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PROCESS FOR PRESERVING FRESH PRODUCE AND COATING COMPQOSITION
THEREFOR

FIELD OF THE INVENTION

The present invention relates generally to the field of preservation of fresh produce and

“more particularly to an edible composition for and a process for preserving fresh pro-

duce.

BACKGROUND OF THE INVENTION

Current techniques for the preservation of fresh produce consist of temperature and/or
pressure treatment or control, wax and similar coating techniques, synthetic polymer

coating techniques, and polymer packaging.

Various coating compositions have been proposed, e.g., a petroleum solvent solution
of a waxy film former and a fungicide (U.S. Pat. No. 4,006,259), a mixture lard, tallow
and lecithin applied in molten state (U.S. Pat. No. 4,207, 347), hydrogenated jojoba oil
(U.S. Pat. No. 4,356,197), a salt of carboxylic acid and an alkyl amine (U.S. Pat. No.
4,532,156), a 3% oil-in-water emulsion of hydrogenated vegetable oil, stearic acid and
an anionic emulsifier (U.S. Pat. No. 4,649,057), the combination of a food acid, an edi-
ble reducing agent and a carbohydrate thickener followed by freezing (U.S. Pat. No.
4,751,091), a denatured proteinaceous solution soybeans, wheat and comn (U.S. Pat.
No. 5,128,159), simultaneously scrubbing and drenching with a liquid containing a fun-
gicide (U.S. Pat. No. 5,148,738), a slurry consisting of by-products of the produce and
certain sugars and acids (U.S. Pat. No 5,364,648), a mixture of a polysaccharide poly-
mer, a preservative, an acidulent and emulsifiers (U.S. Pat- No. 5,198,254), and a light-
activated composition (U.S. Pat. No. 5,489,442),

Some Russian and Japanese publications have proposed the use of polyvin) alcohol
as a gas barrier coating for produce, but few if any of these suggestions har found their
way into the commercial market.
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Various forms of produce packaging are disclosed, by way of example, in U.S. Pat.
Nos. 4,769,262: 5,030,510; 5,093,080;: 5,160,768; 5,427.807; 5,547693;: and
5,675,418.

In the case of bananas, to which the present invention has particular application, the
bananas are harvested in a green, unripened state, washed to remove field debris,
and refrigerated for shipment via "reefer boats" (refrigerated vessels) to point of dis-
tribution. At destination, the gteen bananas are transferred to cold storage ware-
houses where they remain until transferred to temperature contralled ripening roems.
in the ripening rooms, the bananas are expqsed to ethylene gas to trigger the ripen-
10 ing process. Once triggered, the ripening process cannot be halted and the bananas
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must be delivered in real time to retail outlets for sale before the bananas become
overripe, discolored and unsalable. Green tomatoes are treated in a similar fashion.

Coating the produce with a solvent solution of natural wax products will extend their
storage life, but the solvent for the wax can be both expensive and environmentally
hazardous. Consequently, wax coatings have not met with widespread acceptance.

A synthetic polymer coating for bananas, available under the brand name "SEMPER-
FRESH", is based an sucrose esters of fatty acids. The bananas are coated by dip-
ping in a dilute suspension of the SEMPERFRESH product and allowed to dry, which
results in a thin, invisible coating an the surface of the peel. In a study of the effect of
SEMPERFRESH coatings an the preservation of bananas transported under refriger-
ated conditions and stored under non-refrigerated conditions, ripening was found to
be delayed without adverse effect an flavor. However, the coating only allowed stor-

age of bananas at ambient temperatures for about 10 days.

Enclosing bananas in polyethylene bags is also effective. The thickness and porosity
of the packaging must be apprbpriate to the physiological reactions of the fruit. This
results in the creation of a modified atmosphere that slows water loss and respiratory
exchange, but also induces undesirable symptoms due to asphyxia. Here again, the
use of polyethylene bags allows storage of bananas at ambient temperatures for only

a few days.

The compositions for preserving fresh produce developed heretofore have been us-
able only for produce having a peel or rind. Thus, there is a need to develop composi-
tions for preservation of produce that does not have a peel or ring which is typically
removed before consumption.

SUMMARY OF THE INVENTION

The present invention pfovides an edible coating composition for preservation of
fresh produce and a process for using same. The coating composition comprises
chitosan or a derivative thereof, an organic acid and a surfactant. The composition |

useful for prolonging the maturation and ripening process and to increase the permis-
sible storage time between harvest and consumption.

An object of the invention is to provide an improved and economical process: for pre-

serving fresh produce.
Another object is to provide a process for preserving fresh produce that prolongs the
period during which the produce may be stored at ambient temperature without criti-

cal deterioration of the produce.
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Another object is to provide a process for preserving fresh produce that significantly
delays maturation and ripening of freshly harvested produce and therefore prolongs
the duration of time between harvesting and the state in which the produce is in prime

condition for consumption.

Another object of the invention is to provide an edible coating composition the pres-
ervation of fresh produce.

Another object of the invention is to provide an edible coating composition that pre-
serves fresh produce at a storage environment with a high relative humidity. In ac-
cordance with the objectives of the invention, the improved process resides in appli-
cation to the exterior surface of fresh produce of an improved coating composition
comprising an aqueous solution of from about 0.2 to about 3.0 percent weight of chi-
tosan or modified chitosan: from about: 0.01 to about 1.0 percent by weight of organic
acid, preferably acetic acid; from about 0.02 to about 0.1 percent 1 weight of surfac-
tant, preferably dioctyl sodium sulfosuccinate (DSS) or sodium lauryi sulfate (SLS).
Optional additional ingredients include plant growth regulators, antimicrobials,
plasticizers and antifoaming agents.

These and other objects and advantages of the invention will become apparent 1o
those of reasonable skill in the art from the following detailed description.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The following is a detailed description of certain embodiments of the invention which
are presently deemed by the inventors to be the best mode of carrying out the inven-
tion. Drawings are not deemed necessary inasmuch as the following description wili
enable any person skilled in the art to make and use the invention.

As above indicated, the invention resides in the discovery that application o specially
formulated coating composition to the exterior surface of fresh fruits and vegetables,
especially those with an edible skin, significantly delays maturation and ripening of
the fruits and vegetables. This in turn prolongs the duration of time between harvest
and Optimum conditions for consumption so that more widespread distribution of
fresh fruits and vegetables is accommodated. Additionally, the need specialized
transportation and storage equipment and conditions, such as refrigeration can in
many cases be eliminated or at least alleviated.

Pursuant to the invention, the coating composition is preferably and most easily and
economically applied to the exterior surfaces of selected fruits and vegetables by
application of a dilute liquid solution which is subsequently permitted to dry.



10

15

20

25

30

35

40

CA 02570260 2006-12-13

WO 2006/002671 PCT/EP2004/007187

4

The solution is preferably aqueous and comprised by weight percent of from about
0.2 to about 3 percent, preferably about 1 percent of chitosan or modified chitosan,
from about 0.1 to about 1 percent, preferably about 0.2 percent of acetic acid; and
from about 0.02 to about 0.1 percent, preferably 0.06 percent of a surfactant prefera-
bly, dioctyl sodium sulfosuccinate (DSS) or sodium lauryl sulfate. (SLS).

As an example, Chitosan, a modified chitosan (from Primex Ingredients As: New
York, NY) can be used in the present invention.

Organic acids suitable for the present invention include acetic acid, citric aciq, lactic
acid, malic acid, propionic acid and succinic acid. in a preferred embodiment, the
organic acid is acetic acid.

Optionally, the coating may include one or more of the following: a plant growth regu-
lator, an antimicrobial agent, an antifoaming agent and a plasticizer. Suitable plant
growth regulators include, but are not limited to, gibberellic acid, abscissic acid, au-
zin, cytokinins, polyamines, ethephon and jasmonate. Suitable antimicrobial agents
include, but are not limited to, methylparaben, ethylparaben, propylparaben, butylpa-
raben, sodium propionate, calcium propionate, benzoic acid sodium benzoate, potas-
sium sorbate and sodium bisulfite. Suitable antifoaming agents include, but are not
limited to, polydimethyisiloxane and other silicone or nonsilicone agents. Suitable

plasticizers include Tween and glycerine.

As an example the coating composition may also include any or all of from about
0.005 to about 0.01 percent, preferably about 0.0075 percent of gibbereliic acid, from
about 0.05 to about 0.5 percent of antimicrobial, preferably 0.1 percent of methylpa-
raben, a small amount of plasticizer, e.g., glycerin and Tween and from about 0.01 to
about 0.05 percent, preferably 0.02 percent of an antifoaming agent, such as dimeth-

vipolysiloxane.

The concentration of the constituents in water may range from about 0.4 to about 5
percent by weight, i.e., the dilute solution is comprised of from about 95.4 t about

09.2 percent by, weight of water.

The aqueous solution may be applied to the produce in any suitable or customary
manner, e.g., by dipping the produce in a tank or vat of the solution, by spraying the
solution onto the produce, or by passing the produce through a downwardly falling
curtain or waterfall of the solution.

The surfactant reduces the surface tension of the mixture and facilitates the formation
of very uniform and homogeneous coating composition. In addition, it enhances the
ability of the composition to uniformly coat and adhere to the produce.
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The antimicrobial protects the ripening produce from mold and parasitic infestation.
Thus, the antimicrobial is, in most instances, an effective and viable additive.

An antifoaming agent is recommended when produce is being processed commer-
cially. Blending of the constituents of the coating without an agent frequently results
in foaming and a consequent delay in the time of usefulness due to the elapse, of
time before which the foam dissipates and the blended composition is ready for use.
An antifoaming agent reduces foaming and eliminates the delay and is empioy pri-
marily as a matter of production expediency.

While not intending to be bound by any particular theory, it is considered that coating
with the composition of the present invention limits but does not prevent respiratory
exchange, i.e., transmission of oxygen (air) into the produce, transmission of gases,
e.qg., ethylene and carbon dioxide, out of the produce, and water vapor transmission.
This may prolong maturation and ripening process and, in turn, to increase the
permissible storage time between harvest and consumption.

An advantage of the present composition is that the conventional requirement for
refrigeration may either be eliminated or significantly reduced thus making the com-
position economical. The cost savings achieved by reduced refrigeration require-
ments and reduced deterioration losses may cover or exceed the cost of the addi-
tional processing required when the ripening process is initiated, as described below.

When the produce is coated by spraying, the solids content or the composition, pref-
erably should not be exceed about 2 percent by weight, and should preferably b be-

low 1.5 percent by weight.

A typical coating formula is given in Table 1

Table 1
chitosan 1 % (W/W)
acetic acid 0.2% (w/w)
DSS 0,06% (w/w)
gibberellic acid 0.0075% (w/w)
methylparaben 0.1 % (w/w)

polydimethylsiloxane 0.01% (w/w)
water 08.62% (w/w)

The chitosan is the primary constituent for controlling the characteristics of the coat-
ing. The acetic acid reduces the water pH to help the chitosan dissolution during the
coating preparation. The gibberellic acid is a plant growth regulator which: delays



10

15

20

25

30

35

40

CA 02570260 2006-12-13

WO 2006/002671 PCT/EP2004/007187

6

produce senescence during storage. The surfactant reduces the surface tension and
the antimicrobial reduces growth of microorganisms.

To prepare the coating composition, the various components are added to heated
water. The pH of the aqueous solution is then reduced by adding the organ acid. Chi-
tosan or modified chitosan is then added and the slurry is stirred till chitosan dis-

solves.

As an example, the coating solution is appropriately prepared by heating a half
amount of total required deionized water and adding° the antifoam agent, DSS surfac-
tant and methylparaben under agitation. After DSS and methylparaben are com-
pletely dissolved, heating is discontinued. When the temperature of the solution
reaches to about 50°C (123°F), gibberellic acid is added under agitation for about 1
minutes. Acetic acid is added to the solution and then chitosan is added immediately.
The slurry is stirred for a few hours until chitosan is completely dissolved. The re-
maining water is added and mixed. The coating is filtrated to remove insoluble matter
before packing into containers. The final total soluble solids (TSS) ranges from 2.5 1o
2.8 in Brix reflective index, when measured by a refractometer.

In an experimental comparative test of the coating composition of the invention (Ex-
ample 1), first quality fresh green limes were obtained from a local farm. About 200
limes were used for control and another 2001imes were sprayed v the coating com-
position containing 1 % chitosan. All limes were wet-packed in standard carton boxes
and stored in a refrigerator at 60°F and 85 - 90% RH for three weeks. After three
weeks, all limes were removed from the refrigerator and left at ambient conditions
(66°F and 65% RH) for four days. Evaluations for color changes (yellowing) were
made at the end of the three-week cold storage and four-day ambient storage. After
three weeks, most control limes tuned yellow in color, while the coated limes were
almost as green as fresh limes. After 4 days at ambient conditions, almost all control
limes tuned yellow in color, while the coated limes only slightly turned yellow in color.
The coating composition significantly controlled the lime yellowing for up to 2 weeks
at cold storage and up to one week at ambient conditions.

In another comparative test of the coating composition of the invention (Exampie 2),
about two-week old green and firm avocados were obtained from a local fruit distribu-
tor (avocados were imported from Chile). Twenty four (24) avocados were used as a
control and another 24 avocados were sprayed with the coating composition contain-
ing 1 % chitosan. All avocados were wet-packed in carton boxes and stored a
refrigerator at 50 - 55°F and 85 - 90% RH. Evaluations for color and firmness
changes wore carried out after 21 days and 25 days. After three weeks, all control
avocados were soft in texture and the skin turned brown in color, while the coated
ones were still firm in texture and the skin color was green with light brown accent
After 25 days, the control avocados were very soft in texture and dank brown in cc
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the control avocados were very soft in texture and dank brown in cc while the coated
ones were significantly less soft and less brown than the controls The coating com-
position delayed the avocado ripening for about one week at the 1 conditions,

In a third comparative test of the coating composition of the invention (Example 3),
fresh Hawaiian papayas were obtained from a farm in Hawaii. 4 papa: were used as
control and another 4 papayas were sprayed with the coating composition. Controls
and the coated papayas were stored in a refrigerator at 50°F and 85 - 90% RH. |
Evaluations for color and firmness changes were carried out after two weeks and
three weeks. After two weeks or three weeks, the coated papayas were significantly
less yellow in color and more firmer in texture than the control papaya Also the
coated ones had less shriveling than the controls. The coating composition extended
the papaya storage life for more than one week at cold storage.

In a fourth comparative test of the coating compasition of the invention (Example 4),
mature green tomatoes (stage 3, turning stage) were obtained from a local farm. 20
tomatoes were used as control and another 20 tomatoes were coated with the coat-
ing composition containing 2% chitosan. All tomatoes were stored at ambient condi-
tions (70°F and 65% RH). Evaluations for color and firmness change were carried out
after 4 days and 8 days. After 4 days at ambient, all control tomatoes were fully rip-
ened, the skin color turned to red and the tissue turned soft. However, the coated
tomatoes were less ripened than the controls, the skin color and tissue texture were:
substantially less red and less soft than the controls. After 8 days at ambient tem-
perature, the controls were over ripened with deep-red skin color and 1 very soft tis-
sue. While the coated ones were fully ripened, but the skin color and tissue texture:
were significantly less red and less soft than the controls. The coating composition
delayed tomato ripening for up to three days at ambient conditions.

Additional fruits and vegetables that are likely candidates for successful practice of
the invention include apples, pears, bananas, melons, mangoes, pineapples, pian-
tains and stone fruits.
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WHAT IS CLAIMED IS:
1. A coating composition for fresh produce comprising an agueous solution of

from 0.2 to 3 percent by weight of chitosan or modified chitosan, from 0.1 to 1.0
percent by weight of an organic acid, and from 0.02 to 0.1 percent by weight of a

surfactant.

2. The coatirig composition of claim 1, wherein the organic acid is selected from
the group consisting of acetic acid, citric acid, lactic acid, malic acid, propionic acid

and succinic acid.

3. The coating composition of claim 1, wherein the surfactant is selected from
the group consisting of dioctylsodium sulfosuccinate and sodium lauryl sulfate.

4. The coating composition of claim 1, further comprising from 0.05 to 0.5

percent by weight of an antimicrobial agent.

5. The coating composition of claim 4, wherein the antimicrobial agent is
selected from group consisting of methylparaben, ethylparaben, propylparaben,
butylparaben, sodium propionate, calcium propionate, benzoic acid, sodium
benzoate,'.potassium sorbate and sodium bisulfite.

6. The coating composition of claim 1, further comprising from 0.01 to 0.05
percent by weight of an antifoaming agent.

7. The coating composition of claim 6, wherein the antifoaming agent is

selected from the group consisting of silicone and nonsilicone antifoaming agents.

8. The coating composition of claim 7, wherein the silicone antifoaming agent is
polydimethyisiloxane.
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9. The coating composition of claim 1, further comprising from 0.005 to 0.01

percent by weight of a plant growth regulator.

10. The coating composition of claim 9, wherein the plant growth regulator is
selected from the group consisting of gibberellic acid, abscissic acid, auxin,

cytokinins, polyamines, ethephon and jasmonate.

11. A coating composition for fresh produce comprising by weight from 0.2 to 3
percent of chitosan, from 0.1 to 1.0 percent of acetic acid, from 0.02 to 0.1 percent
of dioctyl sodium sulfosuccinate, from 0.005 to 0.01 percent of gibberellic acid, from
0.05 to 0.5 percent of methylparaben and from 0.01 to 0.05 percent of

10 polydimethylsiloxane. |

12. The coating composition of claim 11, wherein the composition comprises 1
percent weight of chitosan, 0.2 percent weight of acetic acid, 0.06 percent weight of
dioctyl sodium sulfosuccinate, 0.0075 percent weight of gibberellic acid, 0.1 percent
weight of methylparaben, and 0.01 percent weight of polydimethylsiloxane.

13 A process for preserving fresh produce comprising the step of coating the
exterior surface of the produce with a coating composition comprising an aqueous
solution of from 0.2 to 3 percent by weight of chitosan or modified chitosan, from
0.1 to 1.0 percent by weight of an organic acid, and from 0.02 to 0.1 percent by

weight of a surfactant.

20 14. The process of claim 13, wherein the organic acid is selected from the group
consisting of acetic acid, citric acid, lactic acid, malic acid, propionic acid and

succinic acid.

15.  The process of claim 13, wherein the surfactant is selected from the group
consisting of dioctyl sodium sulfosuccinate and sodium lauryl sulfate.
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16. The process of claim 13, wherein the coating composition further comprises
from 0.005 to 0.01 percent by weight of a plant growth regulator.

17. The process of claim 16, wherein the plant growth regulator is selected from
group consisting of gibberellic acid, abscissic acid, auxin, cytokinins, polyamines,

ethephon and jasmonate.

18. The process of claim 13, wherein the coating composition further comprises

from 0.05 to 0.5 percent by weight of an antimicrobial agent.

19. The process of claim 18, wherein the antimicrobial agent is selected from
group consisting of methylparaben, ethylparaben, propylparaben, butylparaben,
sodium propionate, calcium propionate, benzoic acid, sodium benzoate, potassium

sorbate and sodium bisulfite.

20. The process of claim 13, wherein the coating composition further comprises
from 0.01 to 0.05 percent by weight of a antifoaming agent.

21. The process of claim 20, wherein the antifoaming agent is selected from the
group consisting of silicone and a nonsilicone antifoaming agents.

22. The process of claim 21, wherein the silicone antifoaming agent is
polydimethyisiloxane.

23. A process for preserving fresh produce comprising the step of coating the
exterior surface of produce with a composition comprising by weight from 0.2 to 3
percent of chitosan, from 0.1 to 1.0 percent of acetic acid, from 0.02 to 0.1 percent
of dioctyl sodium sulfosuccinate, from 0.005 to 0.01 percent of gibberellic acid, from
0.05 to 0.5 percent of methylparaben and from 0.01 to 0.05 percent of
polydimethyisiloxane.
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24. The process of claim 23, wherein the coating composition comprises 3
percent weight of chitosan, 0.2 percent weight of acetic acid, 0.06 percent weight of
dioctyl sodium sulfosuccinate, 0.0075 percent weight of gibberellic acid, 0.1 percent
weight of methylparaben, and 0.01 percent weight of polydimethylsiloxane.
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