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A simple mechanical index of storage quality of strawberry fruits
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Abstract

We propose simple mechanical parameters obtained by compression testing to indicate the storage quality of strawberry

fruits. We tested the effects of different storage conditions at 5C on measured mechanical parameters. The three conditions

were control, in polyethylene bag, and packed a product that releases allyl isothiocyanate (AIT) vapor, as it is known that

vaporized AIT prevents the growth of microorganisms. Although the fracture load, often referred to as firmness, did not

significantly vary, the fracture strain increased and the apparent modulus decreased with storage time. The apparent modulus

was demonstrated to be a good index of strawberry quality, because it is more sensitive to deterioration of strawberry fruits

and calculated at a low strain that has the potential of a non-destructive measurement.
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Introduction

Strawberry (Fragaria X ananassa, Duch.) is a typical
non-climacteric fruit. In other words, it does not exhibit a
dramatic increase in respiratory activity after harvest, and
also produces less ethylene (Tatsuki, 2007). As strawberry
fruits are harvested when ripe, their quality declines rapidly.
They are very susceptible to attack by microorganisms
and mechanical injury during handling and transportation
(Wills and Kim, 1995). Loss of quality often occurs because
of water loss, softening, and bruising during handling,
transportation, and storage (Bower et al., 2003; Wills and
Kim, 1995). The storage life of strawberries is less than a
week, even under ideal conditions (Wills, 1998).

Palatability of fruits is generally higher in sweeter

individual fruit. Sweetness of strawberry fruits correlates
with the ratio of soluble sugar content and to titratable acidity
(Gunness et al., 2009). These results were obtained from
strawberries pureed to produce a homogenous sample; many
individual fruits were included in the purées used for sensory
evaluation. In our study, varying mechanical properties of
individual fruits were measured at similar stages of storage.
A methodology that uses pureed samples or juice instead
of raw fruits for sweetness determination does not detect
important interactions between sweetness and mechanical
properties. Softer fruits are likely perceived to have higher
sweetness even though they may have soluble sugar content
similar to those of harder fruits. Flavor release is modified
by the texture of foods, hence there is an interaction between
sugar content and mechanical properties of fruits. Sensory

studies using gels and sols as model foods show that flavor
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intensity is reduced in firmer gels and thicker liquids
(Calvino et al., 1993; Clark, 2002; Cook et al., 2003).

Luminance distribution most likely influences the
visual assessment of fruit freshness rather than color
information  (Arce-Lopera et al., 2012).  Freshness of
strawberry fruits determined by consensus ratings is more
reliable than any single indicator of freshness including
firmness, soluble solids, and titratable acidity (Péneau
et al., 2007). Péneauetal. (2007) determined maximum
force and the gradient of the compression curve up to
75% compression of single whole strawberry fruit under a
flat plate (75 mm diameter). Parameters measured by this
methodology decreased slightly with storage time, but they
did not correlate with subjective freshness assessments.
Retailers often set shelf lives of processed foods to
durations shorter than the time period through to the onset
of visible damage. This is because eating quality may be
determined by textural and/or flavor changes of fruits.

In the current study, we performed compression testing
of strawberry fruits after harvest to establish an objective
index of fruit softening. Several mechanical properties
may influence the texture and flavor of strawberries. The
modulus of elasticity may be calculated by compression
testing of materials with convex shapes (American Society
of Agricultural Engineers, 2000), but has rarely been
determined for strawberry fruits. Because the strawberry
fruit has an irregular shape, its heterogeneity prevents
derivation of the Poisson’s ratio. Furthermore, the fruit is
rather diminutive in relation to many types of probe. Thus, a
simple compression test, which uses a cylindrical probe with
a diameter 3.0-7.5 mm to penetrate the equator of individual
strawberry fruits, has commonly been adopted (Dgving
and Mage, 2002; Dgving et al., 2005; Gunness et al., 2009;
Hernandez-Munoz et al., 2006; Hietaranta and Linna, 1999;
Khosroshahi et al., 2007). Firmness, determined as the peak
force, is frequently used rather than the elastic modulus;
firmness decreases through the storage period (Caner et
al., 2008; Dgving and Mage, 2002; Dgving et al., 2005;
Hernandez-Munoz et al., 2006; Nunes et al., 2006; Tian et
al., 2000). In this study, we performed a simple compression
test on strawberry fruits to calculate an apparent modulus as
the ratio of stress to strain at a very small deformation.

Strawberry fruits were kept at 5C on a soft tray and
covered with plastic film and/or were treated with a natural

anti-bacterial product to lengthen storage life. Degradation

of fruits and vegetables during distribution and storage may
be moderated by allyl isothiocyanate (AIT, 3-isothiocyanato-
1-propene), which is a pungent component present in
some members of the Brassicaceae, such as horseradish
(Armoracia rusticana), wasabi (Wasabia japonica Matsum.),
and brown mustard (Brassica juncea). The growth of many
microorganisms (bacteria, yeasts, and molds) is prevented
by vaporized AIT. Growth of some fungi is prevented at a
lower level (<20 ppm) of AIT (Goi et al., 1985; Kanemaru
and Miyamoto, 1990; Issiki et al., 1992; Sekiyama, 2009).
AIT has been employed on strawberry fruits to prevent
mold growth and softening over three days (Takagi and
Naito, 1993), but there are no detailed reports on conditions
required for this effects.

In this study, we found that the apparent modulus
is a more sensitive measure of changes in the mechanical
properties of strawberry fruits than firmness during storage.
It is a good indicator of the shelf life of strawberries stored

at low temperatures.

Materials and Methods

1. Strawberries

We used strawberry fruits (var. Yayoihime), each
weighting approximately 13 g. Harvest date was March 8,
2010 (Fujio Co., Maebashi, Gunma, Japan). Fully ripened
and ready-to-eat fruits were arranged on a soft tray with
25 hollows (5 rows X 5 columns, 210 X 280 X 22 mm)
made from foamed polystyrene; polypropyrene (PP) film

was wrapped over the tray and taped at both sides.

2. Transportation and storage condition

We used Wasapure® (Ageless Service Center Co. Ltd.,
Tokyo, Japan) was used as an AIT release agent to preserve
the freshness of strawberry fruits. The product vaporizes AIT
into the storage atmosphere and it releases 0.2—10.0 ppm
(v/v) of AIT into containers of fresh foodstuffs with no
production of an “off-flavor” from the wasabi (Oshida et
al., 2010). Two gram of paste made up of horseradish and
mustard extracts in filler compounds (0.35-0.45% (v/v)) was
packed in small plastic bags (40 X 35 mm). The amount
of AIT release product (by pack per tray) was determined
through preliminary tests. Gas chromatography analysis
revealed that approximately 0.6 ppm (v/v) of AIT was

maintained for at least one week in the storage atmosphere



of a strawberry transportation cardboard box (250 X 350 X
75 mm) wrapped by polyethylene (PE) film.

Three storage conditions were compared: (A), a pack of
AIT product was inserted under the PP film in each tray and
the tray was placed into an unsealed PE bag; (B), treatment
as in (A) but without AIT product; (C) control with no
AIT product or PE bag. Two trays were placed into each
cardboard box (305 X 450 X 80 mm), and six cardboard
boxes were stacked and tied. Samples were transported
from the farm to the National Food Research Institute in
a refrigerated truck at 5C. They arrived without visible
damage the day after harvest and were stored in a cold room

at 5C until measurements.

3. Quality evaluation

Damaged fruits with mold growth or with muddy parts
were visually identified by three experimenters. Sample
strawberry fruits, including damaged ones in the same tray,
were moved to the test room (23°C) 3 h before mechanical
measurements were made 2, 4, 8, 11, and 16 days after
harvest. All 25 fruits in each tray were weighed, and the
diameter, length, and weight of each were recorded.

An instrumental compression test was performed
using a Universal Testing Machine (Model 5542; Instron,
Canton, MA, USA) with an attached load cell of 50 N. A
stainless steel cylindrical plunger of 3.0-mm diameter was
inserted into each fruit at a constant speed of 1.0 mm/s.
Two equatorial parts (in diagonal position) and the apex
of each whole fruit were tested; measurements were
made on 10 fruits. Compressive strain was calculated as
displacement divided by the diameter or length of each
fruit. Strawberry fruits do not have a fixed shape with a
flat surface; hence, Young's modulus, which can be derived
from a simple tensile or compression test, could not be
correctly calculated in the present experiment. Under our
test conditions, the peripheral part of the plunger may affect
the force value, even under small strains (< 0.1). Hence,
we used the term apparent modulus rather than Young's
modulus. The apparent modulus was calculated with Blue
Hill software (Instron) based on the maximum slope of load
versus displacement curve. This value was derived as the
ratio of stress (load divided by the cross sectional area of the
plunger (7.08 mm?)) and strain. The fracture load and strain
were determined at peak values.

Immediately after the mechanical test, pH (C-73, As

One Corporation, Osaka, Japan) and Brix (PAL-1, Atago
Co. Ltd., Tokyo, Japan) values were measured close to the

punctured holes.

4. Statistical analyses

Statistical analyses were performed using SPSS software
(ver. 17.0J for Windows; SPSS Inc., Chicago, IL, USA) with
statistical significance set at p < 0.05. We conducted one-
way analyses of variance (ANOVA) with treatments (3) or
storage periods (5) as factors. Two-way ANOVA was used
to test for significant interactions between treatments and
storage periods. Paired #-tests were performed to compare

values for individual fruits.

Results

1. Mechanical properties

Figure 1 shows typical compression curves for fresh
and damaged strawberries. For fresh fruit, the slope of the
load versus deformation curve was almost straight. There
was a break point at approximately 1.4 mm compressive
deformation, corresponding to strains of < 0.06-0.07, after
which the load decreased rapidly. Load and deformation
at the peak (gray triangle) were easily determined. We
calculated the fracture load and strain after standardization
using initial diameter of each fruit. The maximum slope
(see auxiliary straight line in Fig. 1) of the load—strain curve
up to the fracture point was divided by the cross-sectional
area of the plunger (Gunness et al., 2009). The apparent
modulus in MPa was subsequently obtained based on the
converted slope. Strawberry fruits do not soften during the
first few days, but they do over extended storage periods.
Compressive load and modulus decreased significantly after
a long storage, while the fracture strain increased. Damaged
fruits completely covered with mold were extremely
soft. Although the fracture in damaged fruits occurred
at a slightly higher strain and a much lower force than in
undamaged fruits, the load decrease following fracture
was not significant in damaged fruits (Fig. 1). We analyzed
temporal changes in the mechanical properties of strawberry
fruits before fruits were completely damaged to this extent.

Among the mechanical parameters, the fracture strain
increased and the apparent modulus decreased gradually
with storage period (Fig.?2). The fracture load did not

significantly change with storage or among treatments.



There was a significant decrease in the fracture load in
damaged fruits after a long storage period (> 10 days)
leading to unacceptable fruit quality. After 16 days, the
standard error increased (Fig. 2) because of ones very soft,
aged individual fruits (Fig. 1), but there were still a few
undamaged individual fruits with mechanical properties

similar to those of fresh strawberry fruits (Fig. 1).

2. Comparison with other measures

No damaged fruits were apparent in visual inspections
of 25 fruit trays during the first several days of storage at
57C under any of the treatments as shown in Fig. 3. Control

samples (C) demonstrated the most rapid quality degradation

N

(20% change) during the experiment. Differences between
treatments were first observed at 8 days; the rank order of
proportion of undamaged samples was (C) < (B) < (A).
After 11 days of storage, the differences were still apparent.
There was less damage in the presence of AIT than in the
other treatments. The undamaged fruit proportion at 16 days
had decreased most in treatment (B), after which almost
all individual fruits stored were damaged regardless of
treatment.

The pH and Brix values (data not shown) did not
significantly change. Slight decrease in the Brix value in
damaged fruits was first observed after 11 days.

Because of elevated variances within treatment, we
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Fig. 1

Typical compression curves for fresh and damaged strawberries.

The equator was compressed with a probe of 3-mm diameter at 1 mm/s.
Triangle symbols indicate the fracture points, and the straight lines are the maximum slope used for calculation of the

apparent modulus.
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Fig.2 Changes in the mechanical properties of strawberries during storage under different

conditions at 5C.

Test condition 4P, in a polyethylene bag with AIT release product (A); 2, in a similar bag without AIT (B); and [],
control without AIT or bag (C). Asterisks beside the symbols indicate significant difference among the three conditions
determined by one-way ANOVA (*, p < 0.05; *** p < (0.001). The equator was compressed with a probe of 3-mm
diameter at 1 mm/s. Values are means and standard errors, n=20.



found no significant experimental effects on the absolute
values of fruit weight over the entire storage period (data not
shown). We measured the weights of 25 samples on fixed
trays under each treatment condition during the test period.
The weight losses of samples enclosed in PE bags were very
small even though bags were not sealed. Weight loss in (C)
without bags was very large (Fig. 4).

The fracture load, which is often used as a softening
index, was not suitable for the evaluation of post harvest
changes in mechanical characteristics. The values did not
differ significantly until 11 days. The apparent modulus
and fracture strain were better measures of fruit damage

during storage. The differences among the three treatments

were most significant at ca. 8 days after harvest (Fig. 2), but
there were no significant effects in the first few days after
harvesting. Damage was evaluated by increasing fracture
strain and reducing apparent modulus. The rank order of
modulus measures among treatments was (C) < (B) < (A)
after 8 days of storage. Damage was significant after 2 weeks
of storage under all test conditions. Most of this damage
was attributed to the growth of molds, which increased
the variance within treatment. By the 16th day of storage,
some fruits were undamaged but softened by fungi. Molds
damaged strawberry quality. The modulus in treatment (B)
was lower than that in (C) because after 16 days and longer

storage period, there were fewer molds in treatment (C). The
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Fig. 3 Ratio of undamaged fruits under different conditions at 5°C.
Test condition 4, in a polyethylene bag with the AIT release product (A); £, in a similar bag without AIT (B); and [,
control without AIT or bag (C). Values are means and standard errors for two or three batches.
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Fig.4 Weightlosses from 25 strawberries in a tray during storage under different treatments

at 5C.

Test condition 4P, in a polyethylene bag with the AIT release product (A); 2\, in a similar bag without AIT (B); and [],

control without AIT and the bag (C).



AIT product was effective through 2 weeks after harvest.

3. Comparison of equator and apex

Strawberry fruits are small and humans do not consume
a part of the strawberry. However, the effects of storage may
differ in different parts of the fruit, though it is the equatorial
part that is usually tested. Figure 5 shows some parameters
measured at the equator and apex during storage. The Brix
value was much higher (ca. 12) at the apex than at the
equator (ca. 8), but pH (3.5-3.7) did not differ between the
two positions (data not shown) through the whole storage
period. The apical Brix values decreased with storage time,
unlike the equatorial values. The fracture load at the equator
was higher than or similar to that at the apex. The fracture
strain at the equator was always higher than that at the apex.
The tendencies in pH, Brix, and mechanical properties were
similar between treatments (A) and (B), in which the rate of
deterioration was faster, as stated above. Generally the apex
was softer than the equator as indicated by the lower values

of the fracture load and strain. The fracture point was not
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clearly detected in 50% of fruits stored under treatment (C)
for 16 days because the strawberry fruits were very soft. The
apparent modulus measured at the apex tracked a different
trend. The apical modulus was significantly higher than
the equatorial modulus in fresh fruits 2, 4 and 8 days after
harvest, decreasing steeply with storage time, and reaching
the same level as the equatorial modulus by 11 days post
harvest; subsequently, both moduli decreased similarly in

aged fruits.

Discussion

1. Best quality index

We aimed to develop a new index for strawberry fruit
quality post harvest. Palatability is determined by sweetness,
which is mainly dependent on sugar content, and influenced
by sourness and softness of fruits. Brix, pH, and fracture
load values did not significantly change among storage
times or treatments. Mean values were not stable and had

large standard errors (Figs. 2 and 5). Weight loss without
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Fig. 5 Differences in Brix and mechanical properties between the fruit equator (closed
symbols) and apex (open symbols) during storage at 5C.

Values are mean and standard errors of 10 individual fruits stored under the treatment (B). Apex symbols with asterisks

are significantly different from the equator positions determined by paired -tests (**, p < 0.01; *** p < 0.001).



the PE bag was greater than in other treatments when the
same samples were measured repeatedly (Fig. 4). However,
the PE bag effect was not significant when different fruits
were measured on different days because there were large
variations in condition among different fruits. Gunness
et al. (2009) emphasized the importance of fruit-to-fruit
evaluation for strawberry fruits. Thus, trends observed in
mechanical properties were much more significant among
treatments and storage times when inter-individual variation
was factored out; destructive tests do not allow resampling
of the same individuals at different times.

There was also great variation in fruit size, and this was
difficult to take into account. We conducted puncture tests
with a thin cylinder to reduce the contact area between fruit
samples and plunger. The deformation was standardized to
strain divided by diameter of each fruit and the stress can be
derived when the deformation is enough small as the contact
area was only bottom of the plunger.

Among mechanical parameters, the fracture strain
increased and the apparent modulus decreased gradually
over storage time; however, the fracture load did not change
significantly (Fig. 2). The same phenomena are commonly
observed in other plant materials, as Thiel and Donald
(2000) reported for fresh and aged carrots. A post harvest
change was not detected during short-term storage (less than
4 days). Differences among the three treatments were most
significant at ca. 8 days after harvest (Fig. 2). At that time,
the extent of damage measured by increasing the fracture
strain and reducing modulus was in the rank order (C) > (B)
> (A). Damage became significant after 2 weeks of storage
under all treatment conditions.

The decrease in the modulus and increase in the fracture
strain (Fig. 2) occurred before visual damage was observed
in groups of strawberry fruits stood under the storage
conditions (Fig. 3). The threshold for strawberry quality
using visual assessment occurred when the proportion of
acceptable berries fell to 80% (Wills and Kim, 1995). This
occurred after ca. 10 days for treatment (A), 9 days for (B)
and 8 days for (C) conditions. The apparent modulus and
fracture strain changed significantly before these points in
time. Thus, mechanical parameters were more sensitive for
the detection of undesirable changes in strawberry fruits
stored under different conditions than visual assessment.
Individual variations among fruits were very large, and

we accordingly prefer non-destructive tests because they

allow repeated measurements on the same individual fruits.
We were able to derive the modulus at approximately
0.02 compressive strain (Fig. 1); hence, modulus would
be a good indicator of fruit quality if an inexpensive and
portable tester were to be developed. A fruit hardness
tester is useful, but only measures a fracture force, which
we found inappropriate for evaluating postharvest changes
in mechanical characteristics. The fracture load decreased
significantly in damaged fruits after a long storage period
when the fruits were no longer edible. This is also true for
the Brix, which is easily measured, but changes appear too
late in the storage period when fruits are no longer suitable
for consumption. Parameters used as quality indices should
detect differences among treatments early in the storage

period.

2. Partial differences in a fruit

Apical parts of the fruits had higher Brix and apparent
modulus values, and lower fracture load and strain values
than equatorial parts (Fig.5). Lower values in fracture
properties at the apex suggest that fruit damage during
storage is likely to start at the apex. Decreasing apparent
modulus at the apex occurred earlier in the storage period
than in the equatorial part. Modulus at the apex measured
through non-destructive procedures that allow detection
of changes early in storage may provide an excellent

mechanical index of storage quality for strawberry fruits.

3. Effects of storage conditions

Strawberries, which are non-climacteric fruits, produce
less ethylene gas than climacteric ones. Under our test
conditions, bruising was not significant after handling and
transportation, and there was no serious damage during
the first 2 days, though damage by fungi appeared to be
the greatest problem. Thus, we can conclude that the AIT
product was effective in extending the storage period at
5°C to 2 weeks post harvest. During this period, a low level
of AIT (<1 ppm) was detected in the atmosphere (Oshida
et al., 2010). The manufacturer (Ageless Service Center)
claims that the product is effective in prolonging the storage
lives (up to 14 days) of some non-climacteric fruits, such as
strawberries and grapes. Preservative effects were evaluated
by the subjective appearance of fruits, but no objective
indices were reported. Firmness, as measured by a fruit

tester, acidity, and sugar content were not affected by the



product.

In our study, the AIT effects most likely ended at 16
days because the undamaged fruit proportion in treatment
(A) had fallen to the level in the control (C), though it was
still higher than in treatment (B). Humidity in the PE bag
was higher than in the control (C), as indicated by reduced
weight loss in the fruits (Fig. 4); however, molds may have
grown more rapidly in the bags after the first appearance. The
higher moisture loss in treatment (C) than in treatment (B)
may reflect the greater values of the apparent modulus and
fracture properties at 16 days in (C). Drying of fresh fruits
may result in a high modulus, but it is an unfavorable effect,
and this should be taken into account when a mechanical

property is used as a quality index.

4. Effects of AIT on strawberries

Ripening of non-climacteric fruits is not accelerated
by ethylene (Kader, 1990; Shimokawa, 1990). However,
some researchers reported that ethylene exposure increased
the softening of strawberries (Bower et al., 2003; Tian
et al., 2000; Wills and Kim, 1995). As AIT inhibits 1-
which

aminocyclopropane-1-carboxylic acid synthase,

produces ethylene, the ripening and senescence of
vegetables and fruits are retarded (Shimokawa, 1990). The
ripening mechanism of strawberries has not been clarified
and the effects of ethylene on ripening are still controversial
(Iannetta et al., 2006; Trainotti et al., 2005).

The mechanism by which AIT acts has not yet been
determined. We did not test a high concentration of AIT
because the strong and undesirable smell of wasabi adhered
to the strawberries when AIT concentration exceeded
1 ppm. Consumers never accept such fruits, though they
are fresh, because strawberry fruits and wasabi flavors are
quite incongruent. We postulate that the AIT release product
most probably prevented fungal growth since no molds
were found over the 2-week storage period post harvest at
57C. Further study is required to clarify the mechanism by

simultaneous analysis for AIT quantity and sample damage.

5. Application study

The variety Yayoihime can be harvested in March, and
the fruit characteristics are excellent; the fruits are firm and
have a long storage life. Different varieties and/or different
geographical regions and times should be tested before

practical application of the method presented here.

Conclusions

The apparent modulus and fracture strain, two
mechanical parameters obtained by simple compression
testing, measured the softening of strawberry fruits.
The modulus decreased and strain increased, but other
parameters, such as the fracture load, pH, and Brix, did not
significantly change with time after harvest. The presence
of the AIT release product and storage in PE bags clearly
extended the period before softening from several days to
2 weeks in cold storage. The proposed modulus has good
potential as an indicator of fruit damage because it is more
sensitive than other parameters and is obtained by a non-

destructive compression test.

Acknowledgments

The authors thank Mr. Megumi Yuyama and Mr. Toshio
Komatsu of Ageless Service Center Ltd., for providing
samples. This work was partly supported by the program
for the Breeding and Integrated Research toward Enhancing
Consumption of Domestic Farm Products in Food Service
Industry from the Ministry of Agriculture, Forestry and
Fisheries in 2006-2010.

References

1) American Society of Agricultural Engineers, 2000.
ASAE S368.3: Compression test of food materials of
convex shape. ASAE Standards 2000, ASAE, St. Joseph,
MI, pp. 566-572.

2) Arce-Lopera, C., Masuda, T., Kimura, A., Wada, Y.,
Okajima, K. 2012. Luminance distribution modifies the
perceived freshness of strawberries. i-Perception 3(5),
338-355.

3) Bower, J.H., Biasi, W.V., Mitcham, E.J., 2003. Effects
of ethylene and 1-MCP on the quality and storage life of
strawberries. Postharv. Biol. Technol. 28, 417-423.

4) Calvinho, A.M., Garcia-Medina, M.R., Cometto-Muiiz,
J.E., Rodriguez, M.B., 1993. Perception of sweetness
and bitterness in different vehicles. Percept. Psychophys.
54, 751-758.

5) Caner, C., Aday, M.S., Demir, M., 2008. Extending the

quality of fresh strawberries by equilibrium modified



atmosphere packaging. Eur. Food Res. Technol. 227,
1575-1583.

6) Clark, R., 2002. Influence of hydrocolloids on flavor
release and sensory instrumental correlations. in:
Williams, P.A., Phillips, G.O., (Eds.), Gums and
Stabilisers: For the Food Industry 11. Royal Society of
Chemistry, London, pp. 217-225.

7) Cook, D.J., Hollowood, T.A., Linforth, R.S.T., Taylor,
A.J.,2003. Oral shear stress predicts flavor perception in
viscous solutions. Chem. Senses 28, 11-23.

8) Dgving, A., Mage, F., 2002. Methods of testing
strawberry fruit firmness. Acta Agric. Scand. Sect. B. 52,
43-51.

9) Dgving, A., Mage, F., Vestrheim, S., 2005. Methods for
testing strawberry fruit firmness: a review. Small Fruits
Review 4, 11-34.

10) Goi, H., Inouye, S., Iwanami, Y., 1985. Antifungal
activity of powdery black mustard, powdery wasabi
(Japanese Horseradish) and allyl isothiocyanate
by gaseous contact. —Antifungal activity of plant
volatiles—. J. Antibact. Antifung. Agents 13, 199-204.

11) Gunness, P., Kravchun, O., Nottingham, S.M., D’Arcy,
B.R., Gidley, M.J., 2009. Sensory analysis of individual
strawberry fruit and comparison with instrumental
analysis. Postharv. Biol. Technol. 52, 164—-172.

12) Hernandez-Muhnoz, P., Almenar, E., Ocio, M.J., Gavara,
R., 2006. Effect of calcium dips and chitosan coatings on
postharvest life of strawberries (Fragaria X ananassa).
Postharv. Biol. Technol. 39, 247-253.

13) Hietaranta, T., Linna, M.M., 1999. Penetrometric
measurement of strawberry fruit firmness: device testing.
Hort Technol. 9, 103-105.

14) Iannetta, P.P.M., Laarhoven, L.J., Medina-Escobar, N.,
James, E.K., McManus, M.T., Davies, H.V., Harren,
FJ.M., 2006. Ethylene and carbon dioxide production
by developing strawberries show a correlative pattern
that is indicative of ripening climacteric fruit. Physiol.
Plantarum 127, 247-259.

15) Isshiki, K., Tokuoka, K., Mori, R., Hiba, S., 1992.
Preliminary examination of allyl isothiocyanate vapor
for food preservation. Biosci. Biotech. Biochem. 56,
1476-14717.

16) Kader, A.A., 1990. Quality and its maintenance in
relation to the postharvest physiology of strawberry. In

“The Strawberry into the 21st Century”, ed. Dale, A. and

Luby, J.J., Timber Press, Portland, pp.145-152.

17) Kanemaru, K., Miyamoto, T., 1990. Inhibitory effects
on the growth of several bacteria by brown mustard and
allyl isothicyanate. Nippon Shokuhin Kogyo Gakkaishi
37, 823-829.

18) Khosroshahi, M.R.Z., Esna-Ashari, M., Ershadi, A.,
2007. Effect of exogenous putrescine on post-harvest life
of strawberry (Fragaria ananassa Duch.) fruit, cultivar
Selva. Sci. Hort. 114, 27-32.

19) Nunes, M.C.N., Brecht, J.K., Morais, AAM.M.B.,
Sargent, S.A., 2006. Physicochemical changes during
strawberry development in the field compared with those
that occur in harvested fruit during storage. J. Sci. Food
Agric. 86, 180-190.

20) Oshida, Y., Oikawa, K., Yuyama, M., Yamazaki, H.,
2010. A freshness preserving agent for food and method
for preserving freshness. Japan Kokai Tokkyo Koho,
2010-57382. Mar. 18.

21) Péneau, S., Brockhoff, P.B., Escher, F., Nuessli, J., 2007.
A comprehensive approach to evaluate the freshness of
strawberries and carrots. Postharv. Biol. Technol. 45,
20-29.

22) Sekiyama, Y., 2009. Utilization of mustard and hop
extract agents. in: [zumi, H. (Ed.), Handbook of Quality
and Hygiene Management of Cut Vegetables, Science
Forum, Tokyo, pp. 243-251 (in Japanese).

23) Shimokawa, K., 1990. Allylisothiocyannate, its role in
ethylene action. Bull. Fac. Agric. Miyazaki Univ. 37,
195-201.

24) Takagi, S., Naito, S., 1993. Freshness preservers and
method for preserving freshness using them. Japan
Kokai Tokkyo Koho, 93-49394. Mar. 2.

25) Tatsuki, M., 2007. Ethylene regulation of fruit ripening
and senescence. Bull. Natl. Inst. Fruit Tree Sci. 6, 11-22
(in Japanese).

26) Tian, M.S., Prakash, S., Elgar, H.J., Young, H.,
Burmeister, D.M., Ross, G.S., 2000. Responses of
strawberry fruit to 1-methylcyclopropene (1-MCP) and
ethylene. Plant Growth Regulation 32, 83-90.

27) Thiel, B.L., Donald, A.M., 2000. Microstructural failure
mechanisms in cooked and aged carrots. J. Texture Stud.
31,437-455.

28) Trainotti, L., Pavanello, A., Casadoro, G., 2005. Different
ethylene receptors show an increased expression during

the ripening of strawberries: does such an increment



10

imply a role for ethylene in the ripening of these non- Acta Horticulturae 464, 159-162.
climacteric fruits? J. Exp. Bot. 56, 2037-2046. 30) Wills, R.B.H., Kim, G.H., 1995. Effect of ethylene on
29) Wills, R.B.H., 1998. Enhancement of senescence in non- postharvest life of strawberries. Postharv. Biol. Technol.

climacteric fruit and vegetables by low ethylene levels. 6, 249-255.



11

1 FIAREOEBEPORE 2R G5 B HFER

Ml B, B s, BE %Y, Hb e, il ARt

PRNTATECEE N SE - S0 SE PR A T 78 Bt £ SRR A F 78 T £ W PR BT 7 FR I8
TR = b, YT mEAREL =y b
T305-8642 KIRILO < IXThBlE H2-1-12

2 F

A F IO O ME %R IEMRBR TRO SN L M B T AR R ET 5. JIFEMERICHT55TCICB
T2 RGN OMPERBR L7, [ F TG LE LTE, Bhloarybo—, K)ZFL 4
PIZANZZD D, RYVZFLYEBRIZTINAVFT T 4A— b (AIT) 22 BSE2HHAY ORZ L2,
SAL L 2 AIT I3 OB EZ T2 2 EDBHSNT VL5 TH A, —HRICEEMEL LTHW SN L0
WEI, AREFRDONLD 72205 WkRH R 2% LH3EE ORI, R ) oo rwo bh
7o, A FTRFEOHIH U TEKEDNE L, FBIERBOWEELNH /NS WEHEB TS &6, B
P ORI I VIEETH D Z LAVRENT,

F—U—F 4TI, R R0 ourEsR, s, iR



