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Abstract

Postharvest treatments with extracts from two wild edible plants (Orobanche crenata and
Sanguisorba minor), water solutions of two inorganic salts (calcium chloride, CaCl,, and
sodium bicarbonate, NaHCQ;), and their combination (i.e., extracts with added CaCl, or
NaHCOs), were assayed to control sweet cherry postharvest diseases. Three extract
concentrations for each plant were assayed, corresponding to 0.170, 0.340, and 0.510 g dry
matter/mL and to 0.125, 0.250, and 0.500 g dry matter/mL for S. minor and O. crenata,
respectively. At the lowest and the highest concentrations tested, S. minor extract was able
to inhibit rot development in stored fruit by 79 and 89%, respectively, with an efficacy
comparable to that of CaCl, and NaHCOs; for O. crenata extract such inhibition ranged
between 64 and 76%, respectively. A dose effect was observed only for O. crenata.
Moreover, the level of control was not improved by the combined application of plant
extracts and salts. HPLC analysis of O. crenata extract showed verbascoside as the main
phenolic compound, being about 95% of total phenolics; S. minor phenolic pattern appeared
to be more complex, due to the presence of caffeic acid derivatives, quercetin-3-glucoside,
kaempferol-3-glucoside and other quercetin, kaempferol, and luteolin derivatives, as well as
many other unidentified compounds. Residues of phenolics resulting from plant extracts in
treated sweet cherries after storage were below the analytical limit of detection. The study
demonstrated that S. minor and O. crenata extracts might represent an alternative organic

mean for controlling sweet cherry postharvest decay.

Keywords:  Prunus avium L., verbascoside, flavonoids, antimicrobial, postharvest rot,

cold storage.

1. Introduction
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Sweet cherry (Prunus avium L.) cv. Ferrovia is greatly appreciated by consumers for its
nutritional and organoleptic features. It is principally cultivated in the province of Bari
(Apulia region, Southern Italy) which, with about 33,500 tons, represents 33% of the total
Ttalian sweet cherry production (ISMEA, 2012). The preservation of quality during
postharvest storage is crucial for its competitiveness, since it allows extension of marketing
and maintenance of high selling price. However, factors including water loss, softening,
peduncle discolouration and dehydration, and postharvest rots, cause a rapid product decay
reducing greatly the postharvest life (Wang et al., 2014).

Monilinia spp. (brown rot), Botrytis cinerea Pers.:Fr. (gray mould), and, with a lower
incidence, Rhizopus stolonifer (Ehrenb.) Vuill. (Rhizopus rot), Alternaria alternata (Fr.:Fr.)
Keissl. (Alternaria rot), Penicillium expansum Link (blue mould), and Cladosporium spp.
(Cladosporium rot) are the main postharvest sweet cherry fungal pathogens causing
significant economic losses (Romanazzi et al., 2008). The control of such pathogens is
performed by synthetic chemical fungicides (Forster et al., 2007), nevertheless their
postharvest use on sweet cherry is not allowed in European Union. Since the use of
fungicides has a significant impact on human health and environmental pollution, and
contributes to select resistant strains of pathogens, alternative approaches are needed (Mari
et al.,, 2010; Feliziani et al., 2013, 2015; Talibi et al., 2014; Romanazzi et al., 2016). They
include biocontrol agents (Schena et al., 2003; Oro et al., 2014), physical treatments (Nigro
et al., 2000; Romanazzi et al., 2008; Xu and Du, 2012; Gatto et al., 2015), inorganic salts
(Ippolito et al., 2005), and natural substances (Ippolito and Nigro, 2003; Serrano et al,,
2005; Gatto et al., 2011; Romanazzi et al., 2013; Lachhab et al., 2014; Di Venere et al.,
2016).

There is an extensive literature on salt effectiveness against fungal pathogens, when tested
either alone (Talibi et al., 2011; Youssef et al., 2014) or in combination with physical

(Youssef et al., 2012; Fallanaj et al., 2013; Cefola et al., 2014) and biological treatments
3
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(Ippolito et al., 2005; Lima et al., 2005). Salts have the advantage of being non-toxic,
inexpensive, and usable with a minimal risk of injury for fruits. In particular, postharvest
treatments with calcium chloride (CaCly) and sodium bicarbonate (NaHCOj3) have been
proposed as effective alternative means to control postharvest rots of fruits and vegetables.
Bicarbonate salts were tested against postharvest rots on papaya (Bautista-Bafios et al.,
2013), citrus (Smilanick et al., 2005; Youssef et al., 2012; 2012a), banana (Bazie et al.,
2014), and sweet cherry (Ippolito et al, 2005, Karabulut et al., 2005). Moreover,
postharvest calcium application proved to be effective against postharvest rots in citrus
(Youssef et al., 2012a) and sweet cherry (Ippolito et al., 2005; Wang et al., 2014).

In the recent years, there was also an increasing interest in the possible use of natural
compounds, and in particular of plant extracts, to prevent microbial growth in foodstuffs
(Rauha et al., 2000; Gatto et al., 2011; Baize et al., 2014). The biocide activity of plant
extracts can be ascribed to the presence of different phenolic compounds or derivatives
(Rauha et al., 2000; Gatto et al., 2011; 2013; Di Venere et al., 2016). Parvu et al. (2015)
showed the efficacy of phenolic extracts from Hedera helix (ivi) against important
phytopathogenic fungi (Aspergillus niger, B. cinerea, Fusarium oxysporum, and others).
Pomegranate extracts showed a strong fungicidal activity against B. cinerea, Penicillium
digitatum, and P. expansum (Li Destri Nicosia et al,, 2016). Extracts from Cistus
populifolius and C. ladanifer were effective against citrus sour rot caused by Geotrichum
citri-aurantii (Karim et al., 2015). Extracts from some extremophile plants from Argentine
Puna (i.e., Chuquiraga atacamensis, Parastrephia phyliciformis, and P. lepidophylla)
proved to possess strong activity in controlling citrus postharvest pathogens, such as P.
digitatum and G. citri-aurantii (Sayago et al., 2012; Palavecino Ruiz et al., 2016). Gatto et
al. (2011) investigated the antifungal activity of extracts from nine wild edible herbaceous
species, among which, those of Orobanche crenata Forsk. and Sanguisorba minor Scop.

s.l. proved to be very effective in reducing both in vitro Monilinia laxa conidia germination

4
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and brown rot on apricot and nectarine. Extract from O. crenata and S. minor proved to be
effective in vitro against several other postharvest fungi (Gatto et al., 2013).

O. crenata, belonging to the Orobanchaceae family, is the most important parasite of faba
bean (Vicia faba L.) in the Mediterranean basin and North and East Africa. It has some
interest as edible plant because of the high content in antioxidant phenolics of its tender
shoots. S. minor belongs to the Rosaceae family and is native of Europe, Middle East, and
Northern Africa. It is used as an ingredient in salads and dressings, having a flavour
described as “light cucumber”. Typically, only the youngest leaves are used, since their
degree of bitterness increases with the developmental stage of the plant (Gatto et al., 2013).
The objective of the present study was to find a new strategy for reducing postharvest
diseases in sweet cherry, replacing or integrating the use of synthetic fungicides to ensure
an acceptable level of disease control, associated with a low environmental impact. For this
purpose, the phenolic composition of extracts from O. crenata and S. minor was
characterized and their in vivo efficacy in controlling fungal postharvest diseases was
evaluated. The combination of extracts with CaCl, and NaHCO; against sweet cherry

postharvest rots and phenolic residues in treated fruit were also assayed.

2. Materials and methods

2.1 Plant material

Sweet cherry fruit (cv. Ferrovia) were collected in a farm located in Rutigliano (Bari, Italy);
plants had been grown according to the best agronomical practices and fruit free of defects
were picked from commercial lots.

O. crenata was collected in the field as weeds of cultivated fava bean near Bari (Italy), in
springtime. S. minor was collected from Murgia hill area (Apulia region, Southern Italy) as
well as cultivated in greenhouse starting from seed collected in the same environment. Only

the edible part of the plants (i.e., leaves for S. minor and stems for O. crenata) was selected

5
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and used for trials. A representative amount of fresh plant material (at least 2 kg per
species) was dried in ventilated oven at 40 °C until constant weight (36-48 h) for dry matter
evaluation; then, it was finely ground in a grinder, and stored vacuum sealed in a cold room

until use.

2.2 Chemical reagents

High performance liquid chromatography (HPLC) grade water was obtained by a Milli-Q
system (Millipore, Bedford, MA, USA). Sodium bicarbonate, calcium chloride, methanol
(HPLC grade), caffeic acid, sodium carbonate, and Folin-Ciocalteu reagent were purchased
from Sigma-Aldrich (Sternheim, Germany). As HPLC standards, verbascoside and
isoverbascoside were from Phytolab GmbH & Co.KG (Vestenbergsgreuth, Germany),
whereas luteolin-7-glucoside, quercetin-3-glucoside, and kaempferol-3-glucoside were from
Extrasynthése (Genay, France). They had a declared purity >95% (by HPLC assay). All

other reagents were of analytical grade.

2.3 Preparation of plant extracts and salt solutions

Plant extracts were prepared as described by Gatto et al. (2011). Briefly, for each species,
an amount of dry matter corresponding to 50 g of fresh plant tissue (i.e., 6.25 g for O.
crenata and 8.50 g for S. minor) was extracted twice with refluxing 80% aqueous methanol
(1:5, w/v) for 1 h. After extraction, methanolic extracts were filtered through Whatman
Grade 1 filter paper and evaporated to dryness under reduced pressure at 35 °C, using a
rotary evaporator. The residue was dissolved in 50 mL of K-phosphate buffer, 0.1 M, pH
5.5 to give a solution with conventional 1x concentration, corresponding to 0.125 and 0.170
g of dry matter/mL of buffer for O. crenata and S. minor, respectively. This solution was
centrifuged at 10,000 g, the supernatant filtered through sterile 0.22 pm pore size

membrane filters (Millipore, Bedford, MA, USA), and then stored at -20 °C until use.
6
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Moreover, some more concentrated extract solutions were prepared (i.e., up to the
saturation limit), by dissolving the same amount of residue in proportionally smaller
volumes of buffer. In particular, 2x and 4x, and 2x and 3x extract concentrations for O.
crenata and S. minor, respectively, were prepared. Water solutions of CaCl, and NaHCO;
(1% w/v) were prepared using commercial salts and HPLC grade deionized water. Plant
extract saline solutions were prepared by adding suitable amounts of the two commercial

salts (1% w/v) to 4x O. crenata and 3x S. minor extracts.

2.4 Experimental design

Trials were performed in two consecutive years (2007 and 2008) in a packinghouse (Fra.Va.
stl) located in Rutigliano (Bari, Italy). Sweet cherry fruit were processed few hours after
harvesting. Fruit were subjected to hydrocooling, selected for uniform size, stage of
ripening, and absence of visible defects and injuries, and placed in plastic trays (25 fruit per
tray). Then they were sprayed with O. crenata extracts (1x, 2x, and 4x concentration) or S.
minor extracts (1x, 2x, and 3x concentration), just as they are or added with salts (1% w/v).
The concentration of extracts and inorganic salts and their combination were chosen on the
basis of preliminary tests (data not shown), whereas the maximum extract concentrations
used depended on the limit of solubility. Treatments were performed by spraying fruit with
15 mL of extract solution per tray. Treated fruit were allowed to dry at room temperature,
put in plastic bags (RH = 95-98%) and stored at 0+1 °C for 14 days followed by 3 days of
shelf life at 20+1 °C in the first year, whereas at 0+1 °C for 21 days followed by 7 days of
shelf life at 20+1 °C in the second year. Temperature and relative humidity inside the cold
room were monitored and data processed by computerized systems. Fruit treated with the
same buffer solution used to prepare plant extracts (0.1 M K-phosphate, pH 5.5) served as a
control. A completely randomised experimental design with 10 replications of 25 fruit each

was used.
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2.5 Assay of rot incidence

Sweet cherries used for trials were not artificially inoculated in order to test the activity of
the extracts on latent, quiescent, and incipient infections (natural infections) . Rot incidence
was assessed daily and expressed as the percentage of rotted fruit with respect to the total
number of fruit (25) in each tray (Fig. 2):

Rot incidence (%) = (n. rotted fruit/25)x100.

Furthermore, the efficacy of each treatment was calculated as the percentage of rot
inhibition compared to the control using the mean value of the ten replications:

Rot inhibition (%) = 100-[(n. rotted fruit treated sample/n. rotted fruit control)x100].

In both years, rot inhibition values were assessed when rot incidence in the control was

around 50% (Table 3).

2.6 Evaluation of phenolic residues in fruit and washing water

In the second year, the concentration of residual phenolics resulting from O. crenata extract
present in treated sweet cherry tissue as well as in washing water, was evaluated on lots of
fruit prepared ad hoc for such trials. Fruit were selected as previously described, placed in
plastic trays (10 fruit per tray), and treated as above with O. crenata extract at the highest
(4x) concentration. The analysis of phenolic compounds in fruit after treatment before and
after storage, in treated fruit after washing, as well as in washing water, was performed in
triplicate. Thirty grams of sweet cherry fresh tissue, taken from 10 fruit of each replication,
were homogenized and refluxed (twice for 1 h) with methanol. After filtration through
Whatman Grade 1 filter paper, methanolic extracts were concentrated under reduced
pressure at 35 °C and the residue suspended in 50% (v/v) aqueous methanol, filtered
through a 45 pm pore size membrane filter, and used for HPLC analysis. As the washing

water analysis, 30 fruit, three for each tray, were weighed, placed in a flask, covered with

8



196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

about 500 mL of distilled water, and shaken at 60 rpm for 30 min. The washing water was
recovered and evaporated to dryness under reduced pressure at 35 °C, using a rotary
evaporator. The residue was dissolved in 10 mL of 50% (v/v) aqueous methanol, filtered as

reported above, and used for HPLC analysis.

2.7 Determination of total phenolic content

Total phenolic content (TPC) in O. crenata and S. minor extracts was determined
spectrophotometrically using the Folin-Ciocalteu method. Briefly, an aliquot of each diluted
extract was mixed with 0.5 mL of Folin-Ciocalteu reagent; after 3 min, 1 mL of sodium
carbonate solution (20% w/v) was added to the reaction mixture. The solution was
incubated at 40 °C for 20 min and cooled under running tap water; the absorbance was then
measured at 750 nm using a Cary 50 UV-vis spettrophotometer (Varian Inc., Palo Alto, CA,
USA). Caffeic acid was used as reference standard to estimate TPC in the sample. TPC was

expressed as mg of caffeic acid equivalent (CAE) per gram of dry matter (DM).

2.8 HPLC analysis of phenolic compounds

The HPLC analysis of phenolic compounds present in O. crenata and S. minor extracts, in
both treated and untreated fruit, as well as in washing water, was performed using an
Agilent 1100 Series liquid chromatograph (Agilent Technologies Inc., Santa Clara, CA,
USA) equipped with binary gradient pump (Agilent P/N G1312A) and spectrophotometric
photodiode array detector (DAD) (Agilent P/N G1328A). The Agilent ChemStation (Rev.
A.06.03) software was used for spectra and data processing. An analytical Phenomenex
(Torrance, California, USA) Luna CI8 5 pm (250 mmx4.6 mm) column at 35 °C in
thermostatic oven (Agilent P/N G1316A) was used for peak separation. A binary gradient

elution at a flow rate of 1 mL min~' with methanol (solvent A) and 5% (v/v) acetic acid in
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deionized water (solvent B) was used. The elution profile was as already reported (Gatto et

al., 2011).

2.9 Statistical analysis

Data were subjected to analysis of variance (ANOVA) using Statistica Software (version
6.0; StatSoft Inc., Tulsa, OK, USA). Duncan’s Multiple Range Test (DMRT; P<0.05) was
used to compare the mean values. Statistical differences (P < 0.05) were evaluated by two-
tailed Student’s t-test. The error on the percentage of rot incidence inhibition (Table 3) was

calculated using the law of error propagation (Cowan, 1998).

3. Results and discussion

3.1 Phenolic content and composition of plant extracts

Phenolic concentrations of plant extracts used in the trials of the first year are shown in
Table 1. In O. crenata, TPC increased almost linearly with the extract concentration,
whereas, in 3x S. minor extract, TPC was only slightly above the previous dilution (2x).
Phenolic concentration was not significantly influenced by salts, except for 3x S. minor
solution containing NaHCOs3, in which a strong reduction (more than 60%) compared to the
corresponding solution without NaHCO3; was found (Table 1). Such result might be
explained by the possible presence in this solution of components particularly sensitive to
alkaline pH induced by NaHCO; (pH= 9.5). Phenolic concentrations of plant extracts used
in the trials of the second year were not significantly different from those of the first year
(data not shown).

Figure 1 shows HPLC phenolic patterns of the two plant extracts; caffeic acid derivatives
and flavonoids were identified by a combined analysis of retention times and UV spectra of
the different peaks. According to Gatto et al. (2011), caffeic acid derivatives represented the

main class of phenols in O. crenata, whereas flavonoids were the most abundant in S.
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minor. In O. crenata, verbascoside was about 95% of TPC; moreover, isoverbascoside and
another unidentified caffeic acid derivative were also detected (Fig. 1a). The HPLC analysis
of S. minor extract showed a rich phenolic pattern. In particular, caffeic acid derivatives,
quercetin-3-glucoside, kaempferol-3-glucoside, and other quercetin, kaempferol, and

luteolin derivatives, besides many other unidentified compounds, were found (Fig. 1b).

3.2 Residues of phenolics from extracts in sweet cherry tissue

In order to establish the potential impact of treatments on product safety, the presence of
phenolic compounds resulting from extracts in the sweet cherry tissue was assessed. For
this purpose, HPLC analyses were carried out on fruit before and after treatments, and on
treated fruit after washing at the beginning and at the end of storage, as well as on washing
water.

The HPLC analysis of sweet cherry tissues showed the presence of some constitutive
cinnamic acid derivatives, flavonoids, and anthocyanins; none of the main phenolic
compounds present in the extracts was found in the sweet cherry HPLC phenolic pattern
(data not shown). HPLC analyses of fruit, just after spraying with extracts at the major
concentrations and left to dry for about 30 min, showed the presence of very low amounts
of residual compounds ascribable to extracts. Whereas, the analyses performed after storage
on fruit treated with extracts at the major concentrations and then washed, did not allow to
detect any of the main phenolic compounds resulting from extracts. Actually, taking O.
crenata extract as reference, 100 g of sweet cherry fresh tissue (corresponding to about 8-10
berries) retained about 2 mg of verbascoside (i.e., the main phenolic compound detected in
this extract) (Table 2), being such amount less than 0.5% of the average content of 100 g of
fresh edible tissue of broomrape, corresponding to about 10 shoots (i.e., an average eaten
portion) (Gatto et al., 2011). Moreover, HPLC analyses performed on washed fruit allowed

to detect verbascoside below the instrumental limit of quantification (LOQ) before storage,
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instead it resulted absent or below the limit of detection (LOD) after storage (Table 2). On
the other hand, the analysis of the washing water showed that about 90% of verbascoside
retained by fruit had been removed by washing and was found in the water (Table 2), thus
demonstrating the low absorption of this compound into the fruit tissue.

All experimental evidences suggest that residues of phenolics resulting from extracts found
in treated sweet cherries after storage represent a very negligible amount (below LOQ or
LOD), especially if compared to the amount that can be ingested by consuming a normal
portion of the considered edible species. For these reasons, residues present in one portion
of treated cherries are not of any concern from a toxicological point of view. On the
contrary, the possible presence of such compounds on treated fruit might rather provide a
beneficial effect by improving the product healthy properties, due to the high antioxidant
capacity of phenolic compounds present in the edible herbs (Di Venere et al., 2009).
Organoleptic tests performed to assess changes in the fruit taste caused by treatments with
extracts did not reveal significant differences between treated and control fruit (data not

shown).

3.3 Inhibitory effect of plant extracts and salts on postharvest development of fungal
diseases

Naturally infected sweet cherries utilized in the trials were mainly attacked by Monilinia
spp., B. cinerea, and R. stolonifer, and in a minor extent by A. alternata, P. expansum, and
Cladosporium spp. Due to the different climatic conditions occurred in the two years,
different protocols of storage and shelf life duration were applied. Actually, during the fruit
ripening season (from April to June), a greater amount of rain (about double) was recorded
in the production area in the first year rather than in the second. The higher disease pressure
caused by the abundant rainfall in the first year can explain the shorter storage and shelf life

time withstood by fruit in trials of this year.
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The efficacy of plant extracts, salt solutions, and their combination in reducing the
incidence of rotted fruit is shown in Fig. 2. In spite of the different environmental
conditions, a good and comparable efficacy of all treatments was observed in both years. In
particular, the two salts showed similar efficiency, with an average percentage of inhibition
of about 80 and 87% for CaCl, and NaHCOs, respectively, as compared to the control
(Table 3). These results confirmed the effectiveness of both salts in counteracting the
development of postharvest fungal diseases on sweet cherry (Karabulut et al., 2005; Ippolito
et al., 2005). Regarding the extracts, S. minor extract reached an inhibitory capacity
comparable to that of salts already at the lowest concentration (1x), while for O. crenata
such result was obtained at higher concentrations (4x in the first year, 2x and 4x in the
second year). An increase in extract concentration produced an increase in the percentage of
inhibition, from 64 to 76% and from 79 to 89% for O. crenata and S. minor, respectively
(Table 3). The efficacy of extracts in inhibiting fruit rotting is shown in Fig. 3.

These results confirmed the strong efficacy of S. minor extract already reported by Gatto et
al. (2011). Moreover, it should be considered that these results refer to crude extracts,
which could contain substances (e.g., sugars) able to counteract the inhibitory effect of
active compounds present in the extract. It is possible that purified extracts and/or single
active principles might provide better results. The combined use of extracts and salts did
not show any additive/synergistic effect. Indeed, the observed inhibitory effect was not
significantly different from the one obtained with extracts or salts applied alone (Fig. 2).
The presence of salts in plant extracts could modify the phenolic compounds activity; for
example, the alkaline pH of NaHCO; solution (pH=9.5) might alter compound stability,
while Ca®* ions present in CaCl, solution might interfere with the complex inhibition
mechanism either reducing the effectiveness of phenols or stabilizing the fungal

cytoplasmic membrane (Pitt and Ugande, 1984).
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In O. crenata extract, the inhibition efficacy was probably due to the presence of
verbascoside (acteoside), the main phenolic compound of the extract (Fig. 1a), which
showed specific activity against several postharvest fungi (Gatto et al., 2013). Actually, in
addition to the well known antioxidant, anti-inflammatory, and antiviral properties,
verbascoside has also antimicrobial activity, until now little documented (Avila et al., 1999;
Gatto et al., 2011; 2013). On the other hand, S. minor extract was found to contain caffeic
acid derivatives and flavonoids derived from quercetin, kaempferol, and luteolin. In
particular, according to Gatto et al. (2011), quercetin-3-glucoside and kaempferol-3-
glucoside were found the most abundant flavonoids (Fig. 1b). In S. minor fresh tissues, the
presence of gallic acid, ellagic acid, quercetin, kaempferol derivatives, and coumarins has
been reported (Ayoub, 2003). Conceivably, the strong activity of S. minor extract against
diseases could be explained by a possible synergistic effect of the complex phenolic pattern.
In this regard, the cytotoxic and antimicrobial activities of quercetin-3-glucoside were
reported (Razavi et al., 2009), whereas other authors showed the antibacterial activity of
quercetin-3-glucoside and kaempferol-3-glucoside, demonstrating their synergistic efficacy
when present together in the same extract (Akroum et al., 2009).

The mechanisms of action of such phenolic compounds in inhibiting pathogen/disease
development is not fully understood. Cushnie and Lamb (2005) reported that different
flavonoids inhibit some important cellular functions (i.e. nucleic acid synthesis, cytoplasmic
membrane functionality, energy metabolism), being the most common cause of their
antimicrobial activity. Palavecino Ruiz et al. (2016) demonstrated that the main inhibitory
effect of ethanolic extracts of Parastrephia lepidophylla, an Argentine spread plant species,
against P. digitatum would be to alter mechanisms leading to the swelling of conidia and to
the subsequent germ tube elongation. Microscopic observations of important postharvest
fungal pathogens incubated with S. minor and O. crenata extracts showed malformations of

the germ tube, disorganization of the cell wall, and leakage of cytoplasmatic material from
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the hyphae (Gatto et al., 2011). Furthermore, the antifungal activity of verbascoside and its
isomer might be due to their molecular structure, since the presence of two hydroxyl groups
on aromatic rings might be responsible for their toxicity to microorganisms (Di Venere et
al., 2016). Besides the direct action on pathogen, another mechanism of antimicrobial
activity potentially exerted on fruit by phenolic exogenous treatments might be the
induction of resistance to pathogen growth or the change of pathogen secondary metabolism
(Sanzani et al., 2009; 2010). Such hypothesis, already proved as effective for NaHCO; and
other salts against green mould on citrus fruit (Youssef et al., 2014), might be an exciting
topic for further investigation on the mechanism of action of phenolic extracts against sweet

cherry postharvest rotting.

4. Conclusions

To our knowledge, this is the first time that extracts from O. crenata and S. minor were
tested to prevent postharvest rotting of sweet cherry fruit, proving to have a high antifungal
efficacy. Since such extracts were obtained from edible plants and used at concentrations
comparable to those present in food preparations, it could be reasonable to believe in their
safety for humans and environment. Nevertheless, in order to be proposed as organic
alternative to synthetic chemical fungicides, deeper investigations about the absence of
whatever form of toxicity are hoped. If this is the case, besides being added to water in
hydrocooling (Karabulut et al., 2005), extracts might be applied as edible coatings (Karaca
et al.,, 2014), thus improving sweet cherry fruit in nutraceutical compounds, due to the
antioxidant properties of phenolics present in O. crenata and S. minor.

In the future, the postharvest protective efficacy of the tested plant extracts on other
produce will be tested to extend the knowledge about their ability to preserve postharvest
quality and safety. It might be useful to isolate, purify, and identify the most active

antifungal compounds to reveal the effective component/s of extracts.

15



376

377
378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

Acknowledgements

The authors thank Apulia Region, which supported this work by a scholarship for applied
research (POR Puglia 2000-2006, Misura 3.12, Action-Al, Avviso 22/2006). Moreover,
they thank Mrs Simona Valenzano and the staff of Fra.Va. srl Rutigliano (Bari, Italy) for

their kind hospitality during the experimental trials.

References

Akroum, S., Bendjeddou, D., Satta, D., Lalauoi, K., 2009. Antibacterial activity and acute
toxicity effect of flavonoids extracted from Mentha longifolia. Am.-Euras. J. Sci. Res.
4, 93-96.

Avila, J.G., De Liverant, J.G., Martinez, A., Martinez, G., Mufioz, J.L., Arciniegas, A., de
Vivar, A.R., 1999. Mode of action of Buddleja cordata verbascoside against
Staphilococcus aureus. J. Ethnopharmacol. 66, 75-78.

Ayoub, N.A., 2003. Unique phenolic carboxylic acids from Sanguisorba minor.
Phytochemistry 63, 433-436.

Bautista-Bafios, S., Sivakumar, D., Bello-Pérez, A.,Villanueva-Arce, R., Hernandez-Lopez,
M., 2013. A review of the management alternatives for controlling fungi on papaya
fruit during the postharvest supply chain. Crop Prot. 49, 8-20.

Baize, S., Ayalew, A., Woldetsadik, K., 2014. Integrated management of postharvest
banana anthracnose (Colletotrichum musae) through plant extracts and hot water
treatment. Crop Prot. 66, 14-18.

Cefola, M., Pace, B., Sergio, L., Baruzzi, F., Gatto, M.A., Carito, A., Linsalata, V.,
Cascarano, N.A., Di Venere, D., 2014. Postharvest performance of fresh-cut ‘Big
Top’ nectarine as affected by dipping in chemical preservatives and packaging in
modified atmosphere. Int. J. Food Sci. Technol. 49, 1184-1195.

16



402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

Cowan, G., 1998. Statistical data analysis. Oxford University Press Inc., New York, USA,
197 pp.

Cushnie T.P., Lamb A.J., 2005. Antimicrobial activity of flavonoids. Int. J. Antimicrob. Ag.
26, 343-356.

Di Venere, D., Sergio, L., Linsalata, V., Pieralice, M., Cardinali, A., Cascarano, N., Bianco,
V.V., 2009. Antioxidant properties of wild edible species. It. J. Agron. 4 (Suppl. 4),
635-640.

Di Venere, D., Gatto, M.A., Ippolito, A., Bianco, V.V., 2016. Antimicrobial potential of
wild edible herbaceous species, in: Sanchez-Mata, M.C., Tardio, J. (Eds.),
Mediterranean Wild Edible Plants - Ethnobotany and Food Composition Tables,
Springer Science+Business Media, New York, NY, USA, pp. 233-252 (ISBN: 978-1-
4939-3327-3).

Fallanaj, F., Sanzani, S. M., Zavanella, C., Ippolito, A., 2013. Salt addition improves the
control of citrus postharvest diseases using electrolysis with conductive diamond
electrodes. J. Plant Pathol. 95, 373-383.

Feliziani, E., Santini, M., Landi, L., Romanazzi, G., 2013. Pre- and postharvest treatment
with alternatives to synthetic fungicides to control postharvest decay of sweet cherry.
Postharvest Biol. Technol. 78, 133-138.

Feliziani, E., Landi, L., Romanazzi, G., 2015. Preharvest treatments with chitosan and other
alternatives to conventional fungicides to control postharvest decay of strawberry.
Carbohyd. Polym. 132, 111-117.

Forster, H., Driever, G.F., Thompson, D.C., Adaskaveg, J.E., 2007. Postharvest decay
management for stone fruit crops in California using the “reduced-risk” fungicides

fludioxonil and fenhexamid. Plant Dis. 91, 209-215.

17



426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

Gatto, M.A., Ippolito, A., Linsalata, V., Cascarano, N.A., Nigro, F., Vanadia, S., Di Venere,
D., 2011. Activity of extracts from wild edible herbs against postharvest fungal
diseases of fruit and vegetables. Postharvest Biol. Technol. 61, 72-82.

Gatto, M.A., Sanzani, S.M., Tardia, P., Linsalata, V., Pieralice, M., Sergio, L., Di Venere,
D., 2013. Antifungal activity of total and fractionated phenolic extracts from two wild
edible herbs. Natural Science 5, 895-902.

Gatto, M.A., Sergio, L., Pieralice, M., Linsalata, V., Cascarano, N.A., Di Venere, D., 2015.
The role of CO, in reducing grey mould-caused diseases on stored table grapes. Acta
Horticulturae 1071, 747-753.

Ippolito, A., Nigro, F., 2003. Natural antimicrobials in postharvest storage of fresh fruit and
vegetables, in: Roller, S. (Ed.), Natural Antimicrobials for the Minimal Processing of
Foods. CRC Press, Boca Raton, DC, USA, pp. 201-234.

Ippolito, A., Schena, L., Pentimone, L, Nigro, F., 2005. Control of postharvest rots of sweet
cherries by pre- and postharvest applications of Aureobasidium pullulans in
combination with calcium chloride or sodium bicarbonate. Postharvest Biol. Technol.
36, 245-252.

ISMEA, 2012.

(http://www .ismeaservizi.it/flex/cm/pages/Serve BLOB.php/L/IT/IDPagina/2998).

Karabulut, O.A., Arslan, U, Ilhan, K., Kuruoglu, G., 2005. Integrated control of postharvest
diseases of sweet cherry with yeast antagonists and sodium bicarbonate applications
within a hydrocooler. Postharvest Biol. Technol. 37, 135-141.

Karaca, H., Pérez-Gago, M.B., Tabemer, V., Palou, L., 2014. Evaluating food additives as
antifungal agents against Monilinia fructicola in vitro and in hydroxypropyl
methylcelluloselipid composite edible coatings for plums. Int. J. Food Microbiol.

179, 72-79.

18



451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

Karim, H., Boubaker, H., Askame, L., Talibi, I., Msanda, F., Boudyach, E.H., Saadi, B., Ait
Ben Aoumar, A., 2015. Antifungal properties of organic extracts of eight Cistus L.
species against postharvest citrus sour rot. Letters Appl. Microbiol. 62, 16-22.

Lachhab, N., Sanzani, S. M., Adrian, M., Chiltz, A., Balacey, S., Boselli, M., Ippolito A.,
Poinssot, B., 2014. Soybean and casein hydrolysates induce grapevine immune
responses and resistance against Plasmopara viticola. Front. Plant Sci. 5, 716.

Li Destri Nicosia, M.G., Pangallo, S., Raphael, G., Romeo, F.V., Strano, M.C., Rapisarda,
P., Droby, S., Schena, L., 2016. Control of postharvest fungal rots on citrus fruit and
sweet cherries using a pomegranate peel extract. Postharvest Biol. Technol. 114, 54-
61.

Lima, G., Spina, A.M., Castoria, R., De Curtis, F., De Cicco, V., 2005. Integration of
Biocontrol Agents and Food-Grade Additives for Enhancing Protection of Stored
Apples from Penicillium expansum. J. Food Prot. 68, 2100-2106.

Mari, M., Neri, F., Bertolini, P., 2010. New approaches for postharvest disease control in
Europe, in: Prusky, D., Gullino, M.L. (Eds.), Postharvest Pathology. Springer, The
Netherlands, pp. 119-135.

Nigro, F., Ippolito, A., Lattanzio, V., Di Venere, D., Salerno, M., 2000. Effect of
ultraviolet-C light on postharvest decay of strawberry. J. Plant Pathol. 82, 29-37.

Oro, L., Feliziani, E., Ciani, M., Romanazzi, G., Comitini, F., 2014. Biocontrol of
postharvest brown rot of sweet cherries by Saccharomyces cerevisiae Disva 599,
Metschnikowia pulcherrima Disva 267 and Wickerhamomyces anomalus Disva 2
strains. Postharvest Biol. Technol. 96, 64-68.

Palavecino Ruiz, M.D., Ordéiiez, R.M., Isla, MLI,, Sayago, J.E., 2016. Activity and mode of
action of Parastrephia lepidophylla ethanolic extracts on phytopathogenic fungus
strains of lemon fruit from Argentine Northwest. Postharvest Biol. Technol. 114, 62—

68.
19



477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

Parvu, M., Vlase, L., Parvu A.E., Rosca-Casian, O., Gheldiu, A.M., Parvu, O., 2015.
Phenolic compounds and antifungal activity of Hedera helix L. (Ivy) flowers and
fruits. Not. Bot. Horti Agrobo. 43, 53-58.

Pitt, D., Ugande, U.O., 1984. Calcium in fungi. Plant, Cell and Environment 7, 467-475.

Rauha, J.P., Remes, S., Heinonen, M., Hopia, A., Kahkonen, M., Kujala, T., Pihlaja, K.,
Vuorela, H., Vuorela, P., 2000. Antimicrobial effects of Finnish plant extracts
containing flavonoids and other phenolic compounds. Int. J. Food Microbiol. 56, 3-
12.

Razavi, S.M., Zahri, S., Zarrini, G., Nazamiyeh, H., Mahammadi, S., 2009. Biological
activity of quercetin-3-O-glucoside, a known plant flavonoid. Russian J. Biorg.
Chem. 35, 376-378.

Romanazzi, G., Nigro, F., Ippolito, A., 2008. Effectiveness of a short hyperbaric treatment
to control postharvest decay of sweet cherries and table grapes. Postharvest Biol.
Technol. 49, 440-442.

Romanazzi, G., Feliziani, E., Santini, M., Landi, L., 2013. Effectiveness of postharvest
treatment with chitosan and other resistance inducers in the control of storage decay of
strawberry. Postharvest Biol. Technol. 75, 24-27.

Romanazzi, G., Feliziani, E., Bautista-Bafios, S., Sivakumar, D., 2016. Shelf life extension
of fresh fruit and vegetables by chitosan treatment. Crit. Rev. Food Sci. Nutr. 55,

http://dx.doi.org/10.1080/10408398.2014.900474.

Sanzani, S.M., Schena, L., Nigro, F., De Girolamo, A., Ippolito, A., 2009. Effect of
quercetin and umbelliferone on the transcript level of Penicillium expansum genes
involved in patulin biosynthesis. Eur. J. Plant Pathol., 1252, 223-233.

Sanzani, S.M., Schena, L., De Girolamo, A., Ippolito, A., Gonzalez-Candelas, L., 2010.
Characterization of genes associated with induced resistance against Penicillium

expansum in apple fruit treated with quercetin. Postharvest Biol. Technol. 56, 1-11.

20



503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

Sayago, J.E., Ordéfiez, R.M., Negrillo Kovacevich, L., Torres, S., Isla, M.L, 2012.
Antifungal activity of extracts of extremophile plants from the Argentine Puna to
control citrus postharvest pathogens and green mold. Postharvest Biol. Technol. 67,
19-24.

Schena L., F. Nigro, I. Pentimone, A. Ligorio, A. Ippolito, 2003. Control of postharvest rots
of sweet cherries and table grapes with endophytic isolates of Aureobasidium
pullulans. Postharvest Biol. Technol. 30, 209-220.

Serrano, M., Martinez-Romero, D., Castillo, S., Guillén, F., Valero, D., 2005. The use of
natural antifungal compounds improves the beneficial effect of MAP in sweet cherry
storage. Innov. Food Sci. Emerg. Technol. 6, 115-123.

Smilanick, J.L., Mansour, M.F., Margosan, D.A., Mlikota Gabler, F., Goodwine, W.R.,
2005. Influence of pH and NaHCO; on the effectiveness of imazalil to inhibit
germination of spores of Penicillium digitatum and to control postharvest green mold
on citrus fruit. Plant Dis. 89, 640-648.

Talibi, I, Askarne, 1., Boubaker, H., Boudvach, E.H., Ait Ben Aoumar, A., 2011. In vitro
and in vivo antifungal activities of organic and inorganic salts against citrus sour rot
agent Geotrichum candidum. Plant Pathol. J. 10, 138-145.

Talibi, 1., Boubaker, H., Boudvach, E.H., Ait Ben Aoumar, A., 2014. Alternative methods
for the control of postharvest citrus. J.Appl. Microbiol. 117, 1-17.

Wang, Y., Xie, X., Long, LE., 2014. The effect of postharvest calcium application in
hydro-cooling water on tissue calcium content, biochemical changes, and quality
attributes of sweet cherry fruit. Food Chem. 160, 22-30.

Xu, L., Du, Y., 2012. Effects of yeast antagonist in combination with UV-C treatment on

postharvest diseases of pear fruit. BioControl 57, 451-461.

21



527

528

529

530

531

532

533

534

535

Youssef, K., Ligorio, A., Nigro, F., Ippolito, A., 2012. Activity of salt incorporated in
wax in controlling postharvest diseases of citrus fruit. Postharvest Biol. Technol.65,
39-43.

Youssef, K., Ligorio, A., Sanzani, S.M., Nigro, F., Ippolito, A., 2012a. Control of storage
diseases of citrus by pre-and postharvest application of salts. Postharvest Biol.
Technol 72, 57-63.

Youssef, K., Sanzani, S.M., Ligorio, A., Ippolito, A., Terry, L.A., 2014. Sodium carbonate

and bicarbonate treatments induce resistance to postharvest green mould on citrus fruit.

Postharvest Biol. Technol. 87, 61-69.

22



Table

Table 1  Phenolic concentration of extracts from Orobanche crenata and Sanguisorba minor at
different concentrations (1x, 2x, etc.), alone or in combination with CaCl, or NaHCOs,
evaluated by Folin-Ciocalteu method. Values are the mean + SD of three replications.
For each plant species, different letters indicate significantly different values among the

different extracts according to DMRT (P<0.05).

Treatment Phenolig
concentration
(mg L' CAEY
O. crenata 1x 2915 £ 145 ¢
O. crenata 2x 5780 + 272 b
O. crenata 4x 11859 + 425 a
O. crenata 4x + CaCl, 12340 £ 510 a
O. crenata 4x + NaHCO; 11460 = 486 a
S. minor 1x 3655 £ 251 ¢
S. minor 2x 7220 = 397 b
S. minor 3x 8140 + 426 a
S. minor 3x + CaCl, 8260 + 517 a
S. minor 3x + NaHCO; 3980 + 291 ¢

T CAE = caffeic acid equivalent



Table

Table2 Residual verbascoside content in sweet cherries treated with Orobanche crenata extract

at 4x concentration. Values are the mean + SD of three replications.

i — Verbasc_?side(a)
(mg 100 g~ fw.™)

O. crenata 4x 2.1+0.2

O. crenata 4x + washing before storage ® n.g. (LOQ ®

O. crenata 4x + washing + storage © n.d. (< LOD)®

washing water 1.8+0.2

O fruit just after treatment; ® washed fruit before storage; ® washed and stored fruit
@ stoned sweet cherry fresh weight

®1.q. = not quantified; LOQ = limit of quantification

© pn.d. = not detectable; LOD = limit of detection



Table

Table 3

Inhibition of postharvest rot incidence on sweet cherries (percentage compared to the
control) produced by treatments with Orobanche crenata or Sanguisorba minor extracts
at different concentrations (1x, 2x, etc.), 1% (w/v) water solutions of CaCl, or NaHCOs,
and plant extracts in combination with salts. Buffer treated fruit were used as a control.
Inhibition values of different treatments were evaluated when rot incidence in the control
fruit was around 50%. Values were calculated using the mean of ten replications. Within
each column, different letters indicate significantly different values among treatments,

according to DMRT (P< 0.05).

Treatent Inhibition (%)

First year Second year
Control 0 a 0 a
1% CaCl, 77+ 18 bed 83+ 9 be
1% NaHCO; 86+15 d 87+ 7 ¢
O. crenata 1x 64+20 b 68+39 b
O. crenata 2x 66+21 b 70+ 14 be
O. crenata 4x 75+ 12 bed 76+ 9 bc
O. crenata 4x + CaCl, 84+ 7 d 80+14 bc
O. crenata 4x + NaHCO; 82+14 cd 83 +28 bc
S. minor 1x 79+ 17 cd 80+ 18 bc
S. minor 2x 82+ 14 cd 83+ 9 bc
S. minor 3x 89+ 7 d 88+11 ¢
S. minor 3x + CaCl, 67 +20 bed 69+13 be

S. minor 3x + NaHCO; 73+£11 bed 74+ 13 bc
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Fig. 1
mAU 1 &
(a) ; . e (1)
] 1 & peakn. identity content (mg/100gDM)
1750 1 verbascoside 3529+ 192
] 2 CA-der. 197+ 22
1500 3 isoverbascoside 105+ 18
1250 '31
1000 &
750 'T
500—f
250 -
S o o ™ © =~ oA [= @D hod 0n o o
: ge 5 38§ E% & g :
0 : . O © o -~ - - o g - v ™ 8 ) g i ha
1 Y T " ! T ? ) T J T T ’ T J T : T y T T T y v " T v
0 10 20 30 40 50
mal (b) E peak n. identity® content (mg/100gDM)
n ] & 3 1 CA-der. 215+29
e 8 1 2 CA-der. 87412
] g 3 CA-der. 185+24
suc—: 8 4 CA-der. 48 £ 11
1 5 CA-der. 127+ 15
500 7 6 Q-der. 87+ 12
7 Q-3-gluc. 728 + 83
400 o 8 L-der. 33+ 12
E 9 K-3-gluc. 258 £21
300 & . 9 10 K-der. 47+ 11
200 R j 10
] x @
‘ICID": 3 B F e o (5, ‘ .= ;": Q " @ o g’,":'
] TedB S8 ||33F SRR 8 =5 383 & 28 2
0 A AT s 2ol JISI R | @ O g x 9 :_¢ 2 08 b
] Y ¥ ¥ T ® T T 1 N T T T 1 T T L ¥ T ¥ i v ¥ T Y Y
. 10 . 20 o 30 ) 40 ) 50 mir
der.=derivative; gluc.=glucoside; CA=caffeic acid; Q=quercetin; K=kaempferol; L=luteolin
Fig. 1 HPLC chromatograms of Orobanche crenata (a) and Sanguisorba minor (b) phenolic

extracts. The content of the main identified phenolic compounds was reported.



Figure

Fig. 2
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Fig.2 - Rot incidence in sweet cherry fruit treated with extract of Orobanche crenata or

Sanguisorba minor at different concentrations (1x, 2x, etc.), 1% (w/v) water solutions of
CaCl, or NaHCO3;, and their combinations. Each bar represents the mean of ten
replications. Within each year, values with the same letters are not significantly different

according to DMRT (P<0.05).



Figure

Fig. 3 Sweet cherries treated with Orobanche crenata or Sanguisorba minor extracts at 4x and 3x
concentration, respectively, after 21 days of storage at 0+1 °C and 7 days of shelf life at
20+1 °C.



