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op-Air Delivery
> Designed to create an envelope of cold air around frozen cargo
» Package venting must line up with horizontal air flow

Courtesy of Thermo King



Vigrneeontainer Airflow
Viahagement

Bottom-Air Delivery |
> Package venting must ““““"l'"“”"”””““

accommodate vertical air

flow Bulkhead

Courtesy of Thermo King
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gas emissions

(than corrugated containers)

technology

percent less total energy
percent less solid waste

v' 29 percent less total greenhouse
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(Source: PackagingRevolution.net
white paper, 2012)
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Gas Permeability
In/Max Temperature
- Stress-crack Resistance



‘orations




JJ«J(‘\J

vroorganisms

— Water vapour barrier




CO2
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Time
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igher O, than pork or
poultry




VIARNOrFish and Seafood

it Work?

Jacteriarand enzymes that degrade the flesh
Preten) may or may not require O,

= Remainder of atmosphere
contains O, and/or N, in
product-specific amounts




aplesof IMIAP for

* Product respiratory
quotient ([1C))

— CO,/0, =
20,/0, B Ratio=1

ratiO ( \))J B Ratio=2

B Ratio=4

,/O, = 0.8 for
perforations % 0>



Passive versus active establishing the
Steady state atmosphere
=VACtive IVIAP'=gas flushing before sealing to create
the'expected steady state atmosphere

apid establishment of the modified atmosphere
5 critical for prevention of cut surface browning



1l

EHECISIoRpassiverandiactive atmospheric
oedification on the C
soncentrations wWithin a theoretical MAP.

Passive Atmospheric Modification Active Atmospheric Modification

0 246 8 10 12 14 16 0 2468 10 12 14 16
Days

Adapted from: D. Zagory and A.A. Kader, 1988. Modified atmosphere packaging
of fresh produce. Food Technol. 42(9):70-77.



FIIMS 10

SOIMMONILYpPES

elspropert Ja

FIVIAP |

ystems

or fresh produce MAP and

OTR

(€c/100iin%/day
Material at 77°F & 0% RH) |(CO,TR/OTR) 3 (%)
HDPE 100-200 275-310 3
LDPE 510/0) 2-5.9 250-350
LLPE 50-600 220-340 6-13
A/ 1600-900 150-350 2-10
PP 240 3.3-5.9 325-400
OPP 100-160 200-300 3
BOPP 160 190-265
PET 3-6 275-350 2
PVC 30-600 3.6-6.9 280-340 1-2
(0] 200-350 250-350 1

Adapted from Jenkins and Harrington, 1991. Packaging Foods with Plastics. Technomic

Publishing Co. Inc. Lancaster, Basel.



Biended films: different resins blended to
PrEEUCE a monolayet

Miultila

: multiple film layers joined
together with adhesive or molten polymer



=Also good clarity and sealing characteristics



Eim=Epased IVIAP Systems

b reitlo) = 4.6 OUTS|DE
0, o
»e.g., 4% O, + 3% CO, 02 COZ

INSIDE
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:-'reJ films contain smaII holes that

€05 environment while
maintaining moderate O, levels



VIAP Systems
OUTSIDE

dppreximately one O
» . coO
@5 and CO, move at )

dpproximately the

O
the CO, increase in 2 COZ

the MAP INSIDE
> e.g., 4% 0, + 15% CO,



Viicroporous IVIAP Systems

MVICrepBreus film may be the major
COMPORENT O a package or a microporous
mEmbrane may'be placed over a large

calcium carbonate or silica into the membrane
during the manufacturing process



Viicroporous IVIAP Systems



rates change much more
an film permeability

=iStorage/transport, retail display

ihus, a MAP cannot maintain beneficial
pheres when products are exposed to
ent temperatures



'

REspiIration rate versus temperature:
=Eruits'and vegetables: Q,,=2to 4






jemperature and MAP

iypicali’solutions include:
Design the IVIAP for storage/transport
gonditions and remove the product from the




siderchiainmivielting of Branched
POIVINErSTto Increase Permeation

Bienchecolymers with crystalline side chains

Relativerpermeanility varies with the proportion of
rr\/JFrJJ]Jf |e fraction since diffusion occurs through the

Iting, the crystalline fraction is transformed
orphous phase

ignificantly when the temperature exceeds the
melting point of the lateral chains



CO; Out _ O, In  Passageway

e BreatheWay
Membrane

. “ Start Over

A macroperforation is covered by a
microporous patch coated with a

lew the Bresthella !_,mw} ‘ acrylate polymer mixture that changes

‘3} :~:mk, phase (liguefies) at a chosen

| : temperature

X : . - <

View the BmatheWay ~




gxyEenpemmeanitylor’comb-structured olefin
HOMBPBIyMersicompared to HDPE over a temperature
ENEEIoRONOMORC(Lunardi, 2000. Ph.D. Diss. UF)

Oxygen permeability of olefin homopolymers

400000.0

350000.0

300000.0
z
°
o
;.E 2500000 * Poly-1-dodecene (L37H12)
8 A Poly-1-tetradeceene (L35H14)
[£3
(%]
E 200000.0 » Poly-1-hexadecene (L34H16)
-E » Poly-1-octadecene (L32H18)
E .
& 1s0000.0 | w HDPE (A2407)
B
%
o

100000.0

50000.0

0.0

0.0 50 100 15.0 20.0 25.0 30,0 350 40.0 45.0 50.0

Temperature (°C)

Though retaining a semi-rigid form above the side chain melting point,

these films must be coextruded between films with greater structural
integrity for commercial use.




[fOWaveab

Cooki‘ng is achieved primarily by the steam
generated when water in the package boils rather
than by direct microwave heating of the produce.



Fllm ¢

Film texture (flexible, crinkly)

Anti-tog properties
Rigid packages; reclosable packages
Recyclability, biodegradability
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