrasomorphaline (NMOR) and morpholine {MAR) are contaminants of papcr
originating from the environment and {rom the corrosion inhibitor used in the
manutacture of puper and paper board, These compounds when mgested are
converted to nitrosamines which is known 1o be carcinogenic.

v MIGRANTS FROM GLASS PACKAGING

Crlass is highly: resistant to attack by any chemical and thus results 1o nsignificant
miarition of compounds to packaged foods.

Henvever, migration into foods packaged in glass material can come from the elosures

where paper, polvmer material and adhesives are used which serve as sources of migrants

o e Toods.,

LOCAL PACKAGING MATERIALS

@eco

Food packaging (FST 511) By Department of Food Science Technology, FUTO is
licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License.
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