009/031992 A1 |00 0 0000 OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization A
International Bureau :

(43) International Publication Date
12 March 2009 (12.03.2009)

) IO O O A0 O

(10) International Publication Number

WO 2009/031992 Al

(51) International Patent Classification:
A23B 7/148 (2006.01)

(21) International Application Number:
PCT/US2007/019277

(22) International Filing Date:
4 September 2007 (04.09.2007)

(25) Filing Language: English
(26) Publication Language: English
(71) Applicant and

(72) Inventor: VARRIANO-MARSTON, Elizabeth

[US/US]; 18 Wilson Rd, Windham, New Hampshire
03087 (US).

(74) Agents: DODDS, John et al.; Dodds and Associates,
1707 N Street NW, Washington, District of Columbia
20036 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,

CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, F1, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

of inventorship (Rule 4.17(iv))

Published:
with international search report
with amended claims and statement

(54) Title: METHOD FOR CONTROLLING BANANA QUALITY BY PACKAGING

BANANABAG
8 |
7. -
6 |--
5 1o [w Polypak ;
4 }m Banavac!
' 7 |8 RMP1
3 =4 - i@ RMP2
=4 (=22 2
7
2. 7
7
1 78
7
Z
0 Z
Days 0 1 2 3 4 5
Fig. 2.

o (57) Abstract: This invention provides a method to control banana quality by providing packaging in laser microperforated banana
bags having registered microperforation arrays to allow for transmission of oxygen, carbon dioxide, and ethylene gases into and
out. The method improves even ripening of the bananas, extends green life and yellow life of the bananas, controls dehydration and
reduces crown mold and pedicle withering of package bananas during transport and storage.

WO



10

15

20

25

WO 2009/031992 PCT/US2007/019277

METHOD FOR CONTROLLING BANANA QUALITY BY PACKAGING

Inventor: Elizabeth Varriano-Marston

TECHNICAL FIELD

The present invention generally relates to a method of packaging fresh fruits, especially
bananas. More particularly the present invention relates to a method to control banana quality

by packaging.

BACKGROUND OF THE INVENTION

The quality and shelf life of fresh produce is enhanced by enclosing them in packaging that
modifies or controls the atmosphere surrounding the product. The technology is referred to
as MAP (modified atmosphere packaging) or CAP (controlled atmosphere packaging).
MAP/CAP provides increased quality and longer shelf life resulting in fresher products for
the consumer, less waste from spoiled produce, better inventory control, and appreciable

overall savings for the food industry at both the retail and wholesale levels.

CAP of fresh produce is just a more controlled version of MAP. It involves a precise
matching of packaging material gas transmission rates with the respiration rates of the
produce. The goal in fresh produce packaging is to use MAP/CAP to preserve produce
quality by reducing the aerobic respiration rate but avoiding anaerobic processes that lead to
adverse changes in texture, flavor, and aroma, as well as an increased public health concern.
For each respiring produce item, there is an optimum O, and CO; level that will reduce its

respiration rate and thereby, slow aging and degradation processes. Different fresh produce

SUBSTITUTE SHEET (RULE 26)
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items have different respiration rates and different optimum atmospheres for extending

quality and shelf life.

Bananas pose a unique challenge in MAP/CAP. There is a complex system for distributing
bananas which involves harvesting the fruit when it is green, packing the green fruit in
cartons, shipping the fruit to distant markets via ocean liners, initiating ripening at the
receiving port by gassing the green fruit with ethylene, and after sufficient time is allowed for

ripening, the fruit is shipped to the wholesale or retail markets.

More bananas are consumed around the world than any other fruit. According to FAO,
worldwide banana exports are valued at over $4.7 billion per year. La.rge volumes of bananas
are grown and harvested in South America, packed in 40 Ib boxes with liners and shipped to
ports in the U.S., Europe, and Asia where they are gassed with ethylene to initiate the

ripening process. Costa Rica and Ecuador are the two largest exporters of bananas.

In order to provide the consumers the best quality of bananas, the producers are constantly
trying to find a technology that would provide maintenance of the green life of bananas
during shipping and on the other hand uniform ripening and long yellow life. Banana green
life and banana shelf life are two competing physiological conditions. By drastically
decreasing the oxygen content green life is greatly increased. On the other hand ripening

requires ethylene gas.

The currently available technology to maintain the green life while shipping includes
depriving oxygen from the bananas. This may take place, for example, by closing the bananas

in plastic bags having low permeability to oxygen.

Several types of plastic bags have been tested with bananas in an attempt to control ripening
and quality. Banavac bags are 1.0-1.5 mil polyethylene bags without holes and are used
when green life extension is needed and on vessels that do not have controlled atmosphere.
Banavac bags must be torn open before the ripening cycle (ethylene gas treatment) can be
initiated, because the gas does not penetrate the bag. The need to rip open the bags before

gassing results in added labor costs. Some Banavac bags have ripcords to make it easier to
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tear open the bags, but easy tear bags do not maintain adequate modified atmospheres

because they leak.

Polypack bags are 0.7 mil polyethylene (PE) bags with holes punched in the bags. This bag
is used in European markets under most conditions. These bags can not be used to delay
ripening of the fruit or to extend the shelf life of bananas because there is no control of the
atmosphere inside this type of bag. Similarly, Tubopak bags have holes punched in the bag

so that no atmosphere control can be obtained.

Patent appllcatlon publications WO 01/92118 A2, WO 03/043447 Al,and EP 1516 827 Al
describe banana packagmg consisting of a polymer-coated microporous membrane applied
over specifically sized holes in the container. The breathable membrane controls the oxygen,
carbon dioxide, and ethylene contents inside the package to control ripening (without opening
the bag) and to extend the shelf life of bananas after ripening. The breathable patch is
generally produced by normal plastic extrusion and orientation processes. By way of
example, a highlyfilled, molten plastic is extruded onto a chill roll and oriented in the
machine direction using a series of rollers that decrease the thickness of the web. During
orientation, micropores are created in the film at the site of the filler particles. Next, the
microporous film is converted into pressure sensitive adhesive patches or heat-seal coated
patches using narrow web printing presses that apply a pattern of adhesive over the
microporous web and die-cut the film into individual patches on a roll. These processes
typically make the cost of each patch too expensive for the wide spread use of this technology

in the marketplace, particularly for cost-sensitive produce items like bananas.

In addition, the banana packer has to apply the adhesive-coated breathable patch over a hole
made in the primary packaging material (bag) during the packaging operation. To do this,
the packer must purchase hole-punching and label application equipment to install on each
packaging equipment line. These extra steps not only increase packaging equipment costs,
but also greatly reduce packaging speeds, increase packaging material waste, and therefore,

increase total packaging costs.

Microporous material can be used only as patches on the packages basically due to two

reasons: 1) high cost of the material and 2) the material is inherently opaque thereby allowing
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inspection of the packed material only when applied as patches. Specifically related to banana
packaging, the microporous material has to be attached only to a limited area in order to be
able to control the atmosphere inside the bag. If the bag would be made fully out of the
microporous material the total OTR of the bag would be much too high, resulting in ambient
air conditions (20.9% 0,/0.03% CO;) inside the bag. This would prevent the controlled

ripening of the bananas and yellow life extension.

An alternative to microporous patches for MAP/CAP of bananas is to microperforate
polymeric packaging materials. Various methods can be used to microperforate packaging
materials: cold or hot needle mechanical punches, electric spark and lasers. Mecha}nical
punches are slow and oﬁén produce numerous large perforations (1 mm or larger) throughout
the surface area of the packaging material, making it unlikely that the atmosphere inside the
package will be modified below ambient air conditions (20.9% O, 0.03% COz). Equipment
for spark perforation of packaging materials is not practical for most plastic converting
operations, because the packaging material is typically submerged in either an oil bath or a

water bath while the electrical pulses are generated to microperforate the material.

The most efficient and practical method for making microperforated packaging materials for
controlled atmosphere packaging of fresh produce is using lasers. U.S. Patent No. 5,832,699,
UK Patent Application 2 221 692 A, and European Patent Application 0 351 116 describe a
method of packaging plant material using perforated polymer films having 10 to 1000
perforations per m* (1550per in?) with mean diameters of 40 to 60 microns but not greater
than 100 microns. The references recommend the use of lasers for creating the perforations,
but do not describe the equipment or processes necessary to accomplish this task. They
describe the limits of the gas transmission rates of the perforated film: OTR (oxygen
transmission rate) no greater than 200,000 cc/ m*-day-atm (12,903 cc O,/100 in*-day-atm),
and MVTR (moisture vapor transmission rate) no greater than 800 g /m*-day-atm (51.6 g
/100 in*-day-atm). However, the OTR of a film does not define the total O, Flux (cc Ox/day-
atm) needed by a fresh produce package to maintain a desired Oz and CO; internal
atmosphere based on the respiration rate of the specific produce item, the weight of the
produce enclosed in the package, the surface area of the package, and the storage
temperature. A 50-micron perforation has a very small surface area (1.96 x 10° m? and a

low O, Flux (about 80 cc/day-atm) compared to its very high OTR (>200,000 cc Oo/m2-day-
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atm). Therefore, one 50-micron perforation would exceed the OTR limit of this invention.
Furthermore, since the microperforations placed throughout the length and width of the
packaging and are not registered in a well-defined area on the packaging, they can be easily
occluded during pack out, shipment or display by produce, adjacent bags, or marketing labels
applied on the package. The result is a wide variability in the gas transmission rates of the

packaging materials.

US patents 6,441,340, 6,730,874, and 7,083,837 disclose a microperforated packaging
material, where the microperforations are specifically tailored in size, location and number
for the specific produce to maintain pre-selected Oz and CO; concentrations. The method to
make registered microperforatioﬁs according to these patents uses a CO- laser and a sensox:

mechanism.

Microperforated packaging material can be used successfully to control the O, and CO,
concentrations inside fresh produce packaging. However, the fact that the microperforations
are through holes or drill holes through the material would suggest that the material is not at
all functional for banana packaging. This is for two reasons: one would expect that the holes
would provide an easy access for microorganisms into the package and secondly, one would
expect that the matertal would not effectively prevent dehydration of the bananas. It also
seems that the packing into bags according to this disclosure have a twofold effect on disease
development: Infections that have occurred after cutting (in the field) and during the
washing/packing operations are unable to develop further due to direct action of high CO;

inhibiting fungal growth, and indirect effect of high H, O reduces the severity of symptoms.

The concern of the access of microorganisms into the banana package is a real one, as one of
the main problems with banana shipping is infection of the bananas by crown rot disease.
Crown rot is a pathological disease caused by a fungal complex (species of Fusarium,
Penicillium and Colletotrichum) and, although infection occurs during harvesting and

packing, symptoms may not be obviously until after ripening.

Accordingly, currently available technologies provide materials for generally packaging fresh
fruits. Moreover, currently available technologies provide materials to specifically pack

bananas for shipping. Even if microporous membranes are capable of controllin g the
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ripening of bananas, there is a clear need for a cheaper technology. Other currently available
banana packaging technologies leave such unresolved problems as uneven ripening, and

exposure of the bananas to post harvest diseases during shipping.

What is needed to address the shortcomings in current banana packaging is an efficient and
less costly system to produce MAP/CAP packaging for bananas. There is a clear need for a
system that would allow for transmission of oxygen, carbon dioxide, and ethylene gases into
and out of the packaging for optimum quality preservation of the bananas in terms of green
life, ripening rate, and extended shelf life. Moreover, there is a need for a system ensuring
uniformity of banana quality with regard to ripening and shelf life. Even further there is a
clear need for a system that would prevent post harvest diseases and retain the fresh weight of

the bananas during transport and storage.

SUMMARY OF THE INVENTION

Accordingly, the method of this invention provides laser microperforated banana bags having
registered microperfbration arrays to allow for transmission of oxygen, carbon dioxide, and
ethylene gases into and out of the packaging for optimum quality preservation of the bananas
An object of the present invention is to provide a package and a method to pack fresh

bananas to improve even ripening of the bananas.

Another object of the invention is to provide means to evenly control green life and yellow

life of bananas.

Yet another object of the invention is to provide a package that controls dehydration of the

bananas while transported or in storage.

An even further object of the invention is to provide a package that reduces crown mold and

pedicel withering of packaged bananas during transport and storage.

Still another object of the invention is to provide a method to insert the bananas into the bags
without breaking the package and thereby loosing the advantage of the specifically designed
bags. '
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The features and advantages described herein are not all-inclusive and, in particular, many
additional features and advantages will be apparent to one of ordinary skill in the art in view
of the drawings, specification, and claims. Moreover, it should be noted that the language
used in the specification has been principally selected for readability and instructional

purposes, and not to limit the scope of the inventive subject matter.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be readily understood by the following detailed description in

conjunction with the accompanying drawings in which:

Fig. 1. Illustrates gas contents (Oz, CO;, and ethylene) inside microperforated banana bags

during storage, before and after ethylene gassing.

Fig. 2. Illustrates ripening cycle of bananas packed in either Polypack bags, Banavac bags or
registered microperforated bags after ethylene gas treatment. Day 0 marks the end of ethylene
gas treatment. The total O, flux of the RMPI1 bags was 47,844 cc/day-atm while the total O
flux of RMP2 bags was 59,805 cc/day-atm.

Fig. 3 illustrates microperforations registered in a 40-1b polyethylene banana bag according to
this disclosure (38.5” wide x 50.5” long x 1.5 mil) at 2 and 26 up from the bottom seal and
19” from the edge. Microperforations are in both the front face and the back face so there are

4 locations (2 front, 2 back) per bag.

Fig. 4 illustrates microperforations registered in a 40-1b polyethylene banana bag according to
this disclosure (38.5” wide x 48" long x 1.5 mil) at 4 locations per side: 2 locations at 1.25”
up from the bottom seal and 12.5” from each side and 2 locations at 26.5” up from the bottom

seal and 12.5” from each side.
DISCLOSURE OF INVENTION

Currently available technology for banana packaging provides solutions that are either

expensive (microporous membrane technology) or insufficient to meet the specific needs
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related to banana ripening (Banavac bags or Tubopac bags). Therefore, this disclosure
addresses these problems and the invention according to this disclosure provides a method to
pack bananas, a method to extend the green life and the shelf live of bananas, a method to

improve the quality of the bananas.

Definitions:

Green life is defined as the period of time from harvest until ripening is induced (naturally or
artificially).

Shelf life of bananas is defined as the time, afier ethylene treatment, until the banana peel
shows sugar spots (color stage 7).

Banana color is described in stages by the ihdustry. A color stage of 3.5 to S is preferred for
bananas placed on sale at retail. At color stage 3, bananas are 50% yellow and 50% green.
At a color stage of 5, bananas are 95% yellow with slight green color at stem and blossom

end.

Registered microperforation'means laser perforations registered in a well-defined area(s) of
the package. Each microperforation has a preferred average diameter between 110 and 400

microns, and more preferably for bananas between 150-235 microns.

In this disclosure, the units applied to the term used in reference to the O, transmission rates
of a packaging material, i.e., "OTR is expressed as cc/m*-day-atmosphere (or cc/100 in’-day-
atm) at 25° C, 75% RH”. In the pressure units, one atmosphere (atm) is 101,325 kg/ms?.
Another unit describing the flow of a particular gas through a packaging material is "Flux",
expressed as cc/day-atm. The Total O, Flux of a microperforated package is the sum of the
O Flux of the base material (e. g. polyethylene) and the O, Flux of the microperforations.
The moisture vapor transmission rate (MVTR) of a material is expressed as g H,O/m*-day-

atm or g/100 in*-day-atm.
The invention is now illustrated further by the non-limiting examples.

EXAMPLE 1. Registered micropefforations provide a package that does not have to be

ripped open to initiate the ripening cycle.
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A small scale study was conducted on packaged 40-1b bananas sealed in registered
microperforated bags. The 1.0 mil polyethylene (PE) bags were 40.5” wide and 48.5” long.
Microperforations (225 microns in diameter) were drilled into the front and back panels of
the bags and were registered at 11.5” down from the open end and 19.5” from either side. The
total O, flux of the bag (base PE film + microperforations) was 61,283 cc/day-atm. The
objective was to monitor the gas composifion inside the bags during simulated ship transport

(3 weeks at 14 C) and after gassing with ethylene for 24 hrs.

Figure 1 shows the O3, CO,, and ethylene (C2H4) contents inside these microperforated
banana bags. After about 24 hrs, the bananas consumed enough O, and produced enough
CO; to create a modified atmosphere inside the bags, i.e, abou't 15% O, and 3% CO,. Levels
of ethylene before gassing were low; ranging from 1-3 ppm. Within 24 hrs of gassing the
fruit with 1000 ppm C,Ha, ethylene content inside the bags rose to about 600 ppm. These
data clearly indicate that ethylene can enter the bags via the microperforations, making it
unnecessary to rip open the bag to initiate ripening. After the ripening room was vented, the
levels of C2H, in the bags rapidly dropped to 150 ppm and then to about 3 ppm during

continued storage.

Concomitant with the surge of ethylene into the bags, respiration rate of the bananas
increases as evidenced by the decrease in O and increase in CO; levels inside the bags.
During this ripening process O- levels dropped to 5-6% and CO; levels rose as high as 14%.
These reduced O, levels and elevated CO; levels will slow ripening rates and account for
slower c;olor development in bananas stored in modified atmospheres compared to those

stored in ambient air.

EXAMPLE 2 Green life of bananas can be increased and ripening delayed by packing

in registered microperforated bag

In order to test whether packing bananas in registered microperforated bags would increase
the green life and delay ripening we conducted this test and compared effects of three

package types.

Forty:]b boxes of green bananas packed in one of three types of bags were held at 18° C. The

bag types were Polypack bag, Banavac bag and Registered microperforated bag with one
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location of microperforations per side. Microperforations were drilled into PE bags (40.5”
wide x 48.5” L x 1 mil thick), registering the microperforations 17” down from the open end
and 19.5” from the side. Front and back panels of the bags had the same number and
placement of microperforations. Registered microperforated bags tested were one of two
total O, fluxes: 47,844 cc/day-atm (referred to at RMP1) and 59,805 cc/day-atm (referred to
as RMP2). The two different O, fluxes were made by varying the number and/or size of the
microperforations drilled into the PE, with the average size of microperforations being 225

microns.

The time required for the first cluster to ripen was recorded. This time was considered the
end of “greer; life” for those bananas. Table 1 shows the green life (days) for bananas packed

in Polypack, Banavac, and registered microperforated bags.

Table 1. Green life of bananas packed in different bags.

Bag Type Average Green Life (days) | Green Life Range (days)
Polypack 21 14-26

Banavac 47 32-59

Registered Microperforated | 33 27-38

Bags

Banana green life and banana shelf life are two competing physiological conditions. By
drastically decreasing the oxygen content in the bag, as the Banavac bag does, green life is
greatly increased; 26 days over bananas held in ambient air (Polypack bags) (Table 1) .
However, unless the Banavac bags are torn open, the bananas will not ripen. In contrast,
bananas sealed in registered microperforated bags showed an increase in green life by 12
days (up to 57% increase) compared to Polypack bananas. Bananas in RMP1 and RMP2

bags gave similar green lives.

Unlike unopened bananas in Banavac bags, during the ripening cycle (ethylene gas treatment)
bananas in the sealed microperforated bags carried on normal ripening to a color stage of 3.5
without opening the bags while Polypack bags reached a color stage of 4.5 in the same time
period as can be seen in Figure 2 Therefore, it is clear that microperforated bags delayed the

ripening of the fruit. Furthermore, unlike the green life results where the O, fluxes of RMP]
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and RMP2 bags had similar effects on green life even though the RMP2 flux was 20% higher

than RMP1, O, flux did affect the ripening rate of bananas as can be seen in Figure 2.

When the gassed bananas were held at 22 C to simulate storage conditions at the retail store,
bananas in Banavac bags did not ripen at all. In fact, Banavac bananas produced soft green
bananas after 4 days. Polypack bananas reached a color stage of 7 after 4 days post-ripening,
compared to bananas in registered microperforated bags which changed to a color stage of 5
after 5 days. Therefore, post-ripening studies show that registered microperforated bags

delay ripening, increasing the shelf life of bananas compared to Polypack and Banavac bags.

EXAMPLE 3. Shipping test shows that microperforations become occluded during

pack-out procedures

Based on the results of the laboratory tests of Example 1 and 2 above, we designed a shipping
test to compare the effects of packing bananas in registered microperforated bags (one
microperforation location) versus packing them in Polypack bags. The PE bag composition,
dimensions, microperforation number and registration location and the total O, flux of the

bags were the same as given in Example | above.

Four pallets of each bag type were packed out in South America and shipped to a U. S. port
for evaluation. Once the bananas arrived at the port, they were placed in ethylene gassing

chambers and gassed for 24 hrs and then placed in storage rooms at 14.4 °C for 8 days.

Table 2 shows the gas contents inside the various packages and the color range developed by
bananas in those packages 8 days after gassing. There was a wide variability in the oxygen
and carbon dioxide contents inside microperforated bags, suggesting that the

microperforations were occluded in some bags during the pack-out procedures.

Table 2. Headspace gas content and color development in 40-1b banana bags 8 days after

gassing with ethylene.

Color Range After 8 days
Box # % 02 !/ % COz

12.9/5.7 4.0-5.0
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1

5 0.5/10.3 2.0-25
3 227104 2.0-25
4 1.2/10.0 25-3.0
5 1.4/102 2.5-3.0
6 0.7/10.2 20-40
7 6.2/8.6 2.0-3.0
g 09/99 2.5-4.0
9 56/79.1 3.5-4.0
10 1.3/93 2.0-25
11 0.5/10.2 20-25
Control Ambient air 5.0-5.5
Control Ambient air 5.0-55
Control Ambient air 5.5-6.0

When the oxygen and carbon dioxide contents inside microperforated bags were 12.9 and
5.7%, respectively, the banana color range was 4.0-5.0 which is 1 to 1.5 units lower than the
range for banana in control bags. The controls were at a color stage of 5.5 t0 6.0. Such
reduction in color stage development by the test bags is desirable if these values are
consistent. However, microperforated bags with oxygen ‘contents of 1% or less and carbon
dioxide contents of 8% or more, produced bananas with color ranges of 2.0 to 2.5, and some
bags with carbon dioxide values greater than 10% produced soft green fruit, an undesirable
situation. Again, the data suggested that the micropérforations were occluded during pack-
out. '

EXAMPLE 4. Location of microperforations on the banana bag affects color

development

In order to solve the problems indicated in the previous example we conducted several

studies to determine the effect of microperforation location on banana color development.
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All bags tested had the same oxygen flux, but different microperforation locations. In some
bags, the microperforations were located in one location near the top center of the bag and on
both front and back panels. In other bags, microperforations were placed in two locations
near the bottom of the bag which would correspond to the location of the side vent holes in
the carton. Bananas packed in these bags were held for two weeks at 14.4 °C before exposing
to ethylene gas ripening cycle of five days. As was demonstrated before, bananas inside
microperforated bags had a color of 2.5 to 3 after the ripening cycle compared to a color of
about 4 for Polypack bags and opened Banavac bags. This demonstrated, once more, that the
microperforations allowed ethylene gas to penetrate the bags and initiate ripening, although
the ripening was delayed compared to controls. Furthermore, Table 3 shows that fruit in
microperforated bags developed color more slowly during after-gassing storage studies at 18°
C. Polypack and Banavac bananas changed from a color of 4 to 5 after 1 day to a color of 6
after 6 days at 18 °C. Bananas in bags with one microperforation location at the top of the
bag had a wide range of colors stages (3.5 to 5 after 6 days), while bananas in bags with two
microperforation locations placed at the bottom of the bag near the carton vent holes showed
more uniform color development, with colors of 3.5-4.0, than bananas in bags with one
microperforation location. In all microperforated bags, shelf life was increased compared to

Polypack and Banavac bags.
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Table 3. Color development in banana clusters 1, 4 and 6 days after gassing with ethylene.

CLUSTER
BAG TYPE DAY % CLUSTERS COLOR
Polypack 1 61% 4.0-5.0
4 81% 50-5.5
6 64% 6.0
1 50% 4.5
Banavac
4 48% 5.5
( 6 60% 6.0
RMP*Bags
I microperf °
location/side at the ! 48% 3.0
tOp \
4 51% 3.0-5.0
6 58% 3.5-50
RMP* Bags
2 microperf
locations/side at the | 1 63% 3.0
bottom of the bag at
the bottom
4 60% 3.5
6 85% 35-4.0

* Registered Microperforated Bag

The need for more than one microperforation location in banana bags was demonstrated in

another ship test of 40-1b bananas packaged in S. A. and shipped to the U.S. Whenever the

microperforations were located only in the bottom of the bag, the bananas in the bottom

portion of the bag (after the ripening cycle) developed desirable color stages while the

bananas at the top of the bag (in the same box) remained green. Conversely, when the

microperforations were located only at the top of the bag, the bananas at the top developed

desirable color stages while those at the bottom remained green. However, with two
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microperforation arrays per side in the bags, one at the top and one at the bottom, more

uniform color development occurred throughout the bag.

When packing the bananas in boxes the bag must be carefully placed in the box so that the
microperforation zone will be aligned with the vents in the bottom and top of the box.
Importantly, boxes where bananas are packed in bags according to this invention can be
stored on pallet for up to two days, because the modified atmosphere in the bags slows the
metabolic rate of the bananas and thus reduces generation of heat. In contrast, boxes with
bananas in Banavac bags must be depalletized and air-stacked because the heat released by

the ripening fruit inside the Banavac bag causes the fruit to become soft.

In order to minimize risk of breaking (puncturing) the microperforated bag, and to provide
cushioning for the bananas, the following method was found preferable for packing:‘ A heavy
weight piece of paper (tunnel pad) is placed in the bottom of the box followed by the plastic
bag. The tunnel pad is perforated in the area that is placed over the vent hole in the bottom of
the box. Banana clusters (concave side down) are arranged in the box in four rows of
approximately five clusters per row. The first row is set next to one of the long sides of the
box, which allows room for the second row to be put on top of the first row but offset to the
opposite long side of the box. The plastic bag is pulled up and over the tunnel pad and this
triple layer of packing material is folded over the first two rows of fruit. This folding creates
a pocket to hold the third row of fruit as well as creating a cushion that reduces bruising.
Similarly, the bag and tunnel pad are pulled over the second and third rows of fruit to create a
pocket into which the fourth row of fruit is packed. The remaining bag material is gathered
together and pushed through the vent hole in the box lid as the upper half of the box is
slipped over the lower half. Air is extracted from the bag with a vacuum cleaner; the bag is

twisted, folded over on itseif and wrapped several times with a strong rubber band to seal it.

EXAMPLE 5. Importance of leak-free seals in maintaining desired gas atmospheres

inside banana bags.

It is important to have hermetic seals in packaged bananas to attain consistent control of the
atmosphere inside. Variable leakage rate at the seal or through punctures in the bags
produces variable results. In this study with 3-b microperforated banana bags, we found that

the method used to close the bag greatly affected the O, and CO; contents inside the bags
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(Table 4). Bags that were tape-closed using a pressure sensitive adhesive-coated plastic tape,
produced mainly leaky bags with O; levels averaging 17%. In contrast, a rubber-band

closure technique where the neck of the bag is twisted, folded over, and secured with a rubber
band yielded an average O, content of 14%. Clearly, better control of the atmosphere inside

the package was achieved by executing a tight seal using the rubber band technique.

Table 4. Effect of bag closure method on headspace gas contents inside 3-1b microperforated

banana bags before ethylene gassing.

Tape Closure Rubber Band Closure
0, CO, Oa CO,
15.6 1.4 15.4 1.5
17.6 0.3 15.0 1.8
17.8 0.2 14.7 2.5
18.1 0.2 13.9 2.1
16.4 1.1 14.3 2.1
16.3 1.2 14.6 2.1
16.0 1.2 9.7 2.3
16.5 I.1 12.4 2.5
17.2 0.4 “15.0 2.0
18.8 0.1 15.1 1.9

Meanz std. dev. Mean= std. dev
17.0+ |1.84+0.5] 14.0% 2.1 £0.3
1.0 1.7

EXAMPLE 6. Effects on ripening and shelf life, and unexpected effect of

microperforations on crown mold and pedicel withering.

Ship Test: Tubopak v. Registered Microperforated Bags for 40-1b Bananas

The objective of this study was to determine the effects of bag type (registered
microperforated v. Tubopack) on the quality of 40 Ib bananas, before gassing and after
gassing. Tubopack bags have 84, 1% diameter holes. Polyethylene bags (1.5 mil, 38.5” wide
x 50.5” long) were laser microperforated with 225-230 micron holes in specific areas on the
bag as depicted in Fig. 3. These microperforated bags had 4 microperforation locations, 2
sets in the front of the bag and 2 sets in the back of the bag. For both the front and the back
of the bag, the first set of microperforations was placed 26 up from bottom seal and the
second set was placed 2 up from the bottom seal. The total O, flux of the bags averaged
82,294 cc/day-atm.
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Once the microperforated bags were filled with bananas and the bag was intertwined among
the different layers of bananas, the bags were sealed by first gathering all corners of the bag

together, twisting them into a “neck?”, folding over the neck, and securing with a rubber band.

Headspace Analysis on Bananas before Gassing: The bananas arrived at a California port
and were discharged within 1 to 2 days. Headspace (02/CO,) readings were taken on
registered microperforated bags approximately 9 days after the bananas’ arrival to the port.
The bananas were stored at 13.3°C before measuring the gas contents inside the bag
headspace. Headspace analysis (O, and CO; contents) was done on boxes on two different

pallets.
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Table 5. Headspace gas readings in registered microperforated bag containing 40-1b bananas

(before ethylene treatment)

Location of Headspace 5
Box on Pallet % 02/%CO,
4M (front) 15.6/5.9
4L (back) 15.7/5.8
4L (front) 16.3/5.5 10
SR (back) 16.4/6.1
5R (front) 151/6.3
5M (back) 15.5/5.8
5M (front) 157/56 2
5L (back) 16.7/53
SL (front) 15.1/6.3
6R (back) 15.5/6.3
20
6R (front) 16.0/5.5
6M (back) 16.5/4.5
6M (front) 13.8/6.8
6L (back) 16.6 / 4.9 25
6L (front) 16.5/5.6
7R (back) 16.3/5.0
7R (front) 14.9/6.7
30
7M (back) 16.7/5.5
7M (front) 154/6.2
7L (back) 16.1/6.1
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Table 5 shows the O, and CO, content of boxes packed with bananas in microperforated bags
before gassing. The readings were very consistent with Oz levels around 16% and COzlevels

between 5% and 7% before gassing with ethylene.

After opening representative control and registered microperforated banana bags, we observed
that bananas in the registered microperforated bags maintained moisture levels better than
bananas in the Tubopack bags. Tubopack bags caused significant moisture loss, and this was
expected since they have 84, 5”diameter holes. Banavac bags don’t have holes so they would
maintain the moisture content. However, they undoubtedly retain too much moisture inside the
bag which could lead to crown mold. The moisture vapor transmission rate (MVTR) of the
microperforated bags is faf greater than that of the Banavac bag. MVTRs of a 1 mil HDPE
Banavac bag is less than 1 g H,O /100 in*-day while the MVTR of microperforated bags is in
excess of 100 g H,0/100 in’-day, regardless of bag thickness. Obviously, water vapor can ready
pass through the microperforations to reduce the concentration of moisture inside the bag. Atthe
same size hole, the more microperforations, the higher the MVTR. The key is to allow some
moisture vapor escape to reduce the growth of mold, but at the same time maintain enough

moisture inside the bag to prevent dehydration.

Headspace Analysis on Bananas after Gassing: Bananas were gassed for 24 hours, at 155C,
and headspace readings were taken. Again, readings were taken from boxes on two different

pallets.



WO 2009/031992

Table 6. Headspace gas readings in registered microperforated bags containing 40-1b bananas

Location of Headspace
Box on Pallet % 0,/%CO;
5
IR (back) 49/21.5
IR (front) 12.8/10.3
1M (back) 3.5/22.3 -
1M (front) 12.7/11.4 N
1T
11 (back) 4.1/28.0
IL (front) 11.4/13.4
2R (back) 1.5/23.5
72/17.5 15
2R (front)
2M (back) 2.9/22.8
2M (front) 6.1/19.0
2L (back 3.0/23.8
(back) 20
2L (front) 5.8/21.2
3R (back) 7.8/15.1
3R (front) 4.8/20.9
3M (back) 3.6/21.3 25
3M (front) 17.4/73.7
31, (back) 4.8/19.7
4R (back) 297215
20
4R (front) 3.7/22.3
4.5/21.7

4M (back)

20

(after ethylene treatment)

PCT/US2007/019277
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Table 6 shows O;and CO, levels inside the 40-1b microperforated banana bags after gassing
with ethylene. The levels of O, varied from < 1% to 17% with most readings between 3% and
5%. The few unusually high O, reading may be due to a poor seal, resulting in an increased flux
of O, into the bag. Those readings with O, less than 1% may be due to microperforation

occlusion.

The levels of CO, varied from 4% to 24% with the majority of the reading between 20% and
23%. We would expect to see a reduction in O, levels and an increase in CO; levels after
gassing, because ethylene increases the respiration rate of the bananas.

It appears that, in this study most of the seals were good, because they were secured with a
rubber band.

After gassing, the bananas in registered microperforated bags were approximately 1.5 stages
behind the control (Tubopack) bananas. Bananas packaged in registered microperforated bags
were not as ripe as controls, averaging a color stage of 2.5 to 3. In addition, bananas in
registered microperforated bags were more uniform in color than control bananas which

averaged 3 to 5 color stage (Tables 7 and 8).

More moisture was maintained better inside the registered microperforated bags than with the
Tubopack bags, and this, undoubtedly, may have helped to prevent withered pedicels during
storage (Tables 7 and 8). Bananas in registered microperforated bags showed no withered
pedicels while controls averaged 9-11% withered pedicels in the light, moderate and severe

ranges.

Based on the data collected during this ship test, the use of registered microperforated bags with
microperforations in four locations (2 in front and 2 in back) helped to eliminate the non-
uniformity of ripening that was observed when only two microperforation locations were used.
The twist and tie rubber band closure technique eliminated many of the “leakers” that were
observed with tape closures. Compared to Tubopack control bags, the benefits of controlling the
atmosphere using registered microperforated bags include: a reduction in the rate of color

development, a reduction in moisture loss, and a reduction in crown mold and pedicel withering
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Table 7. Banana quality in Registered Microperforated Bags after gassing

Crown Mold (%) Withered Pedicels -Color Latex
‘ (%)
Sample | OCA | Clusters L M S L M S
1 2.8 18.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 33.3
2 2.6 19.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 10.5
3 25 1701 00 0.0 00| 00| 00| 00| 2530]| 176
4 2.5 17.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5-3.0 41.2
Average 2.60 17.8 0.0 0.0 0.0 0.0 0.0 0.0 2.5-3.0 254
L: Light, M: Moderate; S: Severe

Table 8. Banana quality in Tubopack (control) after gassing

Crown Mold (%) Withered Pedicels Color | Latex
(Vo)
Sample | OCA | Clusters| L M S L M S
1 3.0 16.0 | 31.3 6.3 18.8 | 12.5 6.3 12.5 3-5| 43.8
2 2.5 17.0| 235 11.8 29.4 59| 17.6 11.8 3-51 23.5
3 3.2 15.0| 20.0 20.0 46.7 | 13.3| 20.0 13.3 3-6 | 333
4 2.8 16.0| 25.0 12.5 0.0 12.5 0.0 0.0 3-51 25.0
Average 2.88 16.0 | 25.0 12.5 234 | 109| 109} 94 3-5| 313
L: Light, M: Moderate; S: Severe
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EXAMPLE 7. Effects of more than two microperforation locations in banana bags on

uniformity of banana ripening

The effects on uniformity of banana ripening of including more than 2 microperforation
locations per bag side was studied in a large ship test from South America. Forty-1b banana bags
(1.5 mil PE, 38.5” wide x 48" L ) were microperforated with 225 micron holes at 4 locations in
the front panel and 4 locations in the back panel. The total O, flux of these bags was the same as
the bags in Example 6 above, i. €., 82,294 cc/day-atm. However, the total flux was divided into
4 microperforation locations/side rather than 2/side as in the previous example. Figure 4 gives

the target locations of the microperforations in'these bags.

Using 4 microperforation locations/side improved the uniformity of banana ripening compared tc
only 2 microperforation locations/side. Bananas in bags with two microperforation
locations/side showed color stages from 2.5-4.0 after ethylene ripening (Table 9). In contrast,
bananas in bags with 4 microperforation locations/ side showed a narrower color range of 3.0-4.(
after ripening. The data also show that color development during storage at room temperature
was delayed by 1 to 1.5 stages for bananas packaged in microperforated bags compared to
control packaged (Tubopack) bananas. Furthermore, bananas packaged in microperforated bags,
unlike those packed in Tubopack bags, did not show dehydration, crown rot, yellow crown and
withered pedicels during storage, indicating an improved shelf life for bananas stored in

microperforated bags.

Table 9. Banana color after ripening and storage at room temperature

Bag Type Days after ripening

0 1 2 3 4
Tubopack (SOP) | 4.0 (Range = 3-5) 5.0 5.5 6.5 -
MP-2 locations 3.0(2.5-4.0) 3.5 4.0 5.0 6.5
MP-4 locations 3.5(3.0-4.0) 4.0 4.5 5.5 7.0

*Note: Dehydration, crown rot, yellow crown and withered pedicel were observed in SOP bag
but not in the MP bags.
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EXAMPLE 8. The weight of bananas to be enclosed in the bag determines the number of

microperforations in the bag and microperforation locations .

For some retail applications, it may be desirable to market a single banana (a finger) enclosed
inside a small microperforated bag. The number of microperforations needed to control the

quality of a single banana in a bag is far less than required by 40-1bs of bananas in a bag.

A study was conducted to determine if registered microperforated bags would be useful in
controlling the quality of single bananas in a 1.25 mil PE bag 3” wide x 11.25” long.
. Four, 150-micron microperforations were drilled into-each side of the bag at a location of 5 up

from the bottom seal. The total O, Flux of the bag was 1920 cc/day-atm.

Naked (no packaging) single finger bananas showed a color stage of 5.0 after the ripening cycle
(Day 0) compared to a color stage of 4.0 for those packaged in the microperforated bag (Table
10). In addition, there was delayed color development for bananas packaged in the
microperforated bag compared to the naked bananas after 2 and 4 days storage at room
temperaturé. Therefore, the microperforated bags extended the shelf life of the single finger

bananas compared to no packaging.

Table 10. Banana color after ripening and storage at room temperature

Type of Packaging Days after ripening

0 1 2 3 4
No Packaging- Naked 5.0 - 6.5 - -
Single Finger Banana
Single Finger Banana 4.0 - 5.0 - 6.5
in MP Bag
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CLAIMS

What is claimed is:

1. A method of packing bananas, said method comprising the steps of:

a) laser microperforating polyethylene bags in at least one specific target area on the bag;
b) providing a box of preferred size and inserting the microperforated bag in the box;

c)‘ inserting green bananas into the bag;

d) extracting air from the bag; and

d) sealing the bag with a rubber band.

2. The method according to claim 1, wherein microperforations are located in multiple areas

of the bag.

3. The method according to claim 2, wherein the microperforations are located in 2, 4 or 6

areas of the bag.

4. The method of claim 3, wherein the miéroperforations are in two locations in front side of

the bag and on two locations in back side of the bag.

5. The.method of claim 4, wherein the bag is suitable for packing 401Ib of bananas and the

microperforations are located 2 and 26” up from bottom seal of the bag.
6. The method of claim 4, wherein microperforation size is between 110 and 400 microns.
7. The method according to claim 6, wherein the microperforation size is 150-235 microns.

8. The method of claim 1, wherein amount of bananas packed in a bag varies between a

single banana to more than 40 pounds of bananas.
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9. The method of claim 8, wherein the microperforations allows total O, flux for packed

bananas within a range of 1000 cc/day-atm to 500,000 cc/day-atm.

10. The method of claim 9, wherein the desired O, flux is achieved by modifying the
number and/or size of the microperforations and the placement and number of target
areas of the microperforations according to size of bag and weight of bananas to be

packed in the bag.

11. A method to pack bananas, said method comprising the steps of:
a) laser microperforating polyethylené bags suitable for packing 401b bananas on two
locations in front side of the bag and on two locations in back side of the bag at 2” and
26” up from bottom seal of the back, said laser microperforation providing
microperforations of size 150-235 microns;
b) providing a box of preferred size and inserting the microperforated bag in the box;
¢) inserting green bananas into the bag;
d) extracting air from the bag; and

d) sealing the bag with a rubber band.

12. A method to increase the shelf life of bananas, the method comprising the steps of:
a) laser microperforating polyethylene bags in at least one specific target area;
b) providing a box of preferred size and inserting the microperforated bag in the
box;
¢) inserting green bananas into the bag;
d) extracting air from the bag; and
e) sealing the bag with a rubber band
f) storing the banana boxes at 14 C; and

g) moving the banana boxes into pressurized ripening room.

13. A method to prevent post harvest contamination of bananas with crown mold, said

method comprising the steps of:

SUBSTITUTE SHEET (RULE 26)
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a) laser microperforating polyethylene bags in specific target areas;

b) providing a box of preferred size and inserting the microperforated bag in the
box;

¢) inserting green bananas into the bag;

d) extracting air from the bag and

d) sealing the bag with a rubber band.
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AMENDED CLAIMS received by the International Bureau on

25 November 2008 (25.11.2008)
CLAIMS

What is claimed is:

1. A method of packing bananas, said method comprising the steps of:

a) laser microperforating polyethylene bags in at least one specific target area on the bag;
b) providing a box of preferred size and inserting the microperforated bag in the box;

¢) inserting green bananas into the bag;

d) extracting air from the bag;

e) sealing the bag with a rubber band; and

f) inducing banana ripening inside the sealed bag by treating with ethylene gas in a

pressurized ripening room.

2. The method according to claim 1, wherein microperforations are located in multiple areas
of the bag.

3. The method according to claim 2, wherein the microperforations are located in 2, 4 or 6

areas of the bag.

4. The method of claim 3, wherein the microperforations are in two locations in front side of
the bag and on two locations in back side of the bag.

5. The method of claim 4, wherein the bag is suitable for packing 401b of bananas and the
microperforations are located 2" and 26” up from bottom seal of the bag.

6. The method of claim 4, wherein microperforation size is between 110 and 400 microns.
7. The method according to claim 6, wherein the microperforation size is 150-235 microns.

8. The method of claim 1, wherein amount of bananas packed in a bag varies between a

single banana to more than 40 pounds of bananas.

AMENDED SHEET (ARTICLE 19)
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The method of claim 8, wherein the microperforations allows total O, flux for packed
bananas within a range of 1000 cc/day-atm to 500,000 cc/day-atm.

The method of claim 9, wherein the desired O, flux is achieved by modifying the
number and/or size of the microperforations and the placement and number of target
areas of the microperforations according to size of bag and weight of bananas to be

packed in the bag.

A method to pack bananas, said method comprising the steps of:
a) laser microperforating polyethylene bags suitable for packing 40lb bananas on two
locations in front side of the bag and on two locations in back side of the bag at 2" and
26” up from bottom seal of the back, said laser microperforation providing
microperforations of size 150-235 microns;
b) providing a box of preferred size and inserting the microperforated bag in the box;
¢) inserting green bananas into the bag;
d) extracting air from the bag;
e) sealing the bag with a rubber band; and

f) inducing banana ripening inside the sealed bag by treating with ethylene gasina

pressurized ripening room.

A method to increase the shelf life of bananas, the method comprising the steps of:
a) laser microperforating polyethylene bags in at least one specific target area;
b) providing a box of preferred size and inserting the microperforated bag in the
box;
¢) inserting green bananas into the bag;
d) extracting air from the bag;
e) sealing the bag with a rubber band
f) storing the banana boxes at 14 C; and
g) moving the banana boxes into pressurized ripening room and inducing banana

ripening inside the sealed bag by treating with ethylene gas.

AMENDED SHEET (ARTICLE 19)
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13. A method to prevent post harvest contamination of bananas with crown mold, said

method comprising the steps of:

a) laser microperforating polyethylene bags in specific target areas;

b) providing a box of preferred size and inserting the microperforated bag in the
box;

c) inserting green bananas into the bag;

d) extracting air from the bag ;

e) sealing the bag with a rubber band; and

f) inducing banana ripening inside the sealed bag by treating with ethylene gas in

a pressurized ripening room.

AMENDED SHEET (ARTICLE 19)
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STATEMENT UNDER ARTICLE 19(1)

Applicant has amended claims 1, 12 and 13 with the step that includes banana ripening
inside the sealed bag by treating with ethylene gas in a pressurized ripening room. The
amended claims 1-13 are not obvious over Varriano-Marston in view of Badran. The
inventive step of this disclosure is in allowing the banana ripe inside the bags by ethylene
gassing without ripping the bags open. This inventive step is described throughout the
original application, for example in Examples 1 and 2.

AMENDED SHEET (ARTICLE 19)
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