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Abstract

Listeria monocytogenes can grow under conditions at which fresh-cut fruit are stored, whereas
Salmonella spp. has been associated with a number of outbreaks related to such products. It is
therefore necessary to find products capable of reducing microbial counts while maintaining
quality of the product. In this regard, ferulic acid (FA) has shown antimicrobial, antioxidant and
many physiological functions in humans. This study aimed to test the efficacy of FA in fresh-cut
apple and melon in two ways: (a) to prevent pathogenic growth and (b) to maintain fruit quality
during storage, maintaining color and preventing enzymatic browning. For this purpose, of L.
monocytogenes (3 strains) and S. enterica (4 strains) were inoculated in both fruits. FA at
concentrations ranging from 2.5 to 15 g L! were tested against individual strains and the results
showed that FA did not have any bactericidal effect after application. FA effect was observed at
the end of the storage (7 d, 10 °C) with higher effect against L. monocytogenes (averaging 4.2+0.7
log CFU g!) than against S. enterica (averaging 1.9+1.3 log CFU g"'). The reductions were
significantly different from the samples without FA, but significant differences were not found
among the 3 tested concentrations. Comparison between immersion and spray applications of FA
revealed that immersion was the best method. When the effect of the selected FA dose on quality
was evaluated, we found that FA did not prevent the increase of browning index in apples.
However, melon treated samples did not overcome significant colour changes during storage at 4
°C. FA did not inhibit the growth of total aerobic mesophylls and yeasts and molds, but maintained
overall quality of the fruits, including pH, total soluble solids and titratable acidity. Overall, FA
could be used in fresh-cut apple and melon to prevent growth of L. monocytogenes without
affecting physicochemical quality, delivering a product with increased antioxidant activity and
providing a new source of FA (0.25+0.04 g kg™! of apple, and 1.22+0.07 g kg'! of melon, dry

weight basis).



48  Keywords:

49  Antimicrobial, antioxidant, shelf-life, pathogens, fruit, anti-browning.



50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

1. Introduction

The International Fresh-cut Produce Association defines fresh-cut produce as ‘“any fruit,
vegetable or their combination subjected to a physical alteration from its original form, remaining
in a fresh state” (Grau Rojas et al., 2010). Due to the higher demand for sustainable, fresh and
healthy products, the fruit processing industry is experiencing an expanding period (Qadri et al.,
2015). However, consumption of minimally processed fruits has been linked to several outbreaks
of foodborne pathogens (Pinela and Ferreira, 2015). Growth of Listeria monocytogenes,
Salmonella spp. and Escherichia coli O157:H7 has been previously confirmed on fresh-cut apples
(Abadias et al., 2011) and melon (Abadias et al., 2012). Moreover, Salmonella spp. and L.
monocytogenes have been related to several outbreaks related to the consumption of apples and
melons (CDCP, 2014; Callejon et al., 2015). Furthermore, fresh-cut fruits’ shelf-life tends to be

short, mainly due to browning, loss of weight and loss of firmness (Wilson et al., 2019).

Preservatives are employed to inhibit microbial growth or to delay browning and ripening
processes, critical factors to maintain consumer’s safety and extend product shelf. Lately, with
the emergence of bacteria resistance to chemical antibiotics, and the increasing mistrust of
consumers towards chemical additives, there is a trend in the search for natural products with

antioxidant and antimicrobial properties (Pernin et al., 2019b).

Ferulic acid (FA, [E]-3-[4-hydroxy-3-methoxy-phenyl] prop-2-enoic acid) is an ubiquitous
phytochemical phenolic acid, the most common of the cinnamic acid group (Mattila and
Kumpulainen, 2002). FA is an important structural component in the plant cell wall and serves to
enhance its rigidity and strength (Kumar and Pruthi, 2014). The use of FA is approved as an
antioxidant food additive in Japan, while natural extracts with high contents of FA are permitted
in the US and most European countries to prevent lipid peroxidation of foods (Quitmann et al.,
2014). Previously, we found that the half-inhibitory concentration (ICso) of FA as antioxidant in
in vitro trials was 0.45 g L' (Nicolau-Lapefia, 2021). Moreover, FA has been reported to have
antimicrobial properties (Kumar and Pruthi, 2014). Its mode of action consists of making

irreversible changes to membrane properties, including charge, intra and extracellular
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permeability, and its physicochemical properties (Borges et al., 2013). Low minimum inhibitory
concentrations against several pathogenic bacteria have been elucidated for this compound
(Pacheco-Ordaz et al., 2017). Preliminary work has shown that the minimum inhibitory
concentration of this compound (tested in vitro) against 13 strains (belonging to 7 different
species) of food-borne pathogenic bacteria (including Salmonella spp., Enterobacter aerogenes,
L. monocytogenes, Staphylococcus aureus, and E. coli) ranged from 1.7 to 3.3 g FA L' (Nicolau-

Lapefia, 2021).

The objectives of this study were (i) to evaluate the effect of FA at different concentrations
(ranging from 1.0 to 15.0 g L") in controlling growth of S. enterica and L. monocytogenes on
fresh-cut apple and melon stored at 4 °C, (ii) to determine which application method (immersion
or spray) provides the highest effect and (iii) to study its action as an antioxidant agent in fresh-
cut apple and melon in order to delay browning or changes in colour, and its effect on other quality
parameters, including pH, total soluble content, titratable acidity, total phenolic content,

antioxidant capacity, firmness, and spoilage microbiota.
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2. Materials and methods

2.1. Materials

Apple (‘Golden Delicious’) and melon (‘Piel de sapo’) fruits were obtained from local providers
(Plusfresc, Spain). Trans-ferulic acid (trans-4-hydroxy-3-methoxycinnamic acid, > 99 %,

W518301) was purchased from Sigma-Aldrich (Steinheim, Germany), and NatureSeal® was

from Agricoat NatureSeal Ltd (Hungerford, United Kingdom).

The bacterial strains used comprised the serovars of Salmonella enterica subsp. enterica: Agona
(ATCC BAA-707), Montevideo (ATCC BAA-710), Gaminara (ATCC BAA-711) and
Typhimurium (CECT-4594) and L. monocytogenes serovar 1/2 (CECT-4031), serovar 4b (CECT-

935) and serovar 1/2a, isolated from lettuce in our laboratory (Abadias et al., 2008).

Dey-Engley broth was purchased from Honeywell Fluka (Madrid, Spain). Tryptone soy broth
(TSB), tryptone soy agar (TSA), yeast extract (YE), Palcam base agar and Palcam selective
supplement for Listeria, potassium bisulfate, sodium chloride, xylose lysine deoxycholate agar
(XLD), plate count agar (PCA), dichloran rose bengale chloramphenicol agar (DRBC), and

peptone were acquired from Biokar Diagnostics (Allonne, France).

Ascorbic acid, gallic acid, 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ), 2,2-diphenyl-1-picrylhydrazyl
(DPPH), and sodium carbonate, were obtained from Sigma-Aldrich (Steinheim, Germany).
Methanol, ethanol, hydrochloric acid (37 %), sodium acetate, sodium hydroxide, potassium
chloride, ferric chloride hexahydrate and Folin Ciocalteau's reagent were purchased from Panreac

(Llinars del Valles, Spain).
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2.2.Methodology
2.2.1. Inoculum preparation

S. enterica strains were grown in 0.05 L of TSB, and L. monocytogenes strains in TSB
supplemented with 6 g L of yeast extract, 2.5 g L™! glucose and 2.5 g L'! K;HPO4 (TSBYE) for
24 h at 37 °C, until stationary phase. Culture was centrifuged at 9800 x g for 10 min at 10 °C. The
pellet containing the bacteria was resuspended in 0.025 L saline solution (NaCl, 8.5 g L!). The
population of bacterial suspensions was determined by plating in TSA and XLD, or TSA
supplemented with 6 g L' of yeast extract, 2.5 g L' glucose and 2.5 g L' K;HPO4 (TSAYE) and

Palcam, respectively, and incubated for 24 h at 37 °C.

2.2.2. Preparation and inoculation of apple and melon

Prior to disinfection with ethanol 70 %, fruits were rinsed with tap water. Fruits were peeled and
flesh cylinders of 1.2 cm @ were taken off using a core borer and cut in 1.0 cm high with a sharp
knife. Apple discs from several apples and melon were randomly distributed among treatments.
Fruit discs were inoculated by immersion in a previously prepared suspension containing about
1.5 x 10" CFU mL" of each strain. Concentration was checked by serially diluting in saline
peptone (SP, peptone 1 g L' and NaCl, 8.5 g L") and plating in TSA for S. enterica or TSAYE
for L. monocytogenes and incubated 24 h at 37 °C. A ratio 1:10 (fruit:inoculum volume) was used
for the inoculation, to assure complete immersion of all pieces. After thorough agitation for 2

min, fruit pieces were dried over a lab rack in a biosafety level 2 laminar flow cabinet.
2.2.3. 8. enterica and L.monocytogenes determination

For bacterial counts, each disc was considered a repetition. Three disks for each treatment,
weighing 1 g approximately, were individually placed in an 80-mL sterile filter bag (BagPage®,
Interscience BagSystem, Saint Nom, France) and mixed with 9 mL of buffered peptone water
(BPW, Biokar Diagnostics). They were smashed in a paddle blender (Minimix® 100,
Interscience, France) for 120 s at 6 strokes s™'. Aliquots were serially diluted in SP and 20 pL
were plated by spot plating technique in duplicate plates of selective media. L. monocytogenes

was plated in Palcam agar and S. enferica in XLD agar. Plates were incubated at 37+1 °C for 48+2

7
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h and at 37 + 1 °C for 2441 h, for L. monocytogenes and S. enterica, respectively. Detection limit
was 250 CFU g'. Results were transformed to log CFU g and expressed as reductions in

population growth, calculated as described in (Equation 1).
Reduction (log units)qs= (log Na/No) Eq. 1

Where Ny is the mean of the population of untreated discs (as a population reference), and Ny is

the population of each treatment at sampling date () (CFU g ).
2.3. Experimental design

Four sets of experiments were performed (Supplementary material, S1). The first trial consisted
of the screening of the in vivo antimicrobial activity of ferulic acid (FA) against three
L. monocytogenes and four S. enterica strains that were individually inoculated on apple and
melon flesh disks. In the second, two methods for FA application (dipping or spraying) were
compared against inoculated L. monocytogenes or S. enterica strains on apple and melon disks.
In the third experiment, the minimum FA concentration against inoculated L. monocytogenes on
apple and melon during storage was determined. Samples in trials involving pathogens were
stored at 10 °C for 7 d, in order to analyse the effect in a worse-case scenario of abusive storage
temperature. Finally, the fourth set involved the evaluation of the fruit quality of uninoculated

fresh-cut pieces treated with FA during storage at 4 °C, mimicking the commercial conditions.

2.3.1. Effect of FA at different concentrations against pathogenic strains on fresh-cut

apple and melon

Fruit discs were prepared and inoculated as described in section 2.2.2. Once dried, ten fruit disks
per treatment were immersed in 500 mL of sterile distilled water containing FA in three different
concentrations, low, medium, and high (FA-L, FA-M, FA-H) (Table 1), according to previous
results at in vitro conditions (Nicolau-Lapefia, 2021). Another treatment, consisting of distilled
water without FA, was added as control (CT). Ten discs were also left untreated, for population
reference. After treatment, fruit discs were dried in a biosafety level 2 cabinet during 1 h.

Microbial determinations were done as explained in section 2.2.3. immediately after the
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treatments (DO0) and after 7 d (D7) of storage at 10 °C, being the disks stored in individual 15 mL-

glass tubes with a cap.
2.3.2. Selection of application method: immersion or spray

Preparation of apple and melon disks and culture of pathogenic strains is described in section
2.2.2. Two bacterial cocktails were prepared, one of S. enterica strains and another one of L.
monocytogenes strains, by mixing the 5 mL of the resuspended pellet of the cultured strains,
respectively. Inoculation of apple and melon disks with the respective cocktails was performed

as described in section 2.2.2.

Two application methods were studied: immersion and spray. For spray treatments, disks were
distributed in a lab rack, and sprayed with an airbrush model Hobby Air 707523 (Werther
International, Reggio Emilia, Italy) over one surface for 2 s each. Afterwards, discs were turned
over and were sprayed again. Three concentrations of FA were selected: 2.5, 5.0 and 7.0 g L.
Also, a water application with no FA was added as a treatment control (CT), resulting in 8
different treatments, as a combination of immersion (I) or spray (S) and each of the FA
concentrations (CT, FA-2.5, FA-5.0, and FA-7.5). In addition, inoculated and untreated batches
of discs were included in the experiment and were the reference to compare reductions of
population. Results were expressed as described in Equation 1. Sampling dates were established

for DO and D7. Populations were determined as explained in section 2.2.3.

Moreover, in the immersion treatment, a sample of water and FA wash water was analyzed after
treatment for pathogenic bacterial count, in order to check any bactericidal effect on wash water.
For this, duplicate 1 mL sample of water was mixed with 9 mL Dey-Engley neutralizing medium,
and serial dilutions were plated and incubated in duplicate on XLD or Palcam, for 24 or 48 h,
respectively, for S. enterica and L. monocytogenes. Results were expressed as log CFU mL!, and
detection limit was 50 CFU mL"'. When counts were below the detection limit (<50 CFU mL™"),
absence or presence of both pathogens in wash-water was determined by incubating the Dey-
Engley tubes at 37 °C for 24 h. When presence was confirmed, a value corresponding to %2

detection limit was given for calculations.
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2.3.3. Decreasing FA concentration against L. monocytogenes

The possibility to decrease FA concentration by maintaining the same antimicrobial efficacy was
evaluated. For this, three concentrations were compared to FA-2.5: 1.0, 1.5, and 2.0 g L' FA (FA-
1.0, FA-1.5, and FA-2.0) (n=3). Based on previous results, only L. monocytogenes cocktail on
apple and melon was studied in this trial. Preparation of L. monocytogenes cocktail is described
in section 2.2.1., and preparation of fruit disks, inoculation, and sampling times and procedure is
described in sections 2.2.2 and 2.2.3. FA was applied by immersion, due to results obtained in

previous experiments.
2.3.4. Effect of FA application on the quality of fresh-cut apple and melon

Non-inoculated fresh-cut fruit was used to evaluate commercial quality and shelf life of the fresh-
cut apple and melon samples. Fresh-cut fruit (approximately 2.5 kg) was obtained from different
fruits, which were previously surface disinfected in a 200 mg L' chlorine solution (pH adjusted
to 6.5 using citric acid 2 M) for 2 min, and rinsed with tap water for 2 min. Then, apples were
peeled and 10 wedges of approximately 1 cm width were obtained per fruit with a 10-blaze apple
slicer and corer. For melon, pieces of approximately 4 x 3 x 2 cm without peel were cut with a
knife. Fruit pieces were immersed in treatment solutions immediately after cutting. Pieces were

randomly mixed and subjected to different treatments as follows.

FA treatments for apple and melon consisted of application of 2.5 g L solution (FA-2.5) in a
proportion 1:3 (fruit:solution) for 2 min. To study the antioxidant effect of FA, the commercial
antioxidant NatureSeal® was the control treatment for fresh-cut apple (NS). Apple slices were
immersed in NatureSeal® at 4 % (w:v) for 2 min, following provider instructions. Tap water was
the control treatment for fresh-cut melon (W), in which was immersed for 2 min. Fruit pieces

were let dry over a filter paper at room temperature for 1 h until packaging.

Fresh-cut apple and melon were stored in 500 mL clamshell plastic containers. Three clamshells,
containing approximately 130 g apple or 200 g melon were prepared for each condition. Each

container was considered a repetition. They were stored at 4+1 °C until sampling date. The day

10
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of the treatment was the first sampling date (D0). Apple was analyzed at days 5, 8, and 12 after
treatment (D5, D8, D12), and melon at days 3, 5, and 7 after treatment (D3, D5, D7). Each
sampling date, determination of pH, titratable acidity, total soluble solids, color, firmness, total
aerobic mesophilic microorganisms, and yeasts and molds was performed in triplicate samples
(three clamshells). Also, an aliquot of the fruit pieces was frozen using liquid nitrogen, pulverized
in a MINIMOKA GR-020 grinder (Taurus Group, Barcelona, Spain), and kept at — 80 °C for
further biochemical determinations (antioxidant capacity, total polyphenol content). An aliquot

was freeze dried for ferulic acid determination.

For pH, titratable acidity (TA) and total soluble solids (TSS) determination, the juice of three
fruit pieces from 3 different containers (n=3) was obtained by means of a blender. pH was
determined by using an electrode in a pH-meter GLP22 (Crison Instruments SA, Barcelona,
Spain). For TA determination, 10 mL of juice were diluted with 10 mL of distilled water and
titrated with 0.1M NaOH until pH 8.2 was reached. Results were expressed as malic acid for apple
and citric acid for melon, in mg L. TSS expressed as % was measured at 20 °C with a

refractometer (Atago Co. Ltd., Tokyo, Japan).

Firmness was measured by the maximum penetration force using the TA.XT Plus Connect
texture analyzer (Stable Micro systems Ltd., Surrey, England) on 10 fruits from each of the three
containers (n=3). The maximum force encountered using a cylindrical probe (4 mm) at a speed

of 5 mm s and a trigger force of 0.1 N was determined.

Color was measured on 3 points of 10 fruit pieces from each of the three containers (n=3) by
using a CR-200 Minolta Chroma Meter (Minolta, INC., Tokyo, Japan), with a D65 illuminant and
a 10° observer angle. Color was expressed as CIE L*, a*, and b* coordinates. These values were
used to calculate the browning index (BI) for fresh-cut apples, using the equation proposed by
(Pathare et al., 2013) (Equation 2) and the total color difference (TCD) for fresh-cut melon
(Equation 3):

X-0.31
0.17

(a* +1.75 L*x)xax* Eq 29

BI'=100 X ( (5.645L* +a* —3.012b%) ’

) Eq. 2.1 where X =

11
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TCD = ((L*qg— L*¢)* + (a*a— a*o)*+ (b*a—b*))") *°  Eq.3
where d=value at sampling day and O=initial value (value at DO).

Overall acceptance of the fruit pieces was determined by sensory evaluation by habitual
consumers of this kind of products (n=20). Fruit pieces with the different treatments were
presented with a random codification and consumers evaluated acceptance in a 9-point hedonic

scale.

To determine total aerobic mesophilic microorganisms (TAM) and yeasts and molds (Y&M)
counts, 10 £ 1 g of three different fruit pieces per triplicate (n=3), to assure heterogeneity, were
mixed with 90 mL PS in a sterile filter bag (BagPage®, Interscience BagSystem, Saint Nom,
France) and homogenised using a paddle blender (Minimix®, Interscience, France) for 120 s at
12 strokes s-1. Aliquots were diluted in SP and plated in duplicate plates. For TAM, samples were
plated in PCA and incubated at 30+1 °C for 3 d. For Y&M, samples were plated in DRBC and
incubated at 25+1 °C for 5 d. Detection limit was 50 CFU g\,

Ferric reducing antioxidant power (FRAP) and DPPH- scavenging radical tests were used to
determine the antioxidant capacity (n=3). Total phenolic content (TPC) was determined by
Folin -Ciocalteau method (n=3). For the extraction, 3.0+0.1 g were mixed with 10 mL of methanol
70% (v/v) and homogenized in a vortex. After stirring at 4 °C for 20 min, the samples were
centrifuged by means of a Sigma-3-18 KS centrifuge (Sigma Laborzentrifugen GmbH, Osterode
am Harz, Germany) at 13 500 x g for 20 min at 4 °C. Supernatant was then filtered and marked
to 12.5 mL with methanol 70 %. FRAP, DPPH- and TPC determinations were performed as
described in Nicolau-Lapefia et al. (2019). Results of antioxidant capacity by FRAP and DPPH-
methods were expressed as ascorbic acid equivalents in g kg!. Results of TPC were expressed as

gallic acid equivalents in g kg™

Evaluation of FA in the samples. To determine the concentration of FA that remained in fruit
disks after the immersion in the solutions, an extraction of the phenolic content was carried out
by mixing 3.0 £ 0.1 g of the frozen dried sample with 10 mL of a methanol solution 70 % (v:v).

After agitation for 20 min, samples were centrifuged (14000 x g for 10 min) and the supernatant

12
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was further lyophilized. It was then resuspended in water, methanol and formic acid (1:98:1 v:v:v)
and determined by UPLC-MS, using Acquity UPLC-Xevo TQS (Waters). UPLC was performed
using Acquity UPLC ® HSS T3 1.8 um, 150 x 2.1 mm column, injecting 5 uL of sample at 10
°C, in a isotherm column at 40 °C, with two mobile phases: (A) water, methanol and formic acid
(98:1:1 v:v:v) and (B) methanol and formic acid (99:1.5 v:v) at 0.3 mL min™ in a gradient as
follows: from 0 to 0.51 min 80 % A and 20 % B, from 0.51 to 5.00 min, 20 % A and 80 % B,
from 5.01 to 7.50, flow was increased to 0.4 mL min and mobile phases were 1 % A and 99 % B.
Finally, back at initial conditions to 10.00 min. Mass spectrometry was done with an ESI with
negative ion mode, 2 kV capillarity, source and desolvation temperatures, 120 and 450 °C,
respectively, desolvation gas flow was 1000 L h™', and collision gas flow was 0.15 mL min .
Multiple reaction monitoring of ferulic acid in channels 192.83 > 134.20 and 192.83 > 177.97,

where collision energy was 15 eV and Cone was 30 V. Results were expressed as g kg (dry

weight basis), and detection limit was 0.026 mg kg *!.

2.4. Statistical analysis
All data were checked for significant differences by applying analysis of variance test (ANOVA).
The criterion for statistical significance was p <0.05. When significant differences were observed,
Tukey’s Honest Significant Difference (HSD) of the means was applied. All statistical analyses

were carried out using JMP 13 (SAS Institute Inc., Cary, USA).

3. Results

3.1.Setting up experimental conditions

In the evaluation of the antimicrobial effect of FA, solutions of different FA concentrations were
used (sections 2.3.1. (Table 1), 2.3.2., 2.3.3.). The pH values of FA solutions did not differ
significantly between concentrations and ranged from 3.9+0.1 to 3.7+0.1, from the lowest to the
highest concentration (1.0 to 15.0 g L"). Quality main parameters (pH, TSS and TA) of the fruits

used in these trials are shown in Table 2.

13
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Prior to the treatments, apple discs were inoculated with S. enterica or L. monocytogenes
concentrates. In experiments performed with individual strains, populations of untreated discs at
DO ranged from 5.5+0.2 to 6.5+0.1 in apple and averaged 6.3+0.2 log CFU g! in melon (Table
3). In general, L. monocytogenes strains reached higher populations than S. enterica after storage
(7 d at 10 °C). Only S. Agona decreased by 1 log on apple and increased by 1.7 log on melon after
7 d of storage. In fact, differences in growth for each strain were observed between fruit matrices:
higher growth was observed in melon disks when compared to apple disks. For experiments using
a cocktail of S. enferica or a cocktail of L. monocytogenes, populations of such pathogens in
untreated apple and melon were 6.3+0.1 and 6.1+0.1 log CFU g, respectively. For experiments
involving only L. monocytogenes, initial populations on apple and melon disks were 5.9+0.3 and

6.2+0.1 log CFU g’!, respectively (Table 4).

3.2.Bactericidal effect of FA against S. enterica and L. monocytogenes in fresh-cut apple

and melon.

Bactericidal effect of FA was evaluated immediately after the treatments and the drying time, by
comparing populations of the untreated control with those of the treatments. For instance, in the
first experiment using individual strains, the values of pathogen population at DO and D7 in
untreated samples (Table 3) were used as a population control to calculate the log reductions
(Eq.1) for each treatment shown in Figure 1. Immediately after the treatments, populations were
reduced by 0.4+0.2 or 0.3£0.1 log units in apple or melon disks, respectively, regardless of the
FA concentration (data not shown). These reductions were considered negligible for an
antimicrobial treatment, implying no immediate bactericidal effect of FA. Similar results were
obtained in further experiments evaluating the bactericidal effect of FA on samples inoculated
with the microbial cocktails. Overall, no remarkable differences were observed between
application methods or FA concentrations, with reductions of each studied microorganism and

fruit < 0.5 log units.

3.3.Effect of FA in controlling S. enterica and L. monocytogenes growth on fresh-cut apple

and melon during storage.
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The effect of FA at different concentrations and different application methods was evaluated
after 7 d of storage at 10 °C. In the first experiment using individual strains (Figure 1), pathogen
reductions in FA treated apple and melon were significantly higher than they were in fruit disks
washed with water (control treatment, CT). This fact implied that, while pathogens in CT samples
grew under storage conditions similarly to untreated sample, pathogens in FA samples did not
grow that much, or even decreased when compared to D0. Regarding S. enterica strains, S. Agona
(Figure 1A) showed a different behaviour depending on the fruit matrix. As indicated above
(Table 3), values decreased in untreated apple discs stored at 10 °C, and the addition of FA did
not enhance this decreasing effect. In melon, in contrast, this strain grew in the untreated sample,
but decreased 2.0+0.1 log in FA treated samples. S. Montevideo (Figure 1B) in apple was reduced
by 3.6+1.4 log by all FA treatments. In melon, a significant difference between FA-L and FA-H
was observed, with reductions of 0.8+0.4 and 1.9+0.3 log, respectively. S. Gaminara (Figure 1C)
strain was not affected by FA immersion. Differences between control treatment (CT) and FA
treatments were not significant, in either apple or melon. S. Typhimurium (Figure 1D) population
in samples treated with FA was reduced 1.5+0.2 and 2.3+0.1 log in apple, and between 2.2+0.2
and 2.7+0.1 log in melon, when compared to the untreated reference. Concerning the effect of
FA against L. monocytogenes, higher reductions than those obtained in S. enterica were
observed, even higher concentrations were used for S. enterica (5.0 to 15.0 g L' FA) in
comparison to those used for L. monocytogenes (2.5 to 10.0 g L). Therefore, L. monocytogenes
was more susceptible than S. enterica to FA. In comparison to the untreated control, L.
monocytogenes 1/2,4b, and 1/2a growth at the end of storage (7 d, 10 °C) was reduced by 4.0+0.2
log in apple, and ranged from 2.0+0.4 to 4.7+0.2, from 3.2+0.2 to 3.6+0.6, and from 3.9+0.1 to

4.1£0.2 log in melon, respectively.

Different application methods may have further different effects, as they can influence the amount
of solution absorbed, the surface covered, and the concentration of active compounds to use. For
this experiment, S. enterica, tested concentrations were decreased, because no difference was

observed between FA-L and FA-H in the previous experiment. Therefore, a lower product
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concentration was studied, expecting the same effect. Moreover, concentrations > 7.5 g L
clogged the nuzzle. Regarding S. enterica cocktail (Figure 2A), the reduction of population in
apple discs at the end of storage (7 d, 10 °C) was lower than 1 log unit regardless of the method
of application and tested FA concentration. In melon, the application of FA by immersion (I-FA)
caused a slightly higher reduction than application by spray (S-FA). In contrast, reductions after
storage (7 d, 10 °C) caused by immersion application method against L. monocytogenes cocktail
were significantly higher than those caused by spray application for each studied fruit (Figure
2B). Reductions were 2.1- and 2.8-fold higher in I-FA compared to S-FA, in apple and in melon,
respectively. No differences were observed between FA-2.5, FA-5.0, or FA-7.5, in any of the
cases. Due to its higher efficacy against L. monocytogenes, application of FA by immersion was

selected for further experiments.

As it has been described before, L. monocytogenes was effectively controlled by concentrations
of FA above 2.5 g L'!, while higher concentrations of FA were needed to reduce S. enterica. In
this trial, the use of lower FA concentrations against L. monocytogenes was tested. At the end of
storage (D7) at 10 °C, L. monocytogenes reductions in apple disks ranged from 3.7+0.1 to 4.1 £+
0.1 log units, compared to the untreated reference. In contrast, in melon disks, L. monocytogenes
reduction values were positively correlated to the FA concentration applied, and significantly

affected its efficacy, with reduction values ranging between 1.0£0.1 and 3.9+0.1 log.
3.4.Effect of FA in the control microorganisms in the wash water

The remaining microorganisms in the wash water (S. enterica and L. monocytogenes) were
evaluated after the treatments to investigate whether FA could act also as a control to maintain
safety of the washing-water and to prevent cross-contaminations. However, the counts in the FA
solution or water after the fruit immersions revealed the presence of 4.9 £ 0.1 or 4.7 + 0.3 log
CFU mL" of S. enterica or L. monocytogenes. 1-FA-2.5, 1-FA-5.0 and I-FA-7.5 solutions
contained the same concentration of microorganisms after treatments, confirming no bactericidal

effect caused by FA at these concentrations (Data not shown).
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3.5.Impact of FA in the quality of fresh-cut apple and melon

The effect that FA selected dose (2.5 g L") had in the quality of fresh-cut apple and melon was
determined in non-inoculated samples, and fruit pieces were stored at 4 °C to mimic commercial
conditions, during 12 or 7 d, for apple or melon, respectively. The determination of the FA by
HPLC-MS in the fresh-cut samples revealed that apple pieces contained 0.25+0.04 g kg™ (dry

weight basis), and melon pieces contained 1.22+0.07 g kg™ (dry weight basis).

No significant differences were observed in quality parameters (pH, TSS and TA) of apple or
melon during storage, regardless of the treatment. In apple, values for these parameters were 4.3
+0.1, 11.6+0.6 %, and 3.1+0.3 g L', respectively. In melon, these values were 5.94+0.1, 11.440.2

% , and 1.6+0.1 g L', respectively.

Firmness of fresh-cut apples after the treatments was 13.84+0.24 N, and 10.09+0.75 N, for
Natureseal® treatment (NS) and 2.5 g L' FA (FA-2.5), respectively (Table 5). During storage,
firmness of NS samples increased and firmness of FA-2.5 significantly decreased, achieving
values up to 18.14+1.36 and 6.85+0.17 N, respectively at day 12 of storage. In fresh-cut melon,
both water control (W) and 2.5 g L' FA (FA-2.5) samples had the same firmness values
immediately after the immersion in the treatment solutions, which averaged 5.76 + 0.09 N.

However, firmness values significantly decreased up to 4.88 £ 0.02 N after 7 d of storage.

Regarding color, the initial L*, a*, and b* coordinates of apple wedges were 79.8+0.5, 1.5+0.3,
and 19.4+0.7, respectively (Supplementary figure 2, S2). The changes observed led to a reduction
in luminosity and an increase in reddish color, which can be expressed by browning index (BI)
(Figure 3A). In NS samples, BI value was maintained during storage, but BI in FA-2.5 treated
fresh-cut apples increased from 4.0+0.3 to 10.7£1.0. In melon pieces, initial L*, a*, and b* values
were 69.8+0.3, 1.1+0.1, and 6.7+0.1, respectively (Supplementary figure 2, S2). Overall, although
there were some variations during storage, these values did not show significant differences
between W control and FA-2.5 treatment. At D7, TCD of samples averaged 1.4+0.2 for both

treatments (Figure 3B).
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The sensory evaluation revealed that apple wedges treated with FA-2.5 had lower acceptance than
those with NS (Table 6). Comments revealed that consumers had perceived in those samples an
acid aftertaste and a softer texture when compared with NS control. Contrarily, acceptance of FA-

2.5 treated melon wedges was not different from that of W control (Table 6).

Control apple wedges treated with NS treatment showed significantly higher antioxidant values,
both in DPPH- and in FRAP methods, than samples treated with FA-2.5 did (Table 7). During
storage, DPPH- and FRAP significantly decreased, although in FA-2.5 such decrease was
delayed. At the end of storage, antioxidant values of NS and FA-2.5 samples decreased by 37.3
and 25.7 %, respectively. In melon, the addition of FA-2.5 to samples increased by 1.6-, 5.7-, and
3.2-fold their FRAP, DPPH- antioxidant capacities, and TPC values were also higher when
compared to W samples (water control). A decrease in DPPH- and TPC values of fresh-cut melon
was observed during storage, achieving final values of 12.48+0.42 - 10 g kg and 6.61+2.08 -

10 g kg'!, respectively.

Initial population of TAM in fresh-cut apples was 2.44+0.4 log CFU g (Figure 4A). Immediately
after NS and FA-2.5 treatments, TAM decreased to 2.14+0.1 and 1.8+0.5 log, respectively. During
the 8 d of storage, counts increased similarly in both samples. In the case of fresh-cut apple, the
treatment with FA showed a bacteriostatic effect, as populations did not significantly increase
during this time. After 12 days of storage (D12), TAM count in FA-2.5 samples was maintained
at 3.1£0.1 log CFU g, while counts in NS samples achieved 4.5+0.3 log CFU g'. In melon
(Figure 4B), contrarily, although the initial TAM counts were 2.6+0.1 log CFU g, and after
immersion of wedges in water control (W) or FA-2.5 solutions, counts decreased to 1.5+0.2 and
1.4+0.1 log, respectively, growth was not controlled by any of the treatments during storage. At

D7, TAM counts in fresh-cut melon were 5.5+0.3 log CFU g!, for both W or FA-2.5 treatments.

Initial Y&M population in apple wedges was 1.6+0.4 log CFU g, and it did not significantly
decrease after immersion in NS or FA-2.5 solutions (Figure 4C). Y&M counts increased during
storage similarly for both treatments, and after 12 d at 4 °C, it was 3.3+0.5 and 3.0+0.2 log, for

NS and FA-2.5, respectively. Contrarily, Y&M populations in fresh-cut melon remained stable
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428  for the first 5 d of storage at 1.4+0.1 log CFU g'!(Figure 4D). At the end of storage (7 d),
429  population in water control (W) samples grew up to 2.4+0.1 log CFU g, while it remained in

430  FA-2.5 samples.
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4. Discussion

The antimicrobial effect of ferulic acid was studied in L. monocytogenes and S. enterica
inoculated in fresh-cut apple and melon. Results revealed no bactericide but bacteriostatic effect
during the 7 d of storage at 10 °C for the 7 strains used. For this, FA could be suggested as a
solution to prevent pathogenic bacterial growth in fresh-cut products. According to the European
regulations on microbiological safety (Reg. EC 2073/2005 and subsequent modifications), the
criteria for fresh-cut fruit are the following: Sa/monella spp. must not be detected in 25 g (5
samples) during the products’ shelf-life and Listeria monocytogenes should not be detected in 25
g (5 samples) at the end of the production chain and should be maintained under 10> CFU g'!. The
application of FA would help in meeting the shelf-life criteria for fresh-cut fruits, as if selected
pathogens are present but not detected at the end of production chain, its application can maintain

such counts below the regulation limit during the storage of the product.

In general, all strains of each microorganism were affected in the same way by showing reductions
around 2 to 4 log units. FA has already been reported to have antimicrobial effects against L.
monocytogenes (Borges et al., 2013; Pernin et al., 2019b). In fact, in previous studies carried out
by our investigation group, it was found that L. monocytogenes was more affected by FA than
other tested strains such as Bacillus cereus, Escherichia coli or Salmonella enterica when tested
in vitro. In this paper, the concentrations selected for the first trial were at least 2 times higher
than the MIC found in our previous studies (ranging from 1.7 to 3.3 g L"), because it has been
observed that the concentration remaining in fruit tends to be lower than the concentration at
which it is immersed. In fact, when fresh-cut apple and melon were immersed in a solution
containing 2.5 g L' FA, the remaining content was 0.25+0.04 and 1.224+0.07 g kg™ (dry weight
basis), respectively. In line with the results obtained in this paper, Takahashi et al. (2013) reported
no remarkable effect of FA on Gram negative bacteria, including Sa/monella spp. The FA action
mode combines two mechanisms; the acidic and the lipophilic mechanisms. The acidification of
the cell cytoplasm, together with a K" ions efflux caused by the dissociation of the acid leads to

an eventual death of the bacterial cells. Also the transport of the substances across the membrane
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is inhibited by a disturbance in the Van der Waals forces, occurring when the acid is intercalated

in the phospholipid layers of the membrane (Pernin et al., 2019a).

In this study and based on previous results of the research group, three different concentrations
of FA were tested for each strain. Except for S. Typhimurium in fresh-cut apples, and S.
Montevideo and L. monocytogenes 1/2a in fresh-cut melon, the antimicrobial effect observed was
not concentration-dependent at the tested doses. Even though previous in vitro studies carried out
in our lab indicated that the concentration chosen for FA-M treatment was the MIC for each strain,
in vivo trials are needed to consider the different variables, including the food characteristics,
namely pH, natural antimicrobials, roughness of surface and adhesion capability of the cells to it,
and extrinsic factors such as storage temperature. In the present study, we observed that FA had

a bacteriostatic effect, not bactericidal.

The decrease in S. enterica or L. monocytogenes differed depending on the fruit studied. The
difference in the behavior of these bacteria under the same concentrations in apple or melon could
be related to the intrinsic properties of the sample, such as pH, acidity or the type of the
characteristic acids. Apple and melon pH values were 4.6 + 0.3 and 5.7 = 0.3 (Table 2) and malic
and citric are the predominant acids, respectively. The higher pH and lower acidity of the melon
may facilitate the growth of the microorganisms when compared to apples. Therefore, pH is acting
as a hurdle preventing growth of L. monocytogenes by itself in those samples, which makes lower

reduction values.

The concentrations of FA used against L. monocytogenes were reduced from 2.5to 1.0 g L' as it
was observed that concentrations of 2.5 showed a higher antimicrobial effect against L.
monocytogenes than against S. enterica. That reduction in FA concentration was accompanied
with a reduction in its efficacy in apple, but not in melon. When FA was applied at concentrations
higher than 2.5 g L', the antibacterial effect was similar for all of them, independently of the
concentration tested. One possible explanation is that independently of the concentration in the
washing solution, the FA that remained on the surface of the apple was the same, because there

could be a maximum surface / FA attachment ratio that was already reached at 2.5 g L', This
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attachment ratio could depend on the porosity of the matrix. In fact, the difference in applying the
same concentration of FA to different fruit matrices (apple and melon) was patent when
determining the remaining FA in their surfaces: it was 6 times higher in melon than it was in apple
(1.22+0.07 g kg and 0.25+0.04 g kg™ (dry weight basis), respectively). FA has also been tested
for L. monocytogenes growth inhibition in food matrices other than fruit. For example, Takahashi
et al. (2013) added FA at 2 or 4 mg g of cheese or salmon, respectively, and observed that
inoculated L. monocytogenes did not grow as much as the non-FA control did (2 or 3 log units in
FA-treated cheese or salmon, compared to 5 logs in non-treated samples, after the end of the
storage). This highlights the need to evaluate the effect against pathogens both in vitro and in
vivo, as the target matrix characteristics may interfere or interact with the antimicrobial agent or
the pathogen in several ways. In fact, Belgacem et al. (2020) also found differences between
matrices (apple, melon and pear) when investigating the effect of a pomegranate peel extract

(PGE) on the growth of L. monocytogenes.

Moreover, two different application methods (immersion and spray) were evaluated, because
depending on the properties of the solution and the product characteristics, they may have
different performances (Zhong et al., 2014). Other studies did not show differences in the effect
of antimicrobial essential oils on lettuce between these two application methods in mesophilic,
psychrotrophic, and coliform bacteria (Ponce et al., 2011). In the present study, however, the
immersion application method was selected over the spraying, because it was more effective in
inhibiting growth of pathogens, probably because of a greater impregnation of the product. Also,
2.5 g L' of FA proved to be effective against L. monocytogenes but also in S. enterica, so to
assure the efficacy in both species, this concentration was selected to continue with the following

experiments.

Finally, FA preserved the quality parameters pH, TSS or TA of the studied fresh-cut products,
which did not vary, and were in accordance with those found in the literature (Iglesias and Alegre,
2006; Kolayli et al., 2010). Regarding textural quality, the application of NS in apple resulted in

a decrease in firmness when compared to the control. As also observed by Rossle et al. (2009),
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Natureseal® reduced firmness loss in consequence of cross-linking cell wall and middle-lamella
pectin (Rossle et al., 2009). A decrease in firmness of apple wedges was observed during storage
in FA-treated samples. On the contrary, the firmness of samples in the control treatment (NS) was
maintained or even increased and was significantly higher than FA treated fresh-cut apple. In
melon, the treatment FA-2.5 did not maintain firmness, which decreased with time comparably
to the W control. Texture loss could probably be attributed to to enzyme activities, such as
galactosidase, endo- polygalacturonase, and/or exo-polygalacturonase, which solubilize pectin in

cell walls of melon pieces (Aguayo et al., 2004).

Color can suggest freshness and flavor qualities to consumers (Barrett et al., 2010). Browning is
a product alteration easily detected by consumers, which leads to product rejection (Jaeger et al.,
2018). Bl was used as a pointer of color quality in fresh-cut apples, which are highly affected by
these reactions (Lunadei et al., 2010). NS was selected as a commercial antioxidant treatment to
use in the fresh-cut apple processing industry. FA is considered to be an antioxidant and its
polyphenol oxidase activity (PPO) inhibition capacity has been associated with it. It can prevent
the binding between substrate and enzyme by occupying the latter’s active place (Shannon and
Pratt, 1967). In this study, FA did not behave as an anti-browning agent as NS treatment did.
Previous work of our investigation group (Nicolau-Lapefia et al., 2021) reported that 2.5 g L™!
inhibited 21.2 £ 1.9 % the apple PPO activity. Maybe, regardless of its reported PPO inhibitory
activity at in vitro conditions, more concentration is needed to increase its visible anti-browning
effect in apples. We have to take into account that fruit was stored under air conditions (not in a
modified atmosphere) and oxygen could facilitate browning. For this, further investigations
would be needed, including the use of modified atmospheres or the combination with FA for
pathogenic control and NS for color preservation. In melon, the TCD values averaging 1.4

indicate that color was well maintained during storage (Mokrzycki and Tatol, 2011).

The antioxidant capacity of a fruit can increase its stability during storage and prevent detrimental
changes, including variations in color (Hassimotto et al., 2005). Apples treated with NS had

higher antioxidant capacity than they had with FA-2.5. TPC values were also significantly higher
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in NS samples than they were in FA-2.5 samples. As NS does not contain phenolic compounds,
the higher TPC values could be attributed to an overestimation of TPC by interference caused by
ascorbate, which is included in the composition of Natureseal®. Ascorbic acid is a reducing
compound (non-phenolic antioxidant), which also reduces the Folin-Ciocalteau reagent to form a
blue color in alkaline pH (Lester et al., 2012). On the other hand, in melon, FA-2.5 samples
showed higher antioxidant values when compared to W control. In fact, FA has already been
reported to be a powerful antioxidant (Zdunska et al., 2018). Moreover, FA helped to maintain

the antioxidant capacity of melon during storage and the TPC content remained constant.

The effect of FA on native microbiota of apple and melon was also studied. Immediately after
treatments, populations of TAM slightly decreased, possibly because of the soaking in agitated
water. However, only FA-2.5 treatment in apple was able to control TAM populations after 12 d
of storage (4 °C). Regarding Y&M, FA was not effective in decreasing or controlling populations
in apples or melons. Moreover, the reductions in natural microbiota were lower than they were in
the inoculated pathogens. Even some authors have reported that FA at concentrations higher than
250 mg L' would have antimicrobial effect against Saccharomyces cerevisiae (Baranowski et al.,
1980), there is not much literature on how FA may affect growth of yeasts and molds. Thus, more
studies on effective concentrations and action modes should be carried out in the future. Although
there is not a legislation determining the non-pathogenic native microbiota in fresh-cut products,
the final concentrations of TAM reached 5 log units per gram, from which, 2 to 3 log units were
Y&M. The high levels of microorganisms could alter the food’s appearance, odor, texture, or
taste, because of their biochemical activity as they grow in the food, that can include carbohydrate

degradation into simpler sugars, organic acid oxidation or sugar fermentation (Sperber, 2009).

24



562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

Conclusions

In this paper, the application of ferulic acid (FA) in fresh-cut apples and melons was evaluated.
Immersion method was selected over spray application for FA, as it proved to have higher
efficacy. Although no bactericidal effect after washing was found against the studied pathogenic
microorganisms (L. monocytogenes and S. enterica), FA at 2.5 g L! highly prevented growth of
L. monocytogenes on fresh-cut apple and melon during storage at 10 °C for 7 d, without affecting
the quality evaluated in fresh-cut apple and melon stored at 4 °C for 12 and 7 d, respectively.
Some effect was found against S. enterica, but populations in fresh-cut fruit remained relatively
high after storage at 10 °C for 7 d. Moreover, the reported health impact that FA may exert,
including anti-inflammatory, anti-thrombosis and anti-cancer activities, could contribute to
enhancing nutritional and functional properties of fresh-cut fruit, adding value to these products
for the consumers’ benefit. An optimisation of the formula would be needed in order to minimize
aftertastes detected in apple. Moreover, quality maintenance during storage should be improved,

maybe by combining FA with another preservative as NS.

Overall, FA effect in delaying the growth of pathogenic microorganisms, L. monocytogenes and
S. enterica, would present this substance as a potential ingredient or additive to be used in fresh-
cut products, in order to offer consumers safe and quality products. In a possible real application,
the use of FA should be accompanied by the disinfection step, as no disinfection effect has been
demonstrated in the studied conditions. However, legislation, scale up, and other pathogenic
strains or fruit matrices should be also evaluated when developing commercial products using this

compound.
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Table 1. Low, medium and high concentrations of FA used for each pathogenic strain.

FA treatment

FA-L FA-M FA-H
Strain @L) (gL (gL
S. Agona 10.0 12.5 15.0
S. Michigan 7.5 10.0 12.5
S. Montevideo 5.0 7.5 10.0
S. Typhimurium 7.5 10.0 12.5
L. monocytogenes 1/2 2.5 5.0 7.5
L. monocytogenes 4b 2.5 5.0 7.5
L. monocytogenes 1/2a 5.0 7.5 10.0

FA-L, lower concentration of ferulic acid; FA-M, medium concentration of ferulic acid; FA-H, higher concentration of ferulic acid tested.
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Table 2. Initial quality parameters of apple and melon used for the experiments: pH, total soluble solids (%), and titratable acidity (malic acid for apple, citric
acid for melon, mg L) (n=21).

Total soluble solids  Titratable acidity

Fruit pH (%) (mg L")
Apple 46+0.3 14.6 £1.2 1.6+0.2
Melon 57+03 11.3+£0.8 1.3+£0.1

FW, fresh weight
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Table 3. Initial (DO) and final (D7, after 7 d of storage at 10 °C) populations of pathogenic strains in untreated apple and melon (n=3).

Apple Melon
Initial Final Initial .
lati lati lati Final

population population population population
Strain (log CFU g1 (log CFU g (log CFU g (log CFU g1
S. Agona 6.2+0.1 52+09 6.2+0.1 7.9+0.1
S.. Michigan 55+0.2 7.3+0.1 6.4+0.1 8.3+0.1
S. Montevideo 6.3+0.2 7.4+0.2 6.3+0.1 8.6+0.1
S. Typhimurium 6.5+0.1 7.2+0.5 6.6 +0.1 8.6+0.1
L. monocytogenes 1/2 5.6x£0.2 7.9+£0.5 6.4+0.1 9.5+0.1
L. monocytogenes 4b 5.8+0.1 8.5+0.1 6.3+0.1 9.2+0.1
L. monocytogenes 1/2a 5.8+£0.1 8.2+0.1 6.2+0.1 9.3+£0.1
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Table 4. Population of L. monocytogenes cocktail in untreated apple and melon at initial (D0) and final (D7, after 7 d of storage at 10 °C). Reductions of L.
monocytogenes populations compared with the population of the untreated samples after FA treatments at different concentrations, in apple and melon (n=3).
Different lowercase letters indicate statistically significant differences between treatments in the same storage day and fruit (p < 0.05), according to Tukey’s
HSD test.

Apple Melon

DO D7 DO D7
Population (log CFU g™) Untreated 59+0.3 7.9+0.5 6.2+0.1 9.3+0.1
Reduction (log)" FA-1.0 04+0.1° 3.7£0.1*  03+0.1° 1.0+0.1°

FA-1.5 04+0.1° 41+0.1° 05+02° 20+02°
FA-2.0 0.5+0.1° 39+0.1%® 04£0.1° 33+£0.1°

FA-2.5 04=+0.1% 3.7+£0.1% 0.5+0.1° 39+£0.14

'Reduction (log units)q= (Log Na/No) Eq. 1. Where Ny is the mean of the population of untreated discs (as a population reference), and N, is the population of
each treatment at sampling date (d) (CFU g ™).
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Table 5. Firmness values (N) of apple (NS or FA-2.5) and melon (W or FA-2.5) at different storage days (n=30). Values are the mean and the bars represent the
standard deviation. Different lowercase letters indicate statistically significant differences between treatments in the same storage day and fruit (p < 0.05).
Different capital letters indicate statistically significant differences between days within the same treatment (p < 0.05) according to Tukey’s HSD test.

Firmness (N)

Fruit Day Control* FA-2.5
DO 13.84 +£0.25 10.09 £ 0.75 ®A
D5 15.49 +£0.71 *AB 8.65 (.58 PAB
D8 19.56 £0.22 € 8.07 +£0.75 bBC

Apple D12 18.14 +1.36 *BC 6.85+0.17 °C
DO 5.82+0.35% 5.69+£0.17 24
D3 5.56 +0.06 ** 5.79 +£0.20 **
D5 5.88+£0.31 2 5.824+0.35%

Melon D7 486+0.17 489+0.15

NS, Naturseal ® treatment; FA-2.5, ferulic acid at 2.5 g L'!; W, water.
*Controls: NS for apple, W for melon.
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Table 6. Sensory evaluation of fresh-cut apple (NS or FA-2.5, 0 and 8 d) and fresh-cut melon (W or FA-2.5, 0 and 7 d) in a 9-point hedonic scale (n=20).
Different lowercase letters indicate statistically significant differences between treatments in the same storage day and fruit (p < 0.05) according to Tukey’s
HSD test.

Punctuation in 9-point hedonic scale

Fruit Day Control* FA-2.5
DO 69+12° 52+1.2°

Apple D8 6.6x15* 49+1.8°
DO 76+1.1% 70+18*

Melon D7 7.1+£14°% 64+19°*

NS, Naturseal ® treatment; FA-2.5, ferulic acid at 2.5 g L'!; W, water.
*Controls: NS for apple, W for melon.
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Table 7. Antioxidant capacity values by FRAP and DPPH- methods (AAE- 102in g kg ") and total phenolic content (TPC) (GAE- 10%in g kg *!) of apple (NS
or FA-2.5) and melon (W or FA-2.5) at different storage days (n=3). Values are the mean and the bars represent the standard deviation. Different lowercase
letters indicate statistically significant differences between treatments in the same storage day and fruit (p < 0.05). Different capital letters indicate statistically
significant differences between days within the same treatment (p < 0.05) according to Tukey’s HSD test.

FRAP (- 102, gkg™) DPPH- (- 102, gkg™) TPC (- 102, gkg™)

Fruit Day
Control* FA-2.5 Control* FA-2.5 Control* FA-2.5

Apple DO 169.06 + 36.08 ** 51.06 = 4.05 %A 151.90 £ 16.11°4  51.47+8.47°% 186.11 +£15.32 34 67.54+16.11°%
D5 142.51 £ 10958 4519+3.14 % 135.78 £ 8.07 %AB 48.15+4.03 "AB 159.50 £ 16.11 A8 60.72 +8.07 *A
D8 134.97 £ 4.69 2B 44.01 £2.10 PAB 116.82 £3.29 45.65+2.14 PAB 147.76 £28.80 *AB  60.57 +£3.29 *A
D12 110.75 + 6.46 *B 36.41+£2.53"b8 88.65+5.26 % 36.50+1.25°8 119.80 £ 8.11 %8 55.73+£5.26%

Melon DO 8.64 + (.24 ®AB 14.24 +0.70 *AB 2.63 +£0.60 °A 14.99 £ 0.22 A 14.03 £3.25% 44.61 £8.29
D3 8.81 +£0.04 A 13.46+0.28 *B 2.38+£0.15% 15.30 £ 0.55 %A 10.27 £ 1.09 4B 39.91+£2.293
D5 8.43 +0.09 *BC 13.58 £0.12 *8 3.20+£0.24 %A 15.45+0.59 *A 9.64 +1.91 *AB 39.81+1.82 %
D7 8.16 +£0.06 °C 14.72 £ 0.05 A 4.16+0.14 8 12.48 £0.42 8 7.79 +£0.54 B 36.61 £2.08 *A

NS, Naturseal® treatment; FA-2.5, ferulic acid at 2.5 g L''; W, water; TPC, total phenolic content; AAE, ascorbic acid equivalents; GAE, gallic acid equivalents.

*Controls: NS for apple, W for melon.
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Figure 1. Population changes in counts of S. Agona (A), S. Montevideo (B), S. Gaminara (C), S.
Typhimurium (D), L. monocytogenes serovar 1/2 (E), L. monocytogenes serovar 4b (F), and L.
monocytogenes serovar 1/2a (G), in control treatment (CT), or in FA at low concentration (FA-
L), at a medium concentration (FA-M) or at a high concentration (FA-H) compared to untreated
samples, after 7 d of storage (D7) at 10 °C, in apple (M) and melon (M) discs. Values are the mean
+ standard deviation (n=3). Within the same fruit, different letters mean statistically significant

differences between treatments (p < 0.05) according to Tukey’s HSD test.
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Figure 2. Population changes in counts of (A) S. enterica, and (B) L. monocytogenes, in
comparison to untreated sample in apple (W) and melon (W) discs, treated with different FA
concentrations (2.5, 5.0, and 7.5 g L!) by immersion (I) or by spray (S) after 7 d of storage (D7)
at 10 °C. Values are the mean =+ standard deviation (n=3). Within the same fruit, different letters
mean statistically significant differences between treatments (p < 0.05), according to Tukey’s

HSD test.
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Figure 3. Browning index (BI) in Naturseal ® (NS, B ) and 2.5 g L' FA (FA-2.5, m) treated
fresh-cut apple (A), and total color difference (TCD) in water control (W, ®) and 2.5 g L' FA
(FA-2.5, m) treated fresh-cut melon (B) in trial 4 during storage at 4 °C. Values are the mean +
standard deviation (n=3). Different lowercase letters mean statistically significant differences
between treatments for the same day (p < 0.05). Different capital letters mean statistically

significant differences between days within the same treatment (p < 0.05) according to Tukey’s

HSD test.
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Figure 4. Counts of total aerobic mesophylls (TAM, A and B) and yeasts and molds (Y&M, C
and D) populations of Naturseal ® (NS, ®) and 2.5 gL' FA (FA-2.5, m) treated fresh-cut apple
(A and C) and of water control (W, ) and 2.5 g L"! FA (FA-2.5, m) treated fresh-cut melon (B
and D) in trial 4 during storage at 4 °C. Values are the mean + standard deviation (n=3). Different
lowercase letters mean statistically significant differences between treatments for the same day
(» <0.05). Different capital letters mean statistically significant differences between days within

the same treatment (p < 0.05) according to Tukey’s HSD test
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SUPPLEMENTARY 1. Experimental design

Supplementary
Figure 1
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0d,7d/10°C
1 disc/repetition (n=3)

Application method
(immersion or spray)
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0d,7d/10°C
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Optimize concentration
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Cocktail L. monocytogenes

Apple and melon
FA-1.0, FA-1.5, FA-2.0, FA-2.5
0d,7d/ 10°C
1 disc/repetition (n=3)

Quality during storage
pH
total soluble solids,
titratable acidity
Color
Texture
Antioxidant capacity
Total phenolic content
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Yeasts and moulds

Apple
NS, FA-2.5
0d,5d,8d,12d/4°C
10 wedges/repetition (n=3)

Melon
W, FA-2.5
0d,3d,5d,7d/4°C
10 wedges/repetition (n=3)
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SUPPLEMENTARY 2. Changes in color values L*, a*, b* in NS (W) and FA-2.5 () fresh-cut
apple (A), and L*, a* b* in W (W) and FA-2.5 (=) fresh-cut melon (B) in trial 4 during storage
at 4 °C. Values are the mean + standard deviation (n=3). Different lowercase letters mean
statistically significant differences between treatments for the same day (p < 0.05). Different

capital letters mean statistically significant differences between days within the same treatment

(p < 0.05).

Supplementary figure 2

A, apple B, melon
85.0 71.0
L* L*
2A aAB aAB aB aA aA aA
80.0 - 70.0
aA aA
75.0 | B 69.0 - AB
bB aA
70.0 + 68.0
bC
65.0

10.0

8.0

6.0

4.0 |

20

0.0
35.0

30.0

25.0

20.0

15.0

10.0

44



	Caratula postprint Elsevier (4)
	Nicolau-Lapena_Ferulic_22.docx



