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Background

* Approached by the Florida Strawberry Growers Association to
evaluate It’s Fresh!, a novel method for removing ethylene gas in
consumer packages of strawberries and other produce.

* It’'s Fresh! has been reported to show potential for extending
postharvest life of strawberry by reducing softening, darkening and
decay (Elmi et al., 2013*).

* Since 2012, It's Fresh! package inserts have been used in multiple
fruits, including: strawberries, stone fruit, tomatoes, avocados, pears,
and cherries in both the U.K., and in the Americas.

*Elmi, F,, K. Cools, and L.A. Terry. 2013. The use of It’s Fresh! ethylene remover technology with e+® Active
as a practical means for preserving postharvest fruit quality. Acta Hort. 1012:1205-1210.
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A novel paliad am-promofed meolife material with a significant etiplens adwrpion capacily
aif room femperatune 15 descrihed If was characfenived by diffuse refleciance mfrared Fourier
frangform speciroscopy (DRIFTE) and ransmission eleciron microscopy (TEM) o show
paladium parficles dispersed over the support. fnifal megarenents of the offiplene advorpgon
capacily were conducted with a synthefic gax stream af a higher ethylene concentration
Ham woukd norma Oy be encountened in franic vegefable siorage, in onder o obfain an acceleraied
festing profboood. Further bboriony-based rialy on franf samples show that fhe paliadaom-
promofed ceolite material can be effecive av an effplene scavenger fo prolong the shelf-bf
of fresh fruits

Absiract

The contral of ethylene in sored environments plays a kzy role in prolonging the posthervest ife of meny fresh produce types. Howerer, thers
hae been a paucity of research in rcent years on developing novel znd more effective ethylens scevenging materisls. Inthis gwedy o pallsdim (Pd)-
promoted powdened materis] that has significant ethylene adsonption capacity (4162 pl. g =" material) o 20C and approvimately 100% BH was
identifisd and wes shown to be for superior io KMo, based scavengers when used in low amosnts and in conditions of high relstive hnmidity (FH)

Initial screening wos cared oul in 2 plug Bow reacior with 20 pl. 1" sthylene, 105 (vi) O balanced with He o spproximately 100%
RH. Further work demorsiraied that the Pd-promoted magerial at sither 001 or 003 g L7 effectively scavenged both exogenosly adminisiered
(100 pul. I.~") andfor endogenousky produced ethylens by bansna or avocado, respectively, o ssh-pl. 1.~ concentrations within 2 24 h pericd.
Uptimum ethylene adsorption capacity was calculaied as spproximasely 10000 el g ", Accordingly, cormesponding inhibiticon of ethylene-induced
ripening was observed. When removed, Pd-maieris] did nol disrupt subsequent ripening. The resulis from this study demonsirate thal Pd-promoted
£ HO0T Ebevier BV, All rights rserved.

Keywordr: Avocui, Benan; Flhyleae sisorplion capecily, Sawhery
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Rg. 3 TEM image of the Pdpromoted zool e matarial

g stze palladium particles (bright
anas) on the zeolite support

The material is a palladium-impregnated zeolite giving finely dispersed

palladium particles. »
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Fig. 8 Potential adsorbed species following exposure of the Pd-containing scavenger to ethylene:
(a) w-bonded, (b) di-c bonded, (c) ethylidyne, (d) ethylidene, (e) vinylidene and (f) vinyl



Wills & Kim from 1995: shelf life of strawberries at 0 or 20°C was doubled by reducing ethylene from 0.1 to <0.005 ppm

}u Technology
ELSEVIER Postharvest Biology and Technology 6 (1995) 249-253 ——————
Effect of ethylene on postharvest life of strawberries Found that scrubbing ethylene at either 0 or 20 °C (to

0.005 or 0.05 ul I'}, respectively) significantly

R.B.H. Wills™*! G.H. Kim" . .
e " extended the storage life of strawberries due to

# Deparment aof Food Science and Technology, Dniversity of New Soutk Waler, Svdney,

:. NS W 2052, Australin decreased tissue softening, tissue collapse, color
e Foroed anad Nicir Dk Biing W w0 i, 419 SsampMoon-Do .
partment of Food a ”m",.;:;mﬂq’ﬁm:m,:u"”"w i change to a translucent dark red, green color loss in
Accepled 13 January 1995 the calyx and blackening in the stem-end.

Abstracit
Also stated,

“...the lack of of effect of ethylene reported by

Strawberrics are non-climacterie fruit and thercfore regarded as independent of cthylonc
for ripening. The concentration of ethylene in punnets of strawberrics in wholesale markets

was found to be in the range 0.03-0.36 x| I™" per punnet. Experiments at 20 and 0°C, where SlI'lphEll’llCh (1980) was probab]y due to his use of
the ethylens concentration was controlled, showed that the storage life of strowherries was . . 1 .
extended by reducing the ethylene level. Maximum siorage was obtained at the lowest quite high ethylene levels of 1-100 ul* where fruit
ethylene levels used of 0,05 gl 177 at 20°C and 0.005 ul 1=! at (°C. The addition of potassium show little differential I'ESpOI’lSE."

permanganate to pannets held at either of the above iemperateres significantly estended
storage life of the fruit and this may be capable of commercial exploitation.

Siriphanich, J. 1980. Postharvest deterioration of
strawberries as influenced by ethylene and some other
voaltiles. M.S. Thesis, University of California, Davis, Calif.

Kevwords: Strawberry; Ethylene; Storage life; Potassium permanganate
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The Use of It’s Fresh! Ethylene Remover Technology with e+" Active as T“hé‘;l,i Eaﬁ'ﬂ D;ﬂm“ “’1_'1;:“ W]“Pfg im“;‘fﬂ (‘Elsanta’ and ‘Tubilee") stored
a Practical Means for Preserving Postharvest Fruit Quality ys at or without e+~ (2.5 g powder).

F.Elmi* K. Coolsand LA T : Hue angle (b7)
Dlant Science Lsbaratory Experiment — = E+ 15D (P=0.05)
Cranfield University 1. Elzanta 31.67 3352 0.700
Eﬁ'{;ﬁ&ﬁ“ 0AL 3. Tubilee 3477 35.70 0.862

3. Tubilee 3428 35.10 0.827

Keywords: photoaconsiic laser ethylene sensor, phoot, sttawberry

Abstract

The presence of ethyleme im a storage enviromment cam nndermine both
quality and postharvest Life, offen generatimg sigmificamt waste and asseciated
ecomomic losses. A demand for discovering altermative techmologies capable of
scavenging ethylene has led to the development of a3 new material, e+* active, which =l
has significant ethylene adsorption capacity. The material has been shown to remove I
ethyvleme to below physiologically active lewvels during fruwit storage at 0-20°C and
consequently extend postharvest life for a variety of fresh produoce types. Different
formats have been evaluated. For example, “It'sFresh’™ sheets containing e+* active
were shown to be a hizhly efficacions format for suppressing ethylene and extending
storage life of imported avocads and ploot ploms in a series of trials. Indeed, It's
Frezh! technology has also been showm to have profound effects on non-climacteric
fruit types such as sirawberry where quality-related atiributes were affected. The
mode of action of It"sFresh! technology with e+" active and the implications of
scavenging ethyleme in both non-climacteric and climacteric systems are discnssed.

Ethylene (al/ h1)

Broc. 7 Intemational Pesttarvest Symposim
Eds - H Ahdullah and MW Latifah
Acta Hort 1012, ISHS 3013 i
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Day:z at 5°C
Fig. 2_Ethylene production (ol'h) of strawbemy fmits (‘Tubilee” Exp. E.E} following
storage at 5°C in 13 L boxes with {=, E+) or without (=, control) e+ powder (2.5
Z). Ethylene production was measured at 18°C imside 1 L capacify jars (p=3 per
treatment) connected to ETD-300. L5D bar {5

“This study confirms the advantages of e+® in preserving postharvest fruit quality and has also demonstrated with
the use of a highly sensitive ETD-300 ethylene detector, that ethylene may have a role in determining the postharvest

quality of strawberry fruit.”



Another view...

Postharvest Biology and Technology 28 (2003) 417 -423

Effects of ethylene and 1-MCP on the quality and storage life of strawberries
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Abstract

Strawberry quality declines rapidly after harvest. Deterioration may be accelerated by ethylene and
iIs potentially increased, decreased or unaffected by the ethylene inhibitor 1-MCP (1-
methylcyclopropene). We have examined the effects of 0.01, 0.05, 0.1 and 1 ml I-1of ethylene and
0.01, 0.1, and 1.0 ml I-1 1-MCP on the quality attributes and respiration rates of strawberries stored
at 0 or 5 8C. Ethylene did not affect the rate of rot development. However, calyx quality was
significantly reduced by exposure to 0.1 or 1.0 ml I-1 ethylene. Treatment with 1 ml I-1 1-MCP
protected the calyx tissue from these effects. Exposure of strawberries to 0.01, 0.1 or 1.0 ml I-1 1-
MCP did not affect overall fruit acceptability but did slightly increase the rate of rot development. 1-
MCP treatment reduced ethylene production by the fruit. Increased production of CO2 by 1-MCP
treated fruit was associated with the earlier onset of rots. Although the results suggest that blocking
ethylene perception interferes with disease resistance in strawberries, there was only a small effect
on total storage life. It was concluded that neither the removal of low levels of ethylene from the
storage environment nor the treatment with 1-MCP are likely to be cost effective methods of
extending strawberry storage life.



RESULTS

Comparison of It’s Fresh (palladium) and Ethylene Control (permanganate) ethylene
adsorbers



It's Fresh Small Transit Sheet vs.  The initial rate of ethylene adsorption (reduction in

'M . . .
° \ anyM@&Ohtrol s concentration per minute) was almost 10 times greater for
16 "9-g" sachet the KMnO, than for the It’s Fresh! (0.52 uL min versus
14 \ —e—Control — 0.05 uL min'%, respectively.
o 12 + —
2 \\ —=-|t's Fresh  However, the amount of active ingredient in the It’s Fresh!
£ 10 — . . . . .
s \ sheets is less than 0.2% of the active ingredient in the
= 87 \ KMn0O4  — sachets.
. | Sachet
s L \'\ * Therefore, the rate of ethylene adsorption on a per weight
\- basis (uL min! g1 of active ingredient) was over 50 times

greater for It’s Fresh! than for KMnO,.

0 1(I)O 2(I)O 3(I)0 460 560 6(I)0
Time (Minutes)
Reduction in headspace ethylene concentration in sealed jars containing either a 4-in?
(25.8 cm?) It’s Fresh! sheet or a 9-g Ethylene Control sachet at 77°F and 45% RH.

(The reduction in ethylene concentration in the control was due to leakage, which was corrected for in calculating the
ethylene adsorption rates.)

» When ethylene adsorption was compared for low and high humidity it was found that the adsorption rate was
about 25 to 30% lower in saturated humidity than in 45% RH for both the KMnO, sachets and the It's Fresh!
sheets (data not shown).
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After repeated injections of ethylene, it was
determined that the ethylene absorption
capacity of the It’s Fresh! sheets averaged
5,500 uL of ethylene per sheet and for the
Ethylene Control sachets it was 8,000 uL of
ethylene per sachet.

However, the potential ethylene adsorption
capacity for the It’s Fresh! material is much
greater than for KMnO, since the relative
ethylene adsorption capacity on a per weight
basis (uL g of active ingredient) is almost 400
times greater for It’s Fresh! than for KMnO,.

Measurement of ethylene absorption capacity of a 4-in? (25.8 cm?) It’s Fresh! sheets
and 9-g Ethylene Control sachets in sealed jars at 77°F and 45% RH.

(The reduction in ethylene concentration in the control was due to leakage, which was corrected for in calculating the

ethylene adsorption rates.)



RESULTS

Strawberry shelf life evaluation in a simulated distribution system from farm to
home



Sampling Procedure

* The strawberries were obtained from Wish Farms, Plant City, FL on the day of harvest and were
collected immediately after forced-air cooling.

A total of eight flats of strawberries with eight clamshells/flat (64 clamshells) were randomly
divided into two sets at the cooling facility.

* |t’s Fresh! filter sheets (1 in?) were attached to small fruit pads; one sheet per clamshell was
placed inside one set of clamshells, and placebos (i.e., inactive sheets) were placed inside the
other set.

* The strawberry clamshells were placed into insulated coolers and transported by car to the
Horticultural Sciences Department, University of Florida
(approximately 2 hours).




Shelf-life Procedure

The shelf life test was conducted at the Postharvest Laboratory at UF.

Replicating a retailers supply chain, strawberries were evaluated for quality daily.
1. In-D.C., in-store
2. In-Home

The clamshells with and without It’s Fresh! sheets were stored in identical, separate temperature-
and humidity-controlled rooms (temperatures variable; humidity 95% RH).

Fruit quality evaluations were conducted daily; the evaluators did not know which It’s Fresh!
sheets were active and which were the placebos (i.e., it was a blind test).




Shelf-life Scenario:

* Day 1 —strawberries harvested and cooled to 38°F/3.3°C <4 hours after harvest; transported
from Plant City to Gainesville and placed at 34°F/1.1°C

In-D.C.,, in-store
* Days 1 to 3 — Simulated transport to and holding at Distribution Center (34°F/1.1°C)
* Days 3 to 6 — Simulated retail store backroom and display (38°F/3.3°C)

In-Home
* Days 6 to 9 — Simulated home refrigerator (41°F/5°C)

S TUESDAY — WEDNESDAY [ & THURSDAY ™ FRIDAY S SATURDAY L2 SUNDAY © MONDAY N TUESDAY o WEDNESDAY
o o o ) o o o o %

1PM 1PM 1PM 1PM 1PM 1PM 1PM
EVALUATE EVALUATE EVALUATE EVALUATE EVALUATE EVALUATE EVALUATE
1PM 1PM
EVALUATE EVALUATE

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9

Quality evaluation schedule for shelf life test of ethylene scrubbing effect on strawberry quality.



Evaluation Procedure

64 clam shells per scenario x 2 (Control and It’sFresh!), evaluated from
arrival at D.C. to in-home.

In-D.C., in-store

Clamshells scored as a “consumer” during the time in the D.C. and store, i.e., “Would | buy this?”

1 = definitely would purchase, fruit is colorful, glossy and free of disease/damage,
2 = borderline purchase, fruit isn’t looking fresh,
3 = definitely would not purchase, fruit is no longer colorful and glossy, signs of mold

In-Home

Clamshells scored as a “consumer” during the time in the home, i.e., “Would | eat this?”.
1 = definitely would eat/feed to my family,
2 = borderline, must eat immediately,
3 = definitely would not eat



Would | Buy?

1
(definitely would)

—

2 —~

(borderline)

3 -

(definitely wouldn’t)

(5.0) 75 to 90% bright and glossy red color; calyx is
stiff and green; no signs of bruising or shriveling on fruit;
fruit appear to be very fresh (excellent quality)

(45) 90 to 100% slightly less bright and glossy red
color; calyx is green but slightly less stiff than at harvest;
no signs of fruit shriveling (very good quality)

(4.0) Full red color that is less bright and less glossy
than at harvest; calyx is green but slightly less stiff than
at harvest; minor signs of fruit shriveling may be
noticeable (good quality)

(3.5) Full red color that is less bright and less glossy
than at harvest; calyx is less fresh and stiff than at
harvest; signs of fruit dryness may be noticeable (good
to acceptable quality)

(3.0) Full red to dark red color with slight to moderate
loss of brightness and glossiness; calyx may appear to
be dry and wilted; isolated areas of dryness or shriveling
on fruit; some fruit may also show some soft spots
(acceptable quality)

(2.5) Full red dark color with moderate loss of
brightness and glossiness; calyx appears to be wilted
and dry; fruit are moderately dry and shriveled; some
fruit may also show soft spots (acceptable to poor
[TTEULY)]

(2.0) Very dark red color that is dull and not shiny;
calyx appears to be dry and slightly yellowish or
brownish-green; fruit appear to be overripe and dry; fruit
are soft (poor quality, non-salable under normal
conditions)

(15) Very dark and dull purplish-color; calyx is dry
and wilted; fruit appear to be very soft, overripe and dry;
some fruit may be leaky (poor to very poor quality;
not salable)

(1 .0) Very dark brownish or purplish-red color that is
very dull and has no shine; calyx may appear to be very
dry and yellowish or brownish-green; fruit appear to be
extremely overripe, dry or leaky (very poor quality)

Copyright © 2013 M.C.N. Nunes

Would | Eat?

- 1

(definitely would)

2

(borderline)

3

(definitely wouldn’t)

Rating scale with
illustrations and
definitions courtesy
Cecilia Nunes, Univ.
of South Florida



Quality Assessments — from 1, "Definitely Would Buy/Eat” to 3, “Definitely Wouldn’t Buy/Eat”
Comparing Control versus It’sFresh! Strawberries
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Percent of fruit classified as

"definitely would buy/eat"
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FLORIDA STRAWBERRY RESULTS - DAY 11
Categorized as #3, “definitely would not eat”

“..clear differences in bruising severity and also drying of sepals between control and It’sFresh!”

CONTROL — 28 clamshells out of 64 = 44% IT'SFRESH! — 10 clamshells out of 64 = 16%
“definitely would not eat” “definitely would not eat”

oy vy

19



Conclusions

* On a per weight basis It’s Fresh! adsorbed ethylene 50 times faster than KMnO, with an
adsorption capacity 400 times greater.

* Ethylene adsorption rate was about 25 to 30% lower in saturated humidity than in 45%
RH for both the KMnO, sachets and the It’s Fresh! sheets.

* |In the simulated handling test from post-forced-air cooling to the consumer, 1-in? It’s
Fresh! sheets extended strawberry quality both in-store and at home.

* Shelf life was extended by about 1 day by slowing the development of dry calyx and sunken
bruised areas starting on day 5 from harvest and continuing through simulated retail display and in
the consumer’s home (day 9).

e Additionally, at the end of the simulation, 44% of clamshells in the control were rated “definitely
would not eat” while only 16% of clamshells in the It’s Fresh! treatment were similarly rated.

* This suggests that considerably more strawberries would likely be consumed and less
fruit discarded by consumers in the home with the use of It’s Fresh!
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