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Abstract

BACKGROUND: Strawberry is one of the most highly consumed tgruvorldwide.
However, it is highly perishable fruit postharvest.

OBJECTIVE: To assess the effect of dipping strawberry frafter harvest in plant growth
regulators to maintain postharvest quality.

METHODS: Treatments tested were: 2 and 4 mM salicylic 484), 0.25 and 0.50 mM
abscisic acid (ABA) and methyl jasmonate at 0.2% &h50 mM (MeJA). Bioactive
compounds and fungal growth were assessed oveayi?af storage at 4 °C.

RESULTS: Both concentrations of SA and MeJA significantiyppressed weight loss, decay
and respiration rate and 0.50 mM ABA also reducedag. Both concentrations of SA
retarded color development, and total soluble satohtent was enhanced by 0.50 mM ABA
and MeJA treatments. The most effective treatmetpreserving firmness were 0.25 mM

MeJA and 4 mM SA. Reduction in loss of ascorbidda@nd bioactive compounds during
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storage was achieved using the highest concentgaind SA, ABA, and MeJA. Fungal
growth was suppressed by all treatments but thd treatment was MeJA at both
concentrations.

CONCLUSIONS: All three plant growth regulators reduce postharelanges in strawberry

but effects differ amongst the treatments.

Keywords: Fragaria ananassaquality, postharvest storage, bioactive compounds

1. Introduction

Strawberry fruit is considered one of the most paiphorticultural crops world-wide and is a
rich source of important minerals, vitamins (vitan€@), and phytochemicals (anthocyanins
carotenoids and polyphenols), that play a significale in human health [1]. However,
strawberry, a non-climacteric fruit, is highly pgrable with limited shelf-life due to its high
water content, respiration rate, susceptibilitymechanical injury, and to microbial attack
(especially byBotrytis cinerea during storage [2]. Strawberry fruit deterioratapidly after
harvest with loss of economic and nutritional valaed it needs to be harvested at a precise
stage of maturity in order to obtain maximum posthat quality. Hence, there is a demand
not only from the producers but also from the comsts to extend shelf-life and reduce decay
of strawberry fruit.

Recently, many postharvest techniques have bedreagdpr reducing decay of strawberry
fruit such as edible coating withloe veraand ascorbic acid [3], dipping in essential odll [
melatonin treatment [5], controlled atmosphereager[6],y-irradiation [7], hot air and hot
water dipping [2, 8], Nano-ZnO treatment [9], puldight [10], and ethylene action inhibitor
(1-MCP) treatment [11]. However, some of thesetineats are not realistic due to low
customer acceptance or high treatment price. Tbexeit is important to develop novel

effective methods to reduce senescence and enlgaiatiey of strawberry fruit. One of the
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postharvest treatments for reducing senescenceuib$ is application of exogenous plant
growth regulators. However, relatively few previcstsidies have compared the effects of
different plant growth regulators on postharvesiageand quality of strawberry fruits.
Salicylic acid (SA) is a natural compound and ispansible for suppressing ethylene
production and fungal growth such as that Bf cinerea It was reported that SA
concentrations of 1 and 2 mmof lwere the most effective for reducing ethylene puaaidn,
microbial load and retaining overall quality ofastiberry fruits [12]. Moreover, postharvest
treatment with SA enhanced total antioxidant canterstrawberry fruit [13]. It also reduced
weight loss, decay and redness, maintained firmmeskincreased hue angle [14].

Abscisic acid (ABA) is one of the most importanami hormones, acting as an inhibitor of
growth and metabolism. Previous studies indicalbetl ABA plays an important role in fruit
ripening and senescence not only in climacterigdrsuch as tomatoes [15] but also in non-
climacteric fruits such as strawberry [16]. Prewaeports indicated also that ABA might
increase postharvest quality of some fruits suctomsto by enhancing suberin accumulation
[17], and increasing soluble sugar concentratid@. [In strawberry postharvest treatment
with 1, 10 or 100 mM ABA resulted in increased aoalation anthocyanin and softening
mediated by an increase in PAL activity [19, 20. 21

Methyl jasmonatgMeJA) is found naturally in higher plants and play&ey role in plant
defense against pathogen infection. For examplplicapion of exogenous MeJA reduced
postharvest decay of peppers by enhancing tisssistarce toBotrytis cinerea[22] and
reduced decay development in strawberry fruit [28, 25]. Previous studies indicated that
crop quality traits were also improved followingogenous MeJA treatment. For example,
treatment ofFragaria chiloensiswith MeJA also maintained fruit firmness and amyanin
levels [23]. Indeed MeJA treatment was also showrenhance strawberry aroma while

retaining nutritionally important compounds [26].
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To our knowledge, no previous studies have beeioneed, however, to compare the effects
of SA, ABA, and MeJA on storability, physico-chemi@nd sensory quality parameters of
strawberry fruits. Thus, the aim of the currentgtwas to evaluate comparatively the effects
of postharvest treatment with SA, ABA, and MeJAretarding senescence, reducing decay,

and improving quality traits of strawberry fruitrthig storage at 4 °C for 12 days.

2. Materials and methods:

2.1. Plant materials and treatments

Strawberry Fragaria x ananassacv. ‘Festival’ fruits were harvested at commelrcigeness
stage (% of fruit surface showing red colour) frahe Faculty of Agriculture, Cairo
University experimental station and transporteth® postharvest laboratory within 2 h. The
fruits were selected for uniformity of size andragifree from any visual defects, and they
were randomly divided into seven groups (about ft0i@s per group). The strawberry fruit
groups were immersed in the following six solutidas5 min at room temperature (20 °C).
The six solutions for treatments were preparedstiliéd water as follows: SA-2 (2 mmoliL
salicylic acid), SA-4 (4 mmol t salicylic acid), MeJA-0.25 (0.25 mmol L methyl
jasmonate), MeJA-0.50 (0.50 mmot!Lmethyl jasmonate), ABA-0.25 (0.25 mmof!L
abscisic acid), and ABA-0.50 (0.50 mmot labscisic acid). The concentrations used were
selected based on preliminary experiment and puswaork [SA (14), MeJA (23), and ABA
(16)]. The seventh group was the control (CON) aas$ dipped in distilled water. After
immersion, the fruit were recovered using autodiafeeceps and allowed to dry in a laminar
air flow hood at room temperature for 60 min. Afteying, the fruit for each treatment were

packed in clamshells (each containing about 200 fgud) and stored at 4 °C and 90% RH
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for 12 d. Clamshells for each treatment were dididgo two groups. The first group was
stored continuously throughout the experimentalagfe period to determine weight loss and
decay. The second group was used to determine duatity parameters (firmness, total
soluble solids, respiration rate, and colour intghschemical parameters (pH, titratable
acidity, vitamin C, anthocyanin, total phenolic tamt and antioxidants capacity), and fungal
counts. All the measurements were performed at imtegvals of 0, 4, 8 and 12 days after the
treatments and each treatment was replicated timnes. All physical and chemical analyses

were performed on fresh fruits on the day of as$ag. experiment was repeated twice.

2.2. Chemicals

Salicylic acid, methyl jasmonate, abscisic acittykalcohol, ACS spectrophotometric grade,

95.0%, methyl alcohol, gallic acid and Folin & Catteu’s phenol reagent were purchased

from Sigma-Aldrich (USA). Potato dextrose Agaodium carbonate, potassium acetate and

hydrochloric acid were purchased from Al Gomhor{a, Cairo, Egypt.

2.3. Weight loss

Weight loss percentage was determined by weighiagvberry fruits using digital scales on

each sampling day during storage and calculatedyuke following equation:

Weight loss (%) = (Initial weight - Final weightiitial weight) x 100.

2.4. Decay percentages
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The decay percentage was determined at each sgngalint and calculated according to the
following equation:

Decay percentage (%) = (Number of decayed frulistal number of fruits) x 100.

2.5. Firmness (N)

Ten random strawberry fruits from each treatmemnewssed for determining firmness at two
points. The two points tested were located in teetral zone on opposite sides of fruits.
Firmness was measured using a FT011 penetrometgn®Y Instruments, Italy) and values

are presented as Newtons (N).

2.6. Soluble solidsontent{SSC)

Five strawberry fruits were selected for measu8C from each treatment (with three

replicates). The fruits were mixed in a blender 2omins and SSC was determined using a
digital refractometer (model PR101, Co. Ltd., Jgpanroom temperature (25°C). Readings
were taken as % of total soluble solids in thetfrilhe same juice was used for determining

titratable acidity and pH.

2.7.Titratable acidity (TA) and pH

TA of strawberry juice was measured using a digialette and determined by titrating 5 g

(diluted with 50 mL distilled water) of strawberjyice sample with 0.1 mol ‘L sodium

hydroxide to an end point of pH 8.1 and expressedesicent of citric acid in the fruit juice.



151  The pH of the juice was determined using a pH-m¢ErTech, Instruments, pH 510,
152 Singapore).

153

154  2.8. Skin fruit colour

155

156 Skin colour of strawberry fruit was measured wittManolta colorimeter (Model CR-400,
157  KonicaMinolta, INC, Tokyo, Japan) on five fruit peplicate.L*, a*, b*, chroma C*) and
158  hue angle i{°) were determined. Each measurement was takenresd tbcations for each
159 individual fruit. A standard white calibration ptetvas used to calibrate the colorimeter.

160

161  2.9. Respiration rate

162

163  Five separate single fruits were placed in sepayasetight jars (200 ml) at 5°C for 2 h. After
164 2 h, 1 mL of air sample was removed from the heacls@nd was analyzed using asfCD,
165 gas analyzer (model 902D, MA, USA). Respirationeratas expressed as mmol £0
166 kg Fwh

167

168  2.10. Ascorbic acid and total anthocyanin content

169

170  Ascorbic acid (AA) content was determined using itintetric method with 2, 6-
171 dichlorophenol indophenol [27]. The results of Adntent are expressed as mg/100 g fresh
172 weight.

173  Five strawberry fruits were selected randomly freach replicate and homogenized in a
174  laboratory blender (Heidalph DGH Rundfunk- Fernsehieyp-DR 22054, Germany) at high

175 speed to determine anthocyanin and total phena@ipounds. Anthocyanin content was
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determined using the pH-differential method destilby Tonu et al. [28]. Briefly, 4 g of
strawberry puree was extracted with 40 ml of sdlvethanol: 0.1 M HCI (85:15%, V:V).
The mixture was centrifuged at 6.000 x g for 20 @nd then the supernatant was filtered
using Whatman No.1 filter paper; the supernatard w@llected and used for anthocyanin
determination. Extractions were done in triplic&gtracts (3 ml) were diluted in 5 ml of two
different buffers; pH = 1.0 and pH = 4.5. After Bfinutes of incubation at room temperature,
absorption (A) was measured at 510 nm and at 7Q0Thim absorbance values of the diluted
samples (A) were calculated as follows:

A = (As10— A700) PH 1.0 - (As10— A700) pH 45

Total anthocyanin content was calculated as follows

TAC =A x MW x df x 1000/£ x A x m)

Total anthocyanin content was calculated as mgidya3-glucoside equivalent per kg dry
extract (mg C3GE/kg) by using (A) the differenceatlsorbance between pH 1 and pH 4.5
solutions, a dilution factor (df ), conversion faicto kg (1000), a molar absorptivity) (of
24,825 M cmt (at 510 nm), a molecular weight (MW) of 484.82yettie optical path length

(AM)(1 cm), and weight of the sample (m)(Q).

2.11. Total phenolic content

The total phenolic content (TPC) was determineduting to Aaby et al. [29] using Folin-

Ciocalteau reagent with gallic acid as standardyuiits of strawberry puree were centrifuged
at 8000 x g for 20 min at room temperature. Thelteg homogenate was filtered through
filter paper to obtain a clear juice. One mL oflecled clear juice was mixed with 5 mL of a
1/10 dilution of Folin-Ciocalteau reagent and 4 sddium bicarbonate (7.5% w/v), and the

mixture was diluted to 100 mL with distilled watdihe solution was kept in the dark at room
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temperature for 2 h; the absorbance was then maghstir765 nm with a spectrophotometer
(model UV-2401 PC, Shimadzu, Milano, Italia). TP@siexpressed as gallic acid equivalents

in mg per 100 g fresh weight (mg GAE/100 g FW) gsangallic acid standard curve.

2.12. Antioxidant capacity

The effect of different treatments on strawbermitflantioxidant capacity was determined
according to the method of Yen and Chen [30]. Stexwy samples (10 g) were homogenized
in 200 mL of distilled water, and then filtered mgiVWWhatman No.1 filter paper and 5 mL of
filtrate was diluted into 25 mL of distilled wateBtrawberry extract (1 mL) was added to 3
mL of methanol and 1 mL of 2,2-diphenyl-1-picrylligdyl (DPPH) (0.012 g DPPH in 100
mL? of methanol). The mixture was shaken in the damfoam temperature for 10 min. The
absorbance was measured at 517 nm. The antioxigdcity was expressed as % of
inhibition according to the formula:

Inhibition (%) = (Acontroi- AsampiéAcontro) * 100

whereA control andA sample are the absorbance of the control and samegleectively [31].

2.13. Microbiological evaluation

Fruit samples (10 g) were crushed and diluted (vhg in 0.1% buffered peptone water,

homogenized by hand massaging for 5 min and seddlited with buffered peptone water.

The homogenate (0.1 ml) was plated on potato dextagar in duplicate. Fungal counts (log
CFU/g) were determined after incubation at 25-28(G days [32].

2.14. Statistical analysis
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The whole experiment was repeated twice and the wate pooled. Data were subjected to
analysis of variance (ANOVA) with SPSS softwareuf@es of variation were storage period
(days) and treatments. A Duncan testpak 0.05 was used to compare means among

treatments.

3. Results

3.1. Weight loss, respiration rate, and decay werkiced by postharvest treatments

The effect of dipping strawberry cv. ‘Festival’ firin different concentrations of SA, ABA,
and MeJA on weight loss, respiration rate, and yi@eacentage during 12 days of storage at
4°C is shown in Fig. 1. Weight loss n increasedirduthe storage period following all
treatments (Fig. 1A). After 8 days of storage,tadhatments significantlyp(< 0.05) reduced
weight loss compared to the control except the caracentrations of ABA. However, at the
end of the storage period (12 days), only treatmattit 0.25 mM MeJA significantly reduced
weight loss compared to the control.

The 2 and 4 mM SA treated fruits showed signifiog@nt 0.05) reduction of respiration rate
at all storage period time points compared to trerol fruits (Fig. 1B). After 4 and 8 days of
storage, there were no differences in respirat@de between fruit treated with 0.25 and 0.50
mM ABA and the control. However, after 12 days tidrage, treatment of strawberry fruit
with 0.50 mM ABA resulted in greater respirationterahan the control or the other
treatments. MeJA at 0.50 mM significantly reducespiration rate at all storage period time
points.

No decay was observed on the surface of strawlberityafter 4 days of storage after any of

the treatments, however, strawberry fruit treatdgthv2 and 4 mM SA showed greater

10
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resistance against decay when compared with thieat@md the other treatments after both 8
and 12 days of storage (Fig. 1C). Treatment withtilgher concentration of SA resulted in
less surface decay than the lower concentratioaer &t days of storage, however, the
difference between two concentrations of SA was sighificant after 12 days of storage.
Treatment with ABA showed the same trend of reastSA but after 12 days, treatment with
0.25 mM ABA was not effective at reducing decay paned to the control. Treatments with
MeJA (0.25 and 0.50 mM) significantly delayed thevelopment of decay compared to
control fruits throughout the storage periods. Hosveno significant difference was observed

in decay between 0.25 and 0.50 mM MeJA treated frui

3.2. Changes in colour

The effect of dipping strawberry cv. ‘Festival’ firin different concentrations of SA, ABA,
and MeJA on L*, a*, and ascorbic acid content dyrl2 days of storage at 4°C is shown in
Fig. 2. The L* value is an indicator for brightnessthe fruit surface: high values indicate
less pigment accumulation and less ripening whike Ibwer values indicate more intense
colour and more ripening. Results shown in Supptearg Table (1) indicate that L* values
of fruit surfaces generally decreased during swrddter 4 days of storage, the L* values of
fruit subjected to all treatments were significaritigher (lighter colour) than those of the
control except for the 0.25 mM MeJA treatment. AfBedays only the SA treated fruit and
after 12 days the SA treated and the 0.25 mM Jé&tdcefruit, had higher L* values than the
control. p < 0.05).

A positive (+) a* value is an indicator for redneshkile, negative (-) values are a sign of
greenness. Thus a positive a* value is correlatiéd anthocyanin concentration in strawberry

fruits [17]. Here, a* values increased with storatygation from 4 to 8 days following all

11
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treatments (Supplementary Table 1). Both SA treatmeesulted in significantly lower a*
values than the control at all time points (Fig.).2Bhere were no differences in a* values
between the two concentrations of ABA or the lowencentration of MeJA treatment and
the control after 8 storage. However, no differenaere recorded between control and either

concentration of ABA and MeJA after 12 days of atym@.

3.3. Strawberry fruit quality is affected by tre@imts

Firmness, SSC, pH, and titrable acidity (TA) weetedmined as indicators of strawberry fruit
ripening and quality as well as their metabolidwatyt (Table 1). SSC was significantly
0.05) influenced by treatments. SSC at harvest Wa$87+0.13 Brix, and decreased
significantly after 4 d of storage in both contamld most treated fruits (Supplementary Table
1). Treatment with both ABA concentrations redu&&ILC loss compared to the control while
the other treatments had no effect after 4 daystarfige. After 8 and 12 d of storage, both
treatments with ABA (0.25 and 0.50 mM) and MeJA2®.and 0.50 mM) showed
significantly higher SSC values compared to control

Fruit firmness was 4.71+0.03 N at harvest time aedreased during storage after all
treatments (Supplementary Table 1). No signifiaifference was observed between treated
fruit and the control after 4 days of storage (€ab). After 8 and 12 days of storage, fruit
firmness was found significantly (< 0.05) higher in all treated fruits when compavéth
control. Among all treatments, MeJA at 0.25 mM &W at 4 mM showed highest fruit
firmness at both time points during the storagéoger

In the controls, pH rose from dyaO to day 8 andahtfetl back, while TA contents rose from

day O to day 8 and thereafter remained constanppl®mentary Table 1). However,

12
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postharvest treatments with SA, ABA, and MeJA hadctear effect on either character

during storage.

3.4. Effect of treatments on bioactive compoundsaartioxidantcapacity

3.4.1. Changes in ascorbic acid

Ascorbic acid decreased with increasing storage {iang. 2C). No significant difference was
observed in AA amongst all treated fruit and thetoa after 4 days of storage. However after
8 and 12 days of refrigerated storage, treatmefitudafwith 4 mM SA, 0.50 mM ABA, and
0.25 mM MeJA significantly reduce@ (< 0.05) the loss of AA compared to the control.
Neither the lower concentration of SA or ABA wadeato reduce AA loss after 8 or 12 days
of storage. Both concentrations of MeJA also reddoss of AA after 12 days and when used

at 0.25 mM a loss reduction was also seen aftey8 df storage.

3.4.2. Changes in antioxidaoapacity

Antioxidant capacity was 78.32+2.27 % at the bemgigrof the storage period and decreased
with increasing storage periods at 4°C in all eddtuits (Supplementary Table 1). However,
all treated strawberry fruit retained more anti@xt capacity compared to the control
treatment at each time point (Fig. 3A). Furthermatawberries treated with the higher
concentration of SA, ABA, and MeJA showed higheluea of antioxidant capacity at each
time point compared to the lower concentrationgoalgh the difference was not significant

for ABA at day 8 of storage.

3.4.3. Changes in TPC

13
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A slight increase in TPC was observed after 4 adygorage at 4°C in strawberry fruits with
most of the plant hormone treatments, which ranfgech (211- 224) mg GAE/100g FW,
compared to the untreated control (206 GAE/100g M. 3B). After 4 days of storage,
there was a decrease in TPC in all treated frud eantrol (Supplementary Table 1).
However, the fruit treated with the higher concations of all three hormones retained

significantly higher TPC after both 8 and 12 dal/storage compared to the control.

3.4.3. Changes in total anthocyanin content

Total anthocyanin content was significantly affeicby treatment with SA, ABA, and MeJA
(Fig. 3C). Anthocyanin content increased slightiivireen 4 and 8 days of storage following
treatment with the lower concentrations of SA, AB&nd MeJA, but by day 12, it had
decreased (Supplementary Table 1). However, andmicycontent of all treated fruits was
significantly greater at 8 and 12 days of storag@mpmared to the control. Strawberries treated
with the lower concentration of ABA showed the heghanthocyanin content at the end of

storage period followed by the strawberries treatdgld 2 mM SA and 4 mM SA.

3.5. Fungal count (log CFU/g) was affected by pastbst treatments

The effect of dipping strawberry cv. ‘Festival’ firin different concentrations of SA, ABA,
and MeJA on fungal counts (log CFU/g) during sterdgr 12 days at 4°C is presented in
Table 2. The principal decay fungi detected wo&rytis cinereaandRhizopus stolonifeiNo
fungal growth was detected from fruit treated watA (4 mM), ABA (0.50 mM), and MeJA

(0.25 and 0.50 mM) at day 0. At all storage timentso(4, 8 and 12 days) fungal growth in all

14
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treated fruits was either absent or significantiywer than in the controp(> 0.05). After 8
days of storage, fruit treated with the higher @mration of SA and both concentrations of
MeJA recorded significantly lower fungal countsrinthe other treatments or control and
ranged from 2.5 — 2.6 log CFU/g. At the end ofdterage period, the control sample reached
4.2 log CFU/g followed by the SA and ABA treatedif(3.9 log CFU/g). The most effective
treatments for controlling fungal growth were thtconcentrations of MeJA without any

significant difference between them.

4. Discussion

4.1. Weight loss, respiration rate, and colour ches

Our results showed that the most effective treatséar reduction of weight loss were SA
and MeJA. Application of SA has been found to redwater loss during refrigerated storage
of various crops including strawberry [14]. The ipws effects of SA for reducing weight
loss are related to its overall effects in maintagrruit quality [13, 14]. This in turn is likely
due to the effect of SA treatments in reducing iraspn rate and ethylene production
[12,13]. In this study respiration rate was sigrafitly reduced by the SA treatments.

The effect of MeJA in reducing weight loss is likeklated to its effect in reducing loss of
firmness (Table 1). This in turn may be due to @feon total antioxidants [33] that result in
increasing lignin content as observed in previouwskwon Fragaria chiloensisfruit [23].
Treatment with 0.50 mM MeJA also significantly redd the respiration rate during storage
of the strawberry fruit, presumably related to thaintenance of firmness and fruit quality.
This is in agreement with previous work [34] shogvithat whereas in unripe fruit MeJA
increased respiration, at later stages of ripeMegA treatment had the opposite effect. The

increased of respiration rate induced by 0.5 mM A8Auld be due to enhanced ethylene

15
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production elicited by ABA treatment which was poaisly reported in strawberry cv.
‘Everest’ [20].

Here treatment with 4 mM SA resulted in a shinigiler skin colour (higher L* values)
compared to the control throughout storage &C4 Effects of post-harvest treatments on
strawberry colour appear to vary [14]. For examglenM SA treatment oF. ananassav
‘Camarosa’ fruit did not affect lightness (L*) [14The difference to the results presented here
may be due to the cultivar, or the different SA @amration used. In other fruit, lower
moisture loss leads to higher brightness (highevéalties) [35]. This would fit here with the
reduction in weight loss, but would need furtherifiation. No difference was observed in
L* with ABA treatment at later storage time poinls.previous work exogenous application
of 0.1 mM ABA to strawberry fruit, accelerated cofodevelopment by increasing
anthocyanin content and phenylalanine ammonia-lyB#d ) activity [21]. The difference
with our results could be explained by the diffeemn the fruit maturity stage used, or the
method of ABA application, which in the case of Gle al. [21] was via the peduncle.

In this study, the lowest a* values were obtaingdobth SA treatments during all storage
periods. This could be due to the reduction in Welgss (Fig 1.A) and respiration rate (Fig
1.B) leading to a delay in the accumulation of anffanin. Again this contrasts with results
reported by Shafiee et al. [14], who did not fimy @hanges in a* values when strawberry cv.
‘Camarosa’ fruit were dipped in SA. The differentltovar used in this study could again
explain the differences with our results. Compdoethe control, treatment with ABA had no
significant effect on a* value. However, Li et §9] reported a significant increase in a*
value of strawberry fruits using a 1 mM ABA treatmheompared to controls. The difference
with our results could be due to the use of a higleacentration of ABA (1 mM) compared

to our study (0.50 mM).
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4.2. SSC, Firmness, pH, and TA

SA treatment did not significantly affect SSC cartiten agreement with Shafiee et al. [14].
However, in our study, ABA treatments did signiiidg increase SSC content. This is in
agreement with previous work [19] where ABA treatmalso increased colour formation,
and anthocyanin accumulation while decreasing fassn This combined effect was ascribed
to an overall acceleration of ripening. Here firrmmewas actually increased by ABA
treatment. The difference to the previous study netgte to the stage of maturity used for the
studies: in this study fruit were treated at conuiamripeness while in the previous study the
fruit were at the large green stage of maturity.

Firmness is a key factor for strawberry fruit qtialin this study, compared with controls,
strawberry fruit treated with 4 mM SA showed highenness (Table 1), in agreement with a
previous report showing that strawberry cv. ‘Carsatdruits treated with SA had higher
firmness than controls [14]. This result might é&ated to the effects of SA in reducing the
activity of the main cell wall degrading enzymesedin methylesterase, cellulase,
polygalacturonase) and reducing the activity ofyemzs such as lipoxygenase which leads to
higher firmness of fruits [13]. Here MeJA also ieased firmness, in agreement with a
previous study that tested pre-harvest applicatmin®leJA on postharvest qualities Bf
chiloensis In contrast Concha et al [36] found that appiarabf MeJA decreased firmness,
however in their study fruit were treated at a lessture stage which may account for the
difference.

Our results show that SA treatment resulted inghdr TA than the control after 8 and 12
days of storage. This result does not agree witfi&h et al. [14] or Ayub et al [37] who
found that postharvest treatment with SA did ngngicantly affect TA, however these

studies different in the treatment combinationgdydd] and length of treatment [37] making
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a full comparison difficult. Our results do howeipport the hypothesis that SA conserves

acidity in fruits via a reduction in respiratiorted13, 37].

4.3. Ascorbic acid, Total Phenolics, anthocyanid antioxidantcapacity

The positive effect of SA in reducing loss of AAirsagreement with previous studies [13,
33] and is likely due to its stimulation of the symthesis of ROS scavenging enzymes [13].
Treatment with 0.50 mM ABA also significantly inased AA retention. This result is in
agreement with Li et al. [19] who found an increasantioxidant capacity in the first few
days post-harvest but not at later time pointstti@nother hand, Ayub et al. [37] did not find
any changes in AA related to ABA treatment. Thisildobe due to the method of ABA
application, which was performed by injecting 100pfL1 mM ABA diluted in 2% ethanol
solution into the fruit receptacles. In our stut§eJA also reduced AA loss in strawberry
fruits after longer term storage. This is in agreatnwith, Lolaei et al. [38] who reported a
significant increase in AA by treating strawbermsc'Selva’ and ‘Queen Elisa’ fruits with

0.50 and 1 mM MeJA.

The antioxidant capacity of all treated fruits vedieady higher than the control after only 4
days of storage. Moreover effects were most prooedirwith the highest concentration of
each of the growth regulators. This contrasts \thi#n ascorbic acid levels which were not
affected by the treatments at day 4 and suggestgita antioxidant effects of the treatments
were not mediated by changes in ascorbic acid. dtisesnare an important class of
antioxidant compounds in berries [9, 29]. In acemak with Ayala-Zavala et al., [40] MeJA
significantly increased retention of TPC at all¢imoints.

The pattern of the effects of treatments on TPCfalmw quite closely the pattern of
antioxidant capacity changes, although at day 4ftfests of all the treatments on antioxidant

capacity seemed to be more pronounced comparedtettrénd of TPC change, suggesting
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that other antioxidant pathways may also be stitedldy the treatments. The retention of
TPC by treatments with high concentrations of SA dMeJA are consistent with previous
studies indicating that both growth regulators eeahe efficiency of antioxidant systems in
plants [40, 13].

Anthocyanin is one of the major compounds presestrawberries. In our study we observed
few differences in total anthocyanin content aftetays of storage with the treatments tested.
However, at later time points all the treatmengmigicantly improved anthocyanin retention.
This result is in agreement with the study by Ayakwvala et al., [40], where strawberries
treated with MeJA showed the highest values of @oyhnin after 12 days of storage at
7.5°C. Moreover, Yueming and Daryl [41] reportedtthreatment with ABA stimulated
accumulation of anthocyanin and increased ethybeaduction, and suggested that this may
be due to the effects of ABA in enhancing PAL atyiv

The antioxidant capacity of anthocyanins may be ohéheir most significant biological
properties [42], however in our study the pattefeféects of the treatments on anthocyanin
content did not match antioxidant activity closahgdicating that other antioxidants are also

affected by the treatments

4.5. Decay and fungal count (log CFU/qg)

Results presented here show that treatment osfwith SA, ABA, or MeJA reduced decay
development during storage at 4°C. Plants use aleweschanisms to protect themselves from
pathogenic attack; one of them is accumulationA{13, 43]. Botrytis cinereaandRhizopus
stoloniferwere the main decay fungi detected in our study. I®sults are in agreement with
those previously reported [12] showing that postbstr treatment with SA reduced fungal
decay of strawberry cv. ‘Selva’ fruits caused Bwtrytis cinerea The role of SA in

controlling postharvest spoilage is likely due te role in increasing hydrogen peroxide
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(H202) in plants which acts as a signal molecule tovatdi plant resistance systems against
pathogen attack [13]. To our knowledge, no previousk has studied the effect of

exogenous ABA postharvest treatment on the decaglalement of strawberry fruit. Our

results indicate that 0.50 mM ABA retards decayirdycold storage. This result could be due
to induced activity of defence enzymes by the ABRAIsas phenylalanine ammonia-lyase
(PAL) [20]. Our results also showed that MeJA & tivo tested concentrations could delay
the development of decay in strawberry fruits, gneement with previous studies [24, 25,

44]. The action of MeJA here is likely due to itdi@ation of defence pathways [45].

5. Conclusions

In summary, a comparison of our results with therditure clearly indicates the need for
comparative studies using fruit of the same matunitd equivalent application methods. Our
results confirm and expand on previous studies sigwhat application of SA, ABA and
MeJA are potentially useful postharvest treatmémenhance strawberry shelf life. However,
the direct comparison of their effects provided tms study, indicates subtly different
responses that are worthy of further investigatmmnderstand underlying mechanisms and

potential synergies.
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Tables

Table 1: Effect of salicylic acid (2 and 4 mM), aissc acid (0.25 and 0.50 mM), and methyl
jasmonate (0.25 and 0.50 mM) on TSS, firmness goid,acidity of strawberry fruits stored for 12
d at 4 °C. Data are mean of three replicates idstaherrors. Different letters indicate significant

differences amongst treatments at each time pDim¢an testp <0.05%).

Time  Treatment SSC Firmness pH TA

(day) (mM) Brix N % citric acid
0 10.87+0.63 4.71+0.03 3.54+0.06 0.98+0.06
4 2 SA 9.23+0.88 bc 4.11+0.05 a 3.62+0.03 bc  0.92+0.01 ab
4 4 SA 9.23+0.06 bc 4.16+0.03 a 3.57+0.01c 0.97+0.01 a
4 0.25 ABA 9.76+0.16 ab 4.03+0.37 a 3.57+0.02 ¢ 0.91+0.00 ab
4 0.50 ABA 10.43+0.23 a 4.13+0.08 a 3.66+0.00 b 0.89+0.01 b
4 0.25 MeJA 8.63+0.12 ¢ 4.20+0.05 a 3.62+0.01 bc  0.95+0.01 ab
4 0.50 MeJA  9.46x0.08 bc 4.16+0.12 a 3.74+0.01 a 0.93+0.01 ab
4 Control 8.63+0.63 ¢ 4.13+0.14 a 3.64+0.02 b 0.89+0.03 b
8 2 SA 9.46+0.09 bc 3.66+0.03 bc 3.69+0.00ab  0.92+0.01 ab
8 4 SA 9.46+0.17 bc 3.78+0.04 ab 3.58+0.01 c 0.96+0.01 a
8 0.25 ABA 9.61+0.19b 3.50+0.06 ¢ 3.67+0.03 ab 0.91+0.03 bc
8 0.50 ABA 10.56+0.19 a 3.60+0.06 bc 3.69+0.00 ab 0.87+0.01 cd
8 0.25 MeJA 9.96+0.30 ab 3.90+0.10 a 3.65+0.03 b 0.90+0.00 bc
8 0.50 MeJA  10.03+0.49 ab 3.70+0.06 b 3.72+0.01 a 0.88+0.01 cd
8 Control 8.68+0.09 c 3.28+0.04 d 3.71+0.02 a 0.84+0.01d
12 2 SA 9.80+0.06 cd 3.50+0.16 bc 3.57+0.01 a 0.89+0.02 a
12 4 SA 9.70+0.10 cd 3.70+0.06 a 3.50+0.01 a 0.89+0.01 a
12 0.25 ABA 10.11+0.07 bc 3.34+0.03d 3.60+0.07 a 0.86+0.01 ab
12 0.50 ABA 11.23+0.35a 3.43+0.03 cd 3.56+0.03 a 0.87+0.00 ab
12 0.25 MeJA  10.76%0.46 ab 3.60+0.06 ab 3.59+0.07 a 0.89+0.03 a
12 0.50 MeJA  10.18+0.09 bc 3.48+0.04 bcd 3.64+0.05 a 0.88+8lH1
12 Control 9.16+0.44 d 3.13+0.03 e 3.50+0.01 a 0.84+0.00 b
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Table 2: Effect of salicylic acid (2 and 4 mM), ais&c acid (0.25 and 0.50 mM), and methyl jasmonate
(0.25 and 0.50 mM) on mold and yeast (log CFUdd)strawberry fruits stored for 12 d at 4 °C. Data
are mean of 3 replicates + stander errors. Diffeletters indicate significant differences (Dundcast,
P<0.05%).

Treatments Storage period (Days)
0 4 8 12

2 SA 2.60+0.05b 26+0.05c 3.70 £0.06 b 3#96.03 b

4 SA ND* ND 2.53 £0.03d 3.86 £0.03b
0.25ABA 253+0.03b 27+0.03b 3.53 +0.03c 3.86 £0.03Db
0.50 ABA ND 26+0.05c 3.53+0.03c 3.86+0.03b
0.25MeJA ND ND 2.43 +0.03d 3.63 +0.03c
0.50 MeJA ND ND 2.53 £0.03d 3.66 £0.03c

Control 29+0.03a 3.¥0.05a 4.00t 0.06 a 423 £0.03 a

*ND : mean (not detected ) thereisno fungal growth found.
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Figure 1: Effect of salicylic acid (SA) (2 and 4 mMbscisic acid (ABA) (0.25 and 0.50 mM), and
methyl jasmonate (MeJA) (0.25 and 0.50 mM) on (&jght loss (%), (B) respiration rate (mmol £0
kg'FWh™), and (C) decay % of strawberry fruits stored¥ard at 4 °C. Respiration rate at start of
the storage was 24.75+0.32 mmol Tk *FWh. No decay was observed at 4 d from start of the
storage, hus, panel (C) shows just 8 and 12 d. &a&tamean of three replicates. Different letters fo
every storage point indicate significant differem{@uncan tesp < 0.05).
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Figure 2: Effect of salsylic acid (2 and 4 mM), ebg acid (0.25 and 0.50 mM), and methyl

jasmonate (0.25 and 0.50 mM) on (&) value, (B)a* vlaue, and (C) ascorbic acid (mg/100g FW) of
strawberry fruits stored for 12 d at 4 °C* value,a* value, and ascorbic acid value at start of the
storage were 34.52+0.23, 33.60+ 0.20, and 54.83+Ing/100g FW), respectively. Data are mean of
3 replicates. Different letters for every storagenp indicate significant differences (Duncan test,
P<0.05%).
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Figure 3: Effect of salicylic acid (2 and 4 mM), saksic acid (0.25 and 0.50 mM), and methyl
jasmonate (0.25 and 0.50 mM) on (A) antioxidantivigt %, (B) total phenolic compunds (mg
GAE/100 g fw), and (C) total anthocyanin conteng(@8GE/Kg) of strawberry fruits stored for 12 d
at 4 °C. Antioxidant activity, total phenolic compis, and total anthocyanin content at start of the
storage were 78.32+2.27 %, 210.33+2.72 (mg GAE/§Ofv), and 26.22+0.91 (mg C3GE/Kg),
respectively. Data are means of three replicatdferBnt letters indicate significant difference&hin
each time poin(Duncan test, P<0.05%).
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