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Preharvest treatments with salicylates enhance
nutrient and antioxidant compounds in plum
at harvest and after storage

Alejandra Martinez-Espla,® Pedro J Zapata,® Daniel Valero,?
Domingo Martinez-Romero,? Huertas M Diaz-Mula® and Maria Serrano

Abstract

BACKGROUND: Previous reports have addressed the effectiveness of salicylic acid (SA), acetylsalicylic acid (ASA) and methyl-
salicylate (MeSA) postharvest treatments on maintaining quality properties during storage in several commodities. However,
there is no literature regarding the effect of preharvest treatments with salicylates on plum quality attributes (at harvest or
after long-term cold storage), which was evaluated in this research.

RESULTS: At harvest, weight, firmness, individual organic acids, sugars, phenolics, anthocyanins and total carotenoids were
found at higher levels in plums from SA-, ASA- and MeSA-treated trees than in those from controls. During storage, softening,
colour changes and acidity losses were delayed in treated fruits as compared to controls. In addition, organic acids and
antioxidant compounds were still found at higher levels in treated than in control plums after 40 days of storage. Results show a
delay in the postharvest ripening process due to salicylate treatments, which could be attributed to their effect in delaying and
decreasing ethylene production.

CONCLUSION: Preharvest treatment with salicylates could be a safety, eco-friendly and new tool to improve (at harvest)
and maintain (during storage) plum quality and especially its content of bioactive compounds with antioxidant properties,
increasing the health effects of plum consumption.

© 2017 Society of Chemical Industry
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INTRODUCTION been shown to reduce decay (by increasing fruit resistance to dis-
Japanese plums (Prunus salicina Lindl.) are nutritious stone fruits easgs) and chilling injury in nUMerous commodities as well as
with excellent quality attributes and very appreciated by con- o improve other quality properties, such as appearance, texture
X i 8,9 _
sumers, but having a limited postharvest storage life due to their ~ Maintenance and .nutrltlonal. content.® Thus. posth.arvest. trea1t0
climacteric ripening behaviour."? Storage at low temperature is ments with SA maintained higher quality attributes in apricots,
11,12
an appropriate tool to delay the plum postharvest ripening pro- 4% well as ASA and MeSA treatmints on pomegranate, ) .SA ;.ang
cess by decreasing ethylene production, respiration rate, colour ~ ASA treatments on sweet cherry'™ or SA treatments on kiwifruit,
changes and loss of firmness and total acidity."® In addition among others. Recently, postharvest SA treatments have also been

greater effects on maintaining plum quality have been reported shown to reduce chilling injury, softening and colour evolution,
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alginate-based-coatings,® 1-methylcylcopropene, calcium, heat or . . .
L . vious reports regarding the effect of preharvest treatments with
polyamines.! Nevertheless, in recent years research has been per-
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SA, ASA or MeSA on plum quality attributes at harvest or during
storage, although some literature exists concerning this issue in
other fruits. Thus combination of pre- and postharvest treatments
of strawberry with SA decreased fungal decay and maintained
overall quality during storage.'® Similarly, preharvest foliar sprays
of jujube plants with 2.0 mmol L=" SA decreased decay caused
by Alternaria alternata and Monilinia fructicola at harvest, and this
effect persisted and was also evident during cold storage.?° More-
over, SA ASA or MeSA treatment of sweet cherry trees, at 0.5, 1.0
and 2.0mmol L™ concentrations, applied at pit hardening, ini-
tial colour changes and onset of ripening, increased fruit quality
attributes such as weight, firmness and content of total phenolics,
total anthocyanins and antioxidant activity.?' -2

The aim of this research was to evaluate the effect of SA, ASA
and MeSA treatments, applied as foliar spray during on-tree plum
development, on fruit quality attributes at harvest, with special
emphasis on sugars, organic acids, phenolics and anthocynanins
profile because of their impact in organoleptic and antioxidant
properties. In addition, these parameters were also evaluated
after 40days of cold storage plus 1day at 20 °C to discover
whether the effects of these treatments persist after long-term
storage. This could be a safety, eco-friendly and new tool to
improve and maintain plum quality attributes, since no previous
papers regarding plum preharvest treatments with salicylates are
available in the literature.

MATERIALS AND METHODS

Plant material and experimental design

In this study ‘Black Splendor’ plum (Prunus salicina Lindl.) culti-
var was grown on a commercial farm (El Ciruelo) located at Cieza
(Murcia, Spain) along the developmental cycle during the 2015
spring—summer period. Plum trees were 6 years old, planted at
5x3m and grafted onto ‘Mariana’ rootstock. Along the growth
cycle, standard cultural practices, such as pruning, thinning, drip
irrigation system (in which fertilization was applied) and conven-
tional disease treatments were performed. Date for full blossom
was 21 February. The experiment was designed totally at random
in triplicate, using three trees per replicate for each treatment: con-
trol (distilled water), SA at 0.5mmol L~', ASA at 1Tmmol L' and
MeSA at 0.5 mmol L', which were purchased from Sigma-Aldrich
(Madrid, Spain). These doses were chosen according to previous
experiments in which 0.5, 1.0 and 2.0 mmol L~" doses of these
compounds were applied. Trees were treated with recently pre-
pared SA, ASA or MeSA solutions (plus 0.5% Tween-20 as sur-
factant) by foliar spray with a mechanical mist sprayer at three
dates during the plum growth cycle: T1 (at pit hardening, 61 days
after full blossom, DAFB); T2 (initial colour changes, 76 DAFB);
and T3 (onset of ripening, 94 DAFB). These dates corresponded
to key events of plum fruit development, according to previous
experiments.?* The date of commercial harvest was established
based on fruit size (weight ~90g, length>50mm and diame-
ter>55mm), colour (purple skin, with small mahogany-coloured
areas on the shoulders) and content of total soluble solids (TSS,
more than 10 °Brix, or 100 g kg™') characteristic of this cultivar. For
each treatment and replicate, about 200 plums were transferred
to the laboratory, and then six lots of 20 homogeneous fruits were
randomly selected, weighed, labelled and stored at 2 °C. Analytical
determinations were made in recently harvested fruits (day 0) and
in stored fruits for 10, 20, 30,40 and 50 days at 2 °C + 1 day at 20 °C,
using one lot for each replicate taken at random from the cold stor-
age room, except for total carotenoids and individual phenolics,

anthocyanins, organic acids and sugars, which were quantified at
harvest and after 40 days of cold storage plus 1 day at 20 °C.

Ethylene production and respiration rate

For ethylene production and respiration rate quantification each
lot was hermetically sealed in a 3 L jar for 30 min. After that, 1 mL
from the holder atmosphere was withdrawn with a syringe and
injected into a gas chromatograph with flame ionization detector
to quantify ethylene production rate (nmol kg=' s='). Another 1 mL
was used for CO, quantification in a gas chromatograph with
thermal conductivity detector and respiration rate was expressed
as umol kg~'s~'. Chromatographic conditions and equipment
were as previously described.?

Firmness, colour, TSS and total acidity (TA)

For firmness, a TX-XT2i texture analyser (Stable Microsystems,
Godalming, UK) was used by measuring the force—deformation
ratio necessary to achieve a 3% deformation of fruit diameter,
and results were expressed as N mm~". For colour, a colorimeter
(model CRC-20, Minolta, Oxaca, Japan) was used by measuring the
three colour coordinates (L*, a*, b*) at three equatorial points of
the fruit, and colour was expressed as hue angle (arctan b*/a*).
Both parameters were measured in each individual fruit. The 20
fruits of each lot were peeled and the flesh was cut into small
pieces to obtain a homogeneous sample for each replicate. TSS
was determined in duplicate in the juice obtained from 5 g of each
sample with a digital refractometer (model PR-101, Atago Co. Ltd,
Tokyo, Japan) at 20 °C and expressed as g kg~! (mean + SE). TA was
determined in duplicate in the same juice by automatic titration
(785 DMP Titrino, Metrohm, Herisau, Switzerland) with 0.1 mol L~'
NaOH up to pH 8.1, using 1 mL diluted juice in 25 mL distilled H,0O,
and results (mean + SE) were expressed as g malic acid equivalent
kg~ fresh weight (FW). Ripening index (RI) was calculated as the
ratio TSS/TA.

Sugars and organic acids

Five grams of plum flesh from each replicate was homogenized
with 10 mL deionized water using a polytron homogenizer (IKA
Labotechnik, Staufen im Breisgau, Germany) and centrifuged at 10
000 x g for 10 min. The supernatant was used to quantify organic
acids and sugars in duplicate using a high-performance liquid
chromatography (HPLC) system (series 1100, Hewlett-Packard,
Waldbrom, Germany) equipped with a SUPELCOGEL C-610H
(30cmx7.8mm) column (at 30°C), an absorbance detector
(210 nm UV, for acid analysis) and a refractive index detector (for
sugar analysis). The elution system was 0.1% H;PO,, running
isocratically at a flow rate of 0.5mL min~'. Organic acids were
quantified from the absorbance peaks at 210 nm and using cal-
ibration curves performed with malic, citric, ascorbic, succinic
and fumaric acid standards from Sigma (Poole, UK). Results were
expressed as g kg~' FW. Sugars were quantified by comparison of
refractive index peaks with those of standards of glucose, fructose
and sucrose from Sigma (Poole, UK) and results were expressed as
g kg™ FW.

Individual phenolics and anthocyanins

Individual phenolic compounds were quantified as previously
reported.?* In brief, 0.1g lyophilized samples from each repli-
cate was mixed with 1 mL methanol-formic acid-water (25:1:24,
v/v/v), vortexed, sonicated in an ultrasonic bath for 60 min and
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centrifuged at 10 500 x g for 5 min. The supernatant was filtered
through a 0.45 um PVDF filter (Millex HV13, Millipore, Bedford,
MA, USA) and used for quantification in duplicate of individual
phenolics in an HPLC system, which was equipped with a Luna
C18 column (25cm x 0.46 cmi.d., 5 um particle size; Phenomenex,
Macclesfield, UK) and a C18 security guard (4.0 xX3.0mm) car-
tridge system (Phenomenex). The mobile phases A and B were
water-formic acid (99:5, v/v) and acetonitrile, respectively, with
a flow rate of 1 mL min~". The linear gradient started with 8% of
solvent B, reaching 15% of solvent B at 25 min, 22% at 55 and
40% at 60 min, which was maintained up to 70 min. The injec-
tion volume was 20 uL. Chromatograms were recorded at 280,
320, 360, and 520 nm. Different phenolics were characterized by
chromatographic comparison with analytical standards as well
as quantified by the absorbance of their corresponding peaks.
Hydroxycinnamic derivatives, p-coumaroylquinic acid and hydrox-
ybenzoic acid were characterized by chromatographic comparison
according to their retention time and UV-visible spectra. Antho-
cyanin standards (cyanidin 3-glucoside, cyanidin 3-rutinoside and
pelargonidin 3-rutinoside) were purchased from Polyphenols SA
(Sandnes, Norway). Anthocyanins were quantified as cyanidin
3-0-glucoside at 520 nm, cinnamic acids as 5-O-caffeoylquinic acid
at 320 nm, and flavonols as quercetin 3-O-rutinoside at 360 nm,
and expressed as g kg~' FW (mean + SE).

Total carotenoids

Total carotenoids were quantified as previously reported.?* In brief,
5g fresh plum tissue was extracted with acetone (1:3 ratio, w/v)
and shaken with 10 mL diethyl etherand 5 mL of 10% NaCl until the
two phases were completely separated. The lipophilic phase was
washed with 5 mL of 2% Na, SO, and saponified with 5 mL of 10 %
KOH in methanol. Then the pigments were subsequently extracted
with diethyl ether, which was evaporated, and the residue was dis-
solvedin 25 mL acetone. Total carotenoids were estimated by read-
ing the absorbance at 450 nm in a UNICAM Helios-a spectropho-
tometer (Cambridge, UK), and expressed as g ff-carotene equiva-
lent kg~ FW, taking into account the molar absorption coefficient
(€1% cm) of 2560, and the results were the mean + SE.

Statistical analysis

Analytical determinations were performed in duplicate (two tech-
nical replicates, except colour and firmness, which were measured
independently in each fruit) in three lots of 20 fruits (three bio-
logical replicates). Data were subjected to analysis of variance
(ANOVA), sources of variation being days of storage and treatment.
Mean comparisons were performed using Tukey’s HSD (honest
significant difference) test to examine whether differences were
significant at P < 0.05. All analyses were performed with SPSS soft-
ware package 12.0 for Windows.

RESULTS AND DISCUSSION

Ethylene production and respiration rate

Preharvest treatments with SA, ASA and MeSA decreased ethy-
lene production with respect to control fruits, both at harvest and
during storage time (Fig. 1). In control plums, ethylene produc-
tion increased from day 0 to day 20, at which the maximum ethy-
lene production was reached with values of 0.059 +0.003 nmol
kg~"s7!, whereas in treated plums this peak was reached later:
10days later in SA- and ASA-treated plums and 20 days later in

MeSA-treated ones. In addition, the maximum ethylene produc-
tion was significantly lower in all treated plums than in controls
(Fig. 1). Respiration rate increased during storage time in plums
from control and treated trees, although it was also significantly
lower in treated plums than in controls, without significant differ-
ences among SA-, ASA- and MeSA-treated plums (Fig. 1). Accord-
ingly, reduced respiration rate and ethylene production have been
observed after postharvest treatment with salicylates in a wide
range of fruits; for example, in custard apples dipped in SA at
0.4, 0.8 and 1.2mmol L' for 15min and stored at 15°C%; in
kiwifruit dipped in ASA at 1 mmol L™ for 5min'#; in strawber-
ries treated with SA at 1-4mmol L™',’® and even in ‘Qingnai’
plums dipped in SA at 1.5mmol L=' for 10 min and stored at
1°C."8 In addition, it has been shown that fruit response to sal-
icylate treatments on ethylene production depends not only on
the concentration used but also on the stage of fruit develop-
ment. Thus treatment of tomato fruit at green mature stage with
MeSA at 1 mmol L~ for 16 h increased ethylene production dur-
ing storage at 20 °C, whereas it was reduced in tomato treated at
breaker stage. This effect of salicylates on inhibiting ethylene pro-
duction has been attributed to the ability of salicylates to inhibit
1-aminocyclopropane-1-carboxylic acid (ACC) synthase and ACC
oxidase, the main enzymes involved in ethylene biosynthesis.'#26
Moreover, Yin et al.'* reported that ASA may also interfere with
ethylene perception.

Fruit quality parameters
Fruit quality parameters of plum fruits at harvest, such as weight,
TA and firmness, were significantly affect by preharvest salicy-
late treatment. Thus fruit weight of plums from SA-, ASA- and
MeSA-treated trees was higher than those from controls, the
main effect being found for SA treatment, with increases of
~25% (Table 1). This increase in fruit weight led to a significant
increase in total yield, with 28.01 +1.39kg per tree in control
trees and 34.07 +1.71, 32.58 +2.09 and 31.42+1.70kg per tree
in those treated with SA, ASA and MeSA, respectively (Table 1),
whereas no significant effect was observed on the number of
fruit per tree (data not shown). Accordingly, significant increases
in cluster weight and yield were observed in vines sprayed with
1.5 or 2.0mmol L™' SA, compared to controls.?’” These results
prove that treatment with salicylates has the effect of increas-
ing net photo-assimilate production of plum trees and/or the sink
strength of developing fruits. In this sense, it has been reported
that SA foliar application increased chlorophyll content, photo-
synthetic rate and total dry weight in ginger plants?®; increased
activity of Rubisco and total yield have also been found after SA
treatment in maize and mustard plants.?®

Plums were harvested upon reaching their commercial ripen-
ing stage, according to their external colour (purple skin, with
small mahogany-coloured areas on the shoulders) and TSS con-
tent, which should be higher than 10 °Brix (100 g kg~') for this
cultivar. In this research, plums from control and treated trees were
harvested on the same date, and then it could be inferred that
salicylate treatment did not affect the on-tree plum ripening pro-
cess. In fact, colour, expressed as hue angle, and ripening index
(TSS/TA) showed similar values in control and treated plums (Fig. 2
and Table 1). However, other quality parameters, such as TA, TSS
and firmness, were significantly higher (P < 0.05) in plums from
treated trees than in controls, although no significant differences
were found between SA-, ASA- and MeSA-treated plums (Table 1
and Fig. 2). Taking into account that all trees (control and treated)
were located on the same farm, submitted to the same cultural
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Figure 1. Ethylene production and respiration rate during storage of plums from control trees and those treated with salicylic acid (SA), acetylsalicylic
acid (ASA) or methylsalicylic acid (MeSA). Data are the mean =+ SE of three replicates of 20 fruits. Different lower-case letters indicate significant differences

(P < 0.05) among treatments for each sampling date.

Table 1. Yield (kg per tree), fruit weight at harvest and soluble solids (TSS), total acidity (TA) and ripening index (RI) at harvest (Day 0) and after
50 days of storage at 2 °C + 1 day at 20 °C (Day 50) in ‘Black Splendor’ plums as affected by preharvest treatments with salicylic acid (SA, 0.5 mmol L"),
acetylsalicylic acid (ASA, T mmol L=") and methylsalicylic acid (MeSA, 0.5 mmol L")

Control SA ASA MeSA

Yield (kg per tree) 28.01 +1.39a 34.07 +1.71b 32.58 +2.09bc 31.42 +1.70c
Fruit weight (g) 92.21 +2.24a 114.91 +4.35b 102.11 +3.21c 99.23 +2.61c
TSS (g kg™") Day 0 1173 +2.1Aa 124.0 = 1.5Ab 1249 +2.1Ab 123.0 +1.1Ab

Day 50 133.2+1.2Ba 127.0 +1.3Ab 127.5 + 1.0Ab 127.3 +1.9Ab
TA(gkg™) Day 0 15.7 + 0.4Aa 17.7 +0.03Ab 16.4 + 0.04Ac 17.6 +0.07Ab

Day 50 9.3 +0.2Ba 13.4 +£0.02Bb 13.0 £0.03Bb 12.6 +0.02Bc
RI (TSS/TA) Day 0 747 +£0.15Aa 7.56 +0.11Aa 7.05 +0.31Aa 6.99 + 0.24Aa

Day 50 14.32 +0.55Ba 9.48 +0.14Bb 9.81 +0.22Bb 10.10 +0.22Bc

differences (P < 0.05) among treatments for each sampling date.

For each parameter, different upper-case letters denote significant differences (P < 0.05) during storage, whereas lower-case letters denote significant

practices (irrigation, fertilization, etc.) and under similar environ-
mental conditions, these differences between plums from control
and treated trees should be attributed just to the effect of salicylate
treatment.

During storage fruit firmness decreased, this decrease being
significantly delayed (by 20 days) in all treated fruits with respect
to controls, although no significant differences were observed
among SA, ASA and MeSA treatments (Fig. 2). In a similar way, hue
angle decreased during storage, which was delayed by 20 days in
plums from treated trees as compared with controls (Fig. 2). Hue
angle has been reported to be a good colour index to show the
occurrence of the typical colour changes from green to purple
in plum cultivars with red-purple skin, since it decreases during
ripening (either on-tree or during postharvest storage).*?* On the
other hand, TSS gradually increased and TA gradually decreased
during storage, leading to increases in R, these changes having
been also delayed as a consequence of treatment with salicylates
(data not shown). Thus the greatest differences between control
and treated fruits were found on the last sampling date, in which

TSS content was lower in treated than in control fruits, while
TA was higher. Values for Rl were then higher in control than
in treated fruits, although in general no significant differences
were observed among SA, ASA and MeSA treatments (Table 1).
Decreases in firmness, hue angle and TA, and increases in TSS and
Rl, show the evolution of the postharvest ripening process of ‘Black
Splendor’ plums as has been reported in a wide range of plum cul-
tivars — either Japanese or European ones.*% However, it is worth
noting that these changes were significantly delayed (P < 0.05) in
plums from salicylate-treated trees as compared with those from
controls (Table 1 and Fig. 2). According to data from quality param-
eters, the maximum storage time was established as 30 days for
control fruits and 50 days for treated ones, since after this storage
period plum fruits were overripened and with poor quality for con-
sumption. Thus the concentrations of individual sugars, organic
acids, phenolics and anthocyanins, as well as total carotenoid
concentration, were measured at harvest and after 40 days of
storage, and at an intermediate period between them. The
observed effect of salicylates on delaying changes on quality
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Figure 2. Fruit firmness and skin colour (expressed as hue angle) evolution during storage of plums from control trees and those treated with salicylic acid
(SA), acetylsalicylic acid (ASA) or methylsalicylic acid (MeSA). Data are the mean + SE of three replicates of 20 fruits. Different lower-case letters indicate

significant differences (P < 0.05) among treatments for each sampling date.

parameters related to plum postharvest ripening could be
attributed to their effect on delaying and decreasing ethy-
lene production, given the climacteric behaviour of this plum
cultivar."1%24 Similarly, it has been recently reported that posthar-
vest SA treatment maintained quality parameters during storage
in other plum cultivars, such as ‘Santa Rosa’'*'® and ‘Satluj’"’
throughout a reduction in ethylene production. However, the
present results show that preharvest treatment with salicylates
not only maintained quality attributes during storage but was also
effective in increasing them at harvest time.

Sugar and organic acid concentration

Fruit taste appears to be the main factor in the consumer accep-
tance of Japanese plum, which is largely dependent upon the
concentrations of individual sugars, organic acids and their ratio,
since they emit very low levels of aroma volatile compounds.? The
sugar profile in Japanese plums seems to be dependent on culti-
vars. Thus, in ‘Black Splendor’ plums, the major sugars at harvest
were fructose and sucrose, followed by glucose either in fruits from
control trees or in those from salicylate-treated ones, as well as in
‘Amber Jewel’ and ‘Blackamber’ cultivars.3° However, in ‘Red Beaut’
plums, fructose presented the highest concentration, followed by
glucose, whereas sucrose was found at the lowest concentration.3'
After 40 days of cold storage +1 day at 20 °C, sucrose concentra-
tion decreased whereas glucose and fructose concentrations
increased with respect to concentration at harvest (Fig. 3), show-
ing the conversion of sucrose into glucose and fructose during
cold storage. Similarly, sucrose decreased and fructose and glu-
cose increased in ‘Amber Jewel’ plums, whereas no changes in
sugar concentrations were found in ‘Blackamber’ plums.3® In
addition, sucrose concentration at harvest was significantly higher
(P < 0.05) in plums from treated trees than in those from controls,
whereas no significant effect attributed to salicylate treatments
was observed in fructose or glucose concentration. On the other

hand, after 40 days of storage, sucrose, glucose and fructose con-
centrations were similar in plums from control and treated trees
(Fig. 3).

The main organic acid in ‘Black Splendor’ plum was malic acid,
with a concentration at harvest of 13.7 + 0.4g kg™ in control
plums and significantly higher, between 14.8 and 16.3g kg~' in
plums from SA-, ASA- and MeSA-treated trees (Fig. 4), followed
by citric acid, which was also found at higher concentration in
plums from treated trees than in those from controls. Minor
organic acids were fumaric, ascorbic and succinic acids, although
salicylate treatments led also to higher concentrations of fumaric
and ascorbic acids with respect to controls, whereas for succinic
acid this effect was only evident for SA treatment (Fig. 4). During
storage malic acid decreased in control and treated plums, being
responsible for the reduction in TA (Table 1). Nevertheless, malic
acid concentration was still higher in plums from treated trees
than in those from controls after 40 days of storage. A similar trend
was observed for ascorbic acid, whereas concentrations of citric
and fumaric acids increased from day 0 to day 40 of storage and
no changes occurred in succinic acid concentration. The decrease
in ascorbic acid during storage could be due to the conversion
of dehydroascorbic to diketogulonic acid by oxidation due to
ascorbate oxidase.'> However, it is important to note the effect of
preharvest salicylate treatments in maintaining plum ascorbic acid
levels during postharvest storage, due to its role as antioxidant
with health beneficial effects in human beings.3? Accordingly,
Kazemi et al.?6 and Davarynejad et al.'® showed that postharvest
salicylic acid treatment had a significant influence on retaining
ascorbic acid content during storage in apples and ‘Santa Rosa’
plums, respectively.

Phenolics, anthocyanins and carotenoids
Plums are a rich source of antioxidant compounds with health
beneficial effects, such as phenolics, including anthocyanins,
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Figure 4. Effects of salicylic acid (SA), acetylsalicylic acid (ASA) and methylsalicylic acid (MeSA) preharvest treatments on concentration of mali, citric,
fumaric, ascorbic and succinic acids in plums at harvest (Day 0) and after 40 days of storage at 2 °C plus 1 day at 20 °C (Day 40). Data are the mean + SE
of three homogeneous samples or replicates of 20 fruits. Different lower-case letters indicate significant differences (P < 0.05) among treatments for each

sampling date.

carotenoids and ascorbic acid, as compared with other fruits of
the Mediterranean diet, although important differences in their
concentration are found depending on cultivar.3233 Eight indi-
vidual phenolic compounds - one cinnamic acid, five flavonols
and two anthocyanins — were identified and quantified using
an HPLC-diode array detection-electrospray ionization-mass
spectrometry (MS") system, at harvest time and after 40 days of
storage. Neochlorogenic acid was the major hydroxycinnamic acid
in ‘Black Splendor’ plum; it was found at higher concentrations in
plums from salicylate-treated trees than in those from controls,

and these differences were still noticeable after 40 days of cold
storage. In a similar way, the flavonols quercetin 3-arabinoside,
quercetin 3-ruthinoside, quercetin 3-rhamnoside and quercetin
3-xyloside were also increased by preharvest salicylate treatment,
whereas no significant differences were observed between control
and treated plums for quercetin 3-glucoside (Fig. 5). Most of these
flavonols remained at higher concentrations in treated than in
control plums after 40 days of storage. A similar profile of hydrox-
ycinnamic acid derivatives and flavonols has been reported in
other plum cultivars, such as ‘Angeleno’, ‘Black Beaut’ and ‘Santa
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Figure 5. Effects of salicylic acid (SA), acetylsalicylic acid (ASA) and methylsalicylic acid (MeSA) preharvest treatments on concentration of neochlorogenic
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treatments for each sampling date.

Rosa’3* Regarding anthocyanins, two individual anthocyanins
were identified and quantified, the main one being cyanidin
3-glucoside, followed by cyanidin 3-rhutinoside, according to
previous reports in a wide range of purple plums cultivars such
as ‘Blackamber’, ‘Larry Ann’, ‘Laetitia’, ‘Ruby Red’ and ‘Saphire’,
among others.*3> However, in other violet and yellow-violet plum
cultivars, cyanidin 3-ruthinoside has been found at higher concen-
trations than cyanidin 3-glucoside.3® In any case, it is interesting
to note that SA, ASA and MeSA preharvest treatments led to
increased levels of both anthocyanins in plum flesh, and these
levels were maintained at significantly higher concentrations
after 40days of storage (Fig.6). Moreover, the concentration of
total carotenoids at harvest was also found at higher levels in
plums from SA-, ASA- and MeSA-treated trees than in those from
controls, and these differences were maintained after 40 days of
storage (Fig. 6).

No previous reports are available regarding the effect of these
treatments on anthocyanin content in plums, and with respect
to their effect on phenolic content just one paper has been pre-
viously published, in which SA postharvest treatment of ‘Santa
Rosa’ plum led to maintenance of higher total phenolic con-
tent during storage with respect to control fruits."” Neverthe-
less, some papers exist on other fruits for comparative purposes.
Thus preharvest treatments with SA, ASA and MeSA of sweet
cherry trees increased total phenolics and total anthocyanins of
fruits at harvest and these differences were maintained during
storage, leading to fruits with higher antioxidant activity with
respect to controls.2'-2 Accordingly, SA preharvest treatments of

table grape led to higher levels of these bioactive compounds
at harvest and during postharvest storage.?” On the other hand,
postharvest treatments with SA, ASA or MeSA maintained total
phenolics, anthocyanins and antioxidant activity during cold stor-
age in pomegranate,'"'? sweet cherry,’> cornelian cherry fruit®’
and apricot,'® and these enhancements were attributed to an
increase in phenylalanine ammonia lyase activity, which is the
main enzyme involved in the biosynthetic phenolic pathway. Since
carotenoids and phenolics, including anthocyanins and ascorbic
acid, have been proved to have beneficial effects against degener-
ative diseases,>383° preharvest treatment with salicylates would
provide fruit with increased health beneficial effects for human
consumption.

CONCLUSIONS

Overall, results show that preharvest treatments of plum trees
with salicylates increased plum quality parameters at harvest,
since higher fruit weight, firmness, organic acids and sucrose
concentration were found in plums from treated trees. In addition,
the concentrations of individual phenolics and anthocyanins were
also found at higher levels in plums from treated trees than in
those from control ones, both at harvest and after prolonged cold
storage. Moreover, softening, colour evolution and acidity losses
during storage occurred at lower rates in treated than in control
plums, which were attributed to the effect of salicylate treatments
on delaying and decreasing ethylene production during storage.
Thus preharvest treatment with salicylates could be a safety,
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Figure 6. Effects of salicylic acid (SA), acetylsalicylic acid (ASA) and methylsalicylic acid (MeSA) preharvest treatments on concentration of individual
anthocyanins and total carotenoids in plums at harvest (Day 0) and after 40 days of storage at 2 °C plus 1 day at 20 °C (Day 40). Data are the mean + SE
of three homogeneous samples or replicates of 20 fruits. Different lower-case letters indicate significant differences (P < 0.05) among treatments for each

sampling date.

eco-friendly and new tool to improve and maintain plum quality
attributes, and especially the content on antioxidant compounds
with health beneficial effects.

ACKNOWLEDGEMENTS

This work has been co-funded by the Spanish Ministry of Econ-
omy and Competitiveness (MINECO) and the European Commis-
sion with FEDER funds through Project AGL2012-35402/ALI. The
authors would like to thank El Ciruelo SA for valuable help in pro-
viding the plum field for salicylate treatments.

REFERENCES

1 Valero D and Serrano M, Postharvest Biology and Technology for Preserv-
ing Fruit Quality. CRC/Taylor & Francis, Boca Raton, FL, pp. 7-90 (2010).

2 Crisosto GM, Crisosto CH, Echeverria G and Puy J, Segregation of plum
and pluot cultivars according to their organoleptic characteristics.
Postharvest Biol Technol 44:271-276 (2007).

3 Diaz-Mula HM, Zapata PJ, Guillén F, Martinez-Romero D, Castillo S, Ser-
rano M et al., Changes in hydrophilic and lipophilic antioxidant activity
and related bioactive compounds during postharvest storage of yellow
and purple plum cultivars. Postharvest Biol Technol 51:354-363 (2009).

4 Diaz-Mula HM, Zapata PJ, Guillén F, Valverde JM, Valero D and Serrano M,
Modified atmosphere packaging of yellow and purple plum cultivars.
2. Effect on bioactive compounds and antioxidant activity. Postharvest
Biol Technol 61:110-116 (2011).

5 Guillén F, Diaz-Mula HM, Zapata PJ, Valero D, Serrano M, Castillo S et al.,
Aloe arborescens and Aloe vera gels as coatings in delaying postharvest
ripening in peach and plum fruit. Postharvest Biol Technol 83:54-57
(2013).

6 Valero D, Diaz-Mula HM, Zapata PJ, Guillén F, Martinez-Romero D,
Castillo S etal., Effects of alginate edible coating on preserving fruit
quality in four plum cultivars during postharvest storage. Postharvest
Biol Technol 77:1-6 (2013).

7 Kumar D, Salicylic acid signalling in disease resistance. Plant Sci
22:127-134(2014).

8 Asghari M and Aghdam MS, Impact of salicylic acid on post-harvest
physiology of horticultural crops. Trends Food Sci Technol 21:502-509
(2010).

9 Glowacz M and Ree D, Using jasmonates and salicylates to reduce losses
within the fruit supply chain. Eur Food Res Technol 242:143-156 (2015).

10 Wang Z, Ma L, Zhang X, Xu L, Cao J and lJiang W, The effect of
exogenous salicylic acid on antioxidant activity, bioactive compounds
and antioxidant system in apricot fruit. Sci Hortic 181:113-120 (2015).

11 Sayyari M, Castillo S, Valero D, Diaz-Mula HM and Serrano M, Acetylsal-
icylic acid alleviates chilling injury and maintains nutritive and bioac-
tive compounds and antioxidant activity during postharvest storage of
pomegranates. Postharvest Biol Technol 60:136-142 (2011).

12 Sayyari M, Babalar M, Kalantari S, Martinez-Romero D, Guillén F, Ser-
rano M et al., Vapour treatments with methyl salicylate or methyl jas-
monate alleviated chilling injury and enhanced antioxidant potential
during postharvest storage of pomegranates. Food Chem 124:964-970
(2011).

13 Valero D, Diaz-Mula HM, Zapata PJ, Castillo S, Guillén F, Martinez-
Romero D etal., Postharvest treatments with salicylic acid, acetylsal-
icylic acid or oxalic acid delayed ripening and enhanced bioactive
compounds and antioxidant capacity in sweet cherry. J Agric Food
Chem 59:5483-5489 (2011).

14 Yin XR, Zhang Y, Zhang B, Yang SL, Shi YN, Ferguson IB et al., Effects
of acetylsalicylic acid on kiwifruit ethylene biosynthesis and signalling
components. Postharvest Biol Technol 83:27-33 (2013).

15 Davarynejad GH, Zarei M, Nasrabadi ME and Ardakani E, Effects of sal-
icylic acid and putrescine on storability, quality attributes and antioxi-
dant activity of plum cv. ‘Santa Rosa’. J Food Sci Technol 52:2053-2062
(2015).

16 Sharma S and Sharma RR, Impact of staggered treatments of novel
molecules and ethylene absorbents on postharvest fruit physiology
and enzyme activity of ‘Santa Rosa’ plums. Sci Hortic 198:242-248
(2016).

17 Majeed R and Jawandha SK, Enzymatic changes in plum (Prunus salic-
ina Lindl.) subjected to some chemical treatments and cold storage.
J Sci Food Agric 53:2372-2379 (2016).

18 Luo Z, Chen C and Xie J, Effect of salicylic acid treatment on alleviating
postharvest chilling injury of ‘Qingnai’ plum fruit. Postharvest Biol
Technol 62:115-120 (2011).

19 Babalar M, Asghari M, Talaei A and Khosroshahi A, Effect of pre-
and postharvest salicylic acid treatment on ethylene production, fun-
gal decay and overall quality of Selva strawberry fruit. Food Chem
105:449-453 (2007).

20 CaoJK, Yan JQ, Zhao YM and Jiang WB, Effects of four pre-harvest foliar
sprays with f-aminobutyric acid or salicylic acid on the incidence of
post-harvest disease and induced defence responses in jujube (Zizy-
phus jujuba Mill.) fruit after storage. J Hortic Sci Biotechol 88:338-344
(2013).

21 Giménez MJ, Valverde JM, Valero D, Guillén F, Martinez-Romero D,
Serrano M et al., Quality and antioxidant properties on sweet cherries

J Sci Food Agric 2018; 98: 2742-2750

© 2017 Society of Chemical Industry

wileyonlinelibrary.com/jsfa

aup Aq peueoB e 1L YO 88N J0 S3 I 0y AReIq 17 2UIIUO AB]1M O (SUORIPLOD-PLIR-SWLLIBYLI0D"AB| W Afeid1jou 1 UO//STY) SUORIPUOD) PUe SIS L 3U) 885 *[7202/20/50] U0 AR.q1T 2UIIUO A8]1M ‘BUIE 8Q ZopUeuRH PNBI *N AQ 0228 IS1/Z00T 0T/10p/W00 A3 ARG [BU|UO//'ScY LI pepeojumod *Z ‘8TOZ ‘0T00L60T




@)
SCI

WWW.S0Ci.org

A Martinez-Espla et al.

22

23

24

25

26

27

28

29

30

as affected by preharvest salicylic and acetylsalicylic acids treatments.
Food Chem 160:226-232 (2014).

Giménez MJ, Valverde JM, Valero D, Diaz-Mula HM, Zapata PJ, Serrano
M etal., Methyl salicylate treatments of sweet cherry trees improve
fruit quality at harvest and during storage. Sci Hortic 197:665-673
(2015).

Giménez MJ, Serrano M, Valverde JM, Martinez-Romero D, Castillo
S, Valero D etal., Preharvest salicylic acid and acetylsalicylic acid
treatments preserve quality and enhance antioxidant systems dur-
ing postharvest storage of sweet cherry cultivars. J Sci Food Agric
97:1220-1228 (2017).

Martinez-Espla A, Zapata PJ, Castillo S, Guillén F, Martinez-Romero D,
Valero D etal., Preharvest application of methyl jasmonate (MeJA) in
two plum cultivars. 1. Fruit growth and quality attributes at harvest.
Postharvest Biol Technol 98:98-105 (2014).

Mo Y, Gong D, Liang G, Han R, Xie J and Li W, Enhanced preserva-
tion effects of sugar apple fruits by salicylic acid treatment during
post-harvest storage. J Sci Food Agric 88:2693-2699 (2008).

Kazemi M, Aran M and Zamani S, Effect of salicylic acid treatments on
quality characteristics of apple fruits during storage. Am J Plant Physiol
6:113-119(2011).

Champa WAH, Gill MIS, Mahajan BVC and Arora NK, Preharvest salicylic
acid treatments to improve quality and postharvest life of table grapes
(Vitis vinifera L.) cv. Flame Seedless. J Food Sci Technol 52:3607-3616
(2015).

Ghasemzadeh A and Jaafar HZE, Interactive effect of salicylic acid on
some physiological features and antioxidant enzymes activity in ginger
(Zingiber officinale Roscoe). Molecules 18:5965-5979 (2013).
Fariduddin Q, Hayat S and Ahmad A, Salicylic acid influences net
photosynthetic rate, carboxylation efficiency, nitrate reductase activity
and seed yield in Brassica juncea. Photosynthetica 41:281-284 (2003).
Shing SP, Shing Z and Swinni EE, Sugars and organic acids in
Japanese plums (Prunus salicina Lindell) as influenced by maturation,

31

32

33

34

35

36

37

38

39

harvest date, storage temperature and period. Int J Food Sci Technol
44:1973-1982 (2009).

Melgarejo P, Calin-Sdnchez A, Hernandez F, Szumny A, Martinez
JJ, Legua P etal, Chemical, functional and quality properties of
Japanese plum (Prunus salicina Lindl.) as affected by mulching. Sci Hor-
tic 134:114-120 (2012).

Igwe EO and Charlton KEA, Systematic review on the health effects
of plums (Prunus domestica and Prunus salicina). Phytother Res
30:701-731(2016).

Serrano M, Diaz-Mula HD and Valero D, Antioxidant compounds in
fruits and vegetables and changes during postharvest storage and
processing. Stewart Postharvest Rev 1:1 (2011).

Tomas-Barberdn FA, Gil MI, Cremin P, Waterhouse AL, Hess-Pierce B
and Kader AA, HPLC-DAD-ESIMS analysis of phenolic compounds
in nectarines, peaches, and plums. J Agric Food Chem 49:4748-4760
(2001).

Venter A, Joubert E and De Beer D Nutraceutical value of yellow-
and red-fleshed South African plums (Prunus salicina Lindl.): evaluation
of total antioxidant capacity and phenolic composition. Molecules
19:3084-3109 (2014).

Sahamishirazi S, Moehring J, Claupein W and Graeff-Hoenninger S,
Quality assessment of 178 cultivars of plum regarding phenolic, antho-
cyanin and sugar content. Food Chem 214:694-701 (2017).
Dokhanieh AY, Aghdam MS, Fard JR and Hassanpour H, Postharvest
salicylic acid treatment enhances antioxidant potential of cornelian
cherry fruit. Sci Hortic 154:31-36 (2013).

Gupta UC and Gupta SC, Phytochemicals and antioxidants: an evalua-
tion in understanding the human lifeline. Curr Nutr Food Sci 9:298-309
(2013).

Vizzotto M, Porter W, Byrne D and Cisneros-Zevallos L, Polyphenols of
selected peach and plum genotypes reduce cell viability and inhibit
proliferation of breast cancer cells while not affecting normal cells.
Food Chem 164:363-370 (2014).

wileyonlinelibrary.com/jsfa

© 2017 Society of Chemical Industry

J SciFood Agric 2018; 98: 2742 -2750

S5UB17 SLOWILLOD SAERID 3|0ed! dde 8U) Aq pauLRA0D 88 S3[0 1L YO B8N JO S3IMNJ J0J A1q 1T 3UIIUO A1 UO (SUONIPUD-PUR-SLUIBY/WI0D A8 | I Ase1q 1 U IUO//:SaNY) SUORIPUOD PUe SWS L L) 89S *[7202/20/50] uo ARiqiauluo As|im ‘audi3 od zepueussH RNBIN N Aq 0/28)S(/200T 0T/10p/w0d A8 | Aeiq 1 putiuo//Sany woiy papeo|umod ‘. ‘8T0Z ‘0T00L60T



