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a b s t r a c t

The work presented here aims to contribute with a sustainable alternative to chemicals for avoiding
deterioration of harvested date palm fruits by evaluating the single or combined use of UV-C radiation
and ozonated or electrolyzed water (EW). In this way, the effects of UV-C light (0; 2.37; 6.22; 8.29 and
12.14 kJ m�2) alone, and the combined effect of 6.22 kJ m�2 UV-C with neutral EW (NEW, pH 6.99,
870 mV ORP, 100 mg L�1 free chlorine), alkaline EW (AEW, pH 11.28, �880 mV ORP, 1.83 mg L�1 free
chlorine) and ozonated (O3, 0.55 mg/L ozone) water on overall quality of Deglet Nour dates stored for 30
days at 20 �C were studied. Microbial growth, weight loss, firmness, pH, titratable acidity, moisture,
water activity, sugars and phenolics content, antioxidant activity color and sensory quality were moni-
tored. UV-C light, mainly at 6.22 kJ m�2, alone or combined with NEW, AEW and O3, kept the overall
quality of dates during storage, Moreover, those treatments reduced the most mesophilic, coliforms,
yeasts and molds counts. In summary, these combined emergent sanitizers could be useful for disin-
fection of fresh dates while keeping quality and prolonging shelf-life.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

The achievement of an optimal shelf-life of date palm (Phoenix
dactylifera L.) starts by using high quality rawmaterial, free of insect
attack, and continues with appropriated harvesting, handling,
processing, packaging, storage, transport and distribution and retail
sale operations. Methyl bromide is the most widely used pesticide
for harvested date palm in developing countries but, because of its
toxicity to applicators and to the environment, its use will be
forbidden from 2015 (Bell, 2000; UNEP, 1995). Methyl bromide is
used also for controlling the moth of pyrale (Ectomyelois ceratoniae
Zeller), the major insect pest of dates both in field and in storage
(Haouel, Mediouni-Ben Jemâa, & Khouja, 2010). Research on
tion Group, Departement of
ena, Paseo Alfonso XIII, 48,
; fax: þ34 968325433.
efficient and sustainable commercial alternatives for keeping
overall quality and safety of harvested dates must be conducted.

The germicidal, artificial ultraviolet C (UV-C) light in the range
of 200e280 nm is a non-ionizing radiation used as a sustainable
technique to avoid fungicides residues in food. UV-C light at low
doses reduces postharvest decay, and controls natural infection,
very probably due to the accumulation of antifungal compounds
in tissues, and maintains the overall quality of several fruits and
vegetables (Art�es-Hern�andez, Robles, G�omez, Tom�as-Callejas, &
Art�es, 2010; Crupi, Pichierri, Basile, & Antonacci, 2013; Erkan,
Wang, & Krizek, 2001; ). UV-C light also induces antioxidant ac-
tivity, reduction of respiration rates, controls rot development
and delays senescence in many fruit and vegetables (Alegria et al.,
2012). In addition, it offers several advantages such as it does not
require extensive safety equipment and the cost is relatively low
(Art�es, G�omez, Aguayo, Escalona, & Art�es-Hern�andez, 2009; Pan
& Zu, 2012). UV-C radiation may be used in an industrial pro-
cessing plant for disinfection of food contact surfaces and for
water used for rinsing as well as for air cleaning in the handling
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area. Although the technique is subjected to some safety mea-
sures for workers, it is easily applied, being lethal to most types of
microorganisms (Bintsis, Litopoulou-Tzanetaki, & Robinson,
2000).

The effect of UV-C radiation on microbial growth, changes in
bioactive constituents, physico-chemical composition and sensorial
quality has been investigated in many plant produce like zucchini
squash (Erkan et al., 2001), watermelon (Art�es-Hern�andez et al.,
2010), fresh-cut melon (Manzocco, Pieve, & Maifreni, 2011), broc-
coli (Martínez-Hern�andez, G�omez, Pradas, Art�es, & Art�es-
Hern�andez, 2011) or pineapple (Pan & Zu, 2012). However,
studies analyzing its effects on date palm overall quality are very
scarce (Jemni et al., 2014).

The O3 is recognized as a safe disinfectant for foods (FDA, 1997)
being authorized in many countries for direct contact with food. It
was found that O3 gas or ozonated water lowered decay during cold
storage of papaya fruits (Ali, Ong, & Forney, 2014), persimmon
leaves (Ikeura, Hamasaki, & Tamaki, 2013), lowbush blueberries,
(Crowe, Al Bushway, & Davis-Dentici, 2012), actinidia deliciosa
(Barboni, Cannac, & Chiaramonti, 2010), spinach (Klockow &
Keener, 2009) and peanuts (Chen et al., 2014). Although contin-
uous 0.1 mL L�1 O3 did not fully inhibit fungal growth in Autumn
Seedless table grape after two months at 0 �C, it increased the total
flavan-3-ol content and kept the flavonol content and the total
amount of hydroxycinnamates, while shocks of 8 mL L�1 O3 kept the
total polyphenols (Art�es-Hern�andez, Aguayo, Art�es, & Tom�as-
Barber�an, 2007). In the same way shocks of 8 mL L�1 of O3 greatly
increased the resveratrol and the pieced content in Napoleon table
grape after six weeks at 0 �C (Art�es-Hern�andez, Art�es, & Tom�as-
Barber�an, 2003). According to Pascual, Llorca, and Canut (2007),
bacteria are more sensitive than yeasts and fungi, Gram-positive
bacteria are more sensitive to O3 than Gram-negative organisms
and spores are more resistant than vegetative cells. Joshi,
Alagusundaram, Norton, and Tiwari (2013) reported that O3
induced changes in surface color of some treated products, and
their antimicrobial effect during storagewas variable depending on
the type of microorganism, characteristics of fresh produce and
prevailing storage conditions.

Electrolyzed water (EW), both acidic and neutral types, have
been proposed as new sanitizers for the food industry (Art�es et al.,
2009; Mahmoud, 2007; Rico et al., 2008). EW is obtained by adding
a small amount of NaCl to tap water in a container using a sepa-
rating polyester membrane and conducting an electrical current
across an anode and a cathode. The cathode area produces alkaline
reducing water while the anode area produces acidic oxidizing
water (Lee, Park, Jeong, Kim,& Chinnan, 2007). EW involves on-site
production of the disinfectant, whichmeans there are no chemicals
to store or handling costs for dealing with them (Art�es et al., 2009).
EW is not corrosive to skin, mucous membranes, or organic mate-
rial, while having a high oxidation reduction potential (ORP) with
strong effect against microorganism (Rico et al., 2008). Aerobic
bacteria grow mostly at an ORP range of þ200 to þ800 mV, while
anaerobic bacteria grow well at �700 toþ200 mV. The high ORP in
the EW could alter the metabolic fluxes and ATP production,
probably due to the change in the electron flow in cells. AEW has a
surface-active effect due to the presence of dilute NaOH, dissolved
H2, and active H2 (Al-Haq, Sugiyama, & Isobe, 2005). Neutral EW
(NEW) is not corrosive of processing equipment due to its neutral
pH and did not affect tissue pH, surface color or visual appearance,
although the effects of EWon by-product formation should bemore
studied (Tom�as-Callejas, Martínez-Hern�andez, Art�es, & Art�es-
Hern�andez, 2011). Indeed, this treatment has been considered as
a good alternative to NaClO for sanitizing plant products being
hypothesized that the hereby studied sanitizing treatments, com-
bined in the frame of the hurdle technology, could have a
synergistic effect on microbial reduction (Martínez-Hern�andez,
Art�es-Hern�andez, G�omez, & Art�es, 2013).

The main advantage of EW is its safety. In contrast with the
problems with the use of NaClO, such as skin and membrane irri-
tation and toxicity, neutral and alkaline electrolyzed water (NEW
and AEW) are not corrosive to skin, mucous membranes, or organic
material. When EW comes in contact with organic matter or is
diluted by tap water or reverse osmosis water, it becomes ordinary
water again. Thus, it is more eco-friendly than NaClO and is not
potentially harmful for human health (Huang, Hung, Hsu, Huang,&
Hwang, 2008). When NEW is used, free chlorine is formed as a by
product. However, since it is free chlorine, it easily volatilizes
avoiding most of the harmful effects of hypochlorite. The efficacy of
NEW and AEW to reduce natural microflora as well as the main
foodborne pathogens associatedwith a few fresh cut plant products
has been reported. The use of AEW resulted in moderate control of
bacterial growth on fresh-cut cilantro (Wang, Feng, & Luo, 2004).
Reductions of viable aerobes by 2 log CFU g�1 were reached in
lettuce washed with AEW (pH 2.6; ORP 1140 mV; 30 mg L�1 of free
chlorine) for 10min (Koseki, Yoshida, Isobe,& Itoh, 2001). However,
the information on the effects of NEW and AEW on the quality at-
tributes of dates is very scarce (Jemni et al., 2014), since they are
currently considered as emerging sanitizers for the food industry.

The aim of this work was to evaluate the effect of different UV-C
doses alone and in a selected combination with ozonated or NEW
and AEW on physicochemical parameters, sugars and phenolics
content, antioxidant activity and sensory and microbial quality of
palm dates handled under usual commercial conditions.

2. Materials and methods

2.1. Plant material

Date fruits of Deglet Nour cv., the most important produced in
Tunisia, were hand harvested by professional pickers at the end of
October at full maturity (‘Tamar’ stage) from a commercial farm
located in an Oasis of the Governorate of Kebili (South of Tunisia).
Date bunches were detached from the head of the tree palm and
placed on the ground to avoid crushing and the abscission of
dates. The bunch was then cut into spikelets and carefully
selected. Sound spikelets were placed in polystyrene boxes which
were transported for a total duration of 7 days at an average
temperature of 20 �C ± 2.7 �C by car roughly 500 km to Tunis, then
by plane to Madrid (Spain), and finally by car about 400 km to the
Technical University of Cartagena. After arriving to the Pilot Plant
they were manually detached from the spikelets, sorted looking
for fruit visual quality and uniformity and those damaged were
discarded.

2.2. UV-C treatment, electrolyzed and ozonated water production

The UV-C equipment consisted of two batches of 15 reflectors
with unfiltered germicidal emitting lamps (TUV 36W/G36 T8,
Philips, Holland) fixed to a chamber frame. The equipment has been
fully described by Art�es-Hern�andez et al. (2010). Light intensity at a
wavelength of 254 nmwas kept constant. The applied doses varied
by modifying the exposure time.

The O3 was generated by an industrial device (Ambicon S.L.,
Murcia, Spain) producing at a rate of 0.4 mg L�1. The O3 concen-
tration was monitored by an O3 sensor (EcoSensor, Inc., A-21ZX
model, USA). The O3 flow was mixed with tap water following
Silveira, Aguayo, and Art�es (2010) and the obtained ozonated water
with 390 mv of ORP and at a concentration of 0.55 ± 0.5 mg/L O3
was used for washing the dates for 2 min at about 15 �C followed
with 1 min rinsing in tap water at about 15 �C.
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The EWwas produced by an Envirolyte EL 400 device (Aquarioja
S.L., Madrid, Spain) (Tom�as-Callejas et al., 2011). The characteristics
of alkaline electrolyzed water (AEW) were pH 11.28 and
ORP ¼ �880 mV, free chlorine ¼ 1.83 mg L�1 while for neutral
electrolyzed water (NEW) were pH ¼ 6.99 and ORP ¼ 870 mV, free
chlorine ¼ 100 mg L�1. Free chlorine and pH were determined by
using a photometer (HI 94771, Hanna Instruments, Eibar, Spain)
and a pH-meter (Basic 20, Crison, Barcelona, Spain) respectively, for
all solutions. Dates were dipped while stirring for 2 min in NEW
and AEW at about 15 �C followed by 1 min of stirred dipping in tap
water at about 15 �C.

2.3. Sample preparation, treatments and storage conditions

After selection in a disinfected area at room temperature (about
20 �C) date fruits were submitted to different UV-C, NEW, AEWand
O3 sanitizing treatments. The following treatments were applied:
0 (control), 2.37, 6.22, 8.29 and 12.14 kJ m�2 UV-C; NEW-
þ 6.22 kJ m�2; AEWþ 6.22 kJ m�2; O3þ 6.22 kJ m�2. The UV-C dose
to be combined with NEW, AEW and O3 was selected according to
results reached in the preliminary experiments.

Following each treatment, 200 g of dates were placed in poly-
propylene (PP) baskets of 750 mL capacity which were thermally
sealed at the top with a bi-oriented polypropylene film of 30 mm
thickness (Pl�asticos del Segura S.L., Murcia, Spain). The film was
perforated with several holes in order to provide an air atmosphere
within packages. Three replicates for each treatment were prepared
and stored for 30 days in a temperature and relative humidity (RH)
controlled room (20 �C, 75% RH). That temperature was selected as
the commonly used by the commercializing.

2.4. Microbial counts and detection of pyrale infestation

To determinemicrobial growth, three randomized samples from
each treatment were taken at the beginning and at the end of
storage. The colonies of mold, yeast, total mesophilic and totals
coliforms were determined according to NF V 08-059 (1995), NF V
08-05 (1999) and NF V 08-015 (1991) respectively. All microbial
counts were reported as log10 colony forming units per g of sample
(log CFU g�1).

At handling day dates were carefully examined and no infesta-
tion by the natural pyrale was observed.

2.5. Physicochemical parameters

Physical and chemical quality of dates were evaluated by
analyzing weight loss (g kg�1 fw), firmness (N), pH, titratable
acidity (TA), expressed as g of citric acid on kg�1 fresh weight,
Table 1
Yeast and mould, total mesophilic and total coliforms counts (mean log CFU g�1) of date fr
exposed to several sanitizing treatments (n ¼ 3).

Treatment Yeast and moulda Total me

Handling day After 30 d at 20 �C Handling

0 kJ m�2 5.38 6.55 3.35
2.37 kJ m�2 5.33 6.40 2.75
6.22 kJ m�2 4.89 6.40 2.70
8.29 kJ m�2 4.75 6.68 2.55
12.14 kJ m�2 5.24 6.43 2.73
NEW þ 6.22 kJ m�2 4.05 6.67 2.30
AEW þ 6.22 kJ m�2 4.20 6.32 2.48
O3 þ 6.22 kJ m�2 3.75 6.09 2.42

a SE (pooled standard deviation) ¼ 0.07, LSD (P � 0.05) ¼ 0.14.
b SE ¼ 0.09, LSD (P � 0.05) ¼ 0.18.
c SE ¼ 0.12, LSD (P � 0.05) ¼ 0.24.
moisture (g kg�1 fw), water activity (aw), individual and total
sugars content (g kg�1 fw), total phenolics content, expressed as g
of gallic acid equivalent on kg�1 fw (g GAE kg�1 fw), total antioxi-
dant activity, expressed as g of ascorbic acid equivalent on kg�1 fw
(g AAE kg�1 fw) and color, based on CIELab* scale.

Measurement of mentioned quality parameters was accom-
plished as previously described by Jemni et al. (2014). Analyses
were performed on the handling day and after 30 days of storage at
20 �C and 75% RH.

2.6. Sensory evaluation

Visual appearance, color, texture, odor, flavor and overall quality
were evaluated based on a five-point hedonic scale (1: extremely
poor, 2: poor, 3: acceptable and limit of usability, 4: good and 5:
excellent). These sensory attributes were evaluated on the pro-
cessing day and after 30 days at 20 �C by a trained panel (6 mem-
bers ranging between 25 and 65 years) over a representative
sample coming from each treatment.

2.7. Statistical analysis

All parameters were determined on three samples. For the case
of microbial growth, color, sugars and phenols, each sample was in
turn analyzed by triplicate. Average of these samples de-
terminations is presented. Statistical analysis was performed with
Info Stat (version 1). Analysis of variance (ANOVA) and LSD test
were applied in order to evaluate the influence of treatment and
time of storage on bacteriological, physical, chemical and sensorial
analysis of dates. A least significant difference (LSD) multiple range
test at 5% probability level was used to determine significant dif-
ferences between means.

3. Results and discussion

3.1. Bacteriological parameters and detection of pyrale infestation

The initial microbial load is presented in Table 1. As expected,
microbial counts increasedwith storage time. All sanitizers reduced
microbial growth which in turns decreased with the increased UV-
C dose applied before storage. Since 6.22 kJ m�2 gave the best re-
sults and appeared as the optimum dose for disinfection of dates,
combinations of this dose with NEW, AEW and O3 were tested. All
these combinations reduced the microorganisms load compared to
6.22 kJ m�2 UV-C alone, so showing between them a synergistic
effect.

The combined O3 þ 6.22 kJ m�2 UV-C treatment was the most
effective against molds and yeasts, with a reduction of 1.63 log CFU
uits (cv. Deglet Nour) at harvest (handling day) and after 30 days at 20 �C, previously

sophilicb Total coliformsc

day After 30 d at 20 �C Handling day After 30 d at 20 �C

4.89 4.11 4.29
4.48 3.62 3.54
4.41 3.50 3.51
4.79 3.72 3.54
4.47 3.53 3.54
4.13 3.63 3.12
4.19 3.45 3.18
4.09 3.29 3.18



Table 3
Firmness (N) of date fruits (cv. Deglet Nour) at harvest (handling day) and after 30
days at 20 �C, previously exposed to several sanitizing treatments (n ¼ 3).

Handling day After 30 d at 20 �C

0 kJ m�2 1.72 1.39
2.37 kJ m�2 1.61 1.53
6.22 kJ m�2 1.79 1.65
8.29 kJ m�2 1.63 1.52
12.14 kJ m�2 1.70 1.68
NEW þ 6.22 kJ m�2 2.55 2.38
AEW þ 6.22 kJ m�2 2.91 2.10
O3 þ 6.22 kJ m�2 2.82 1.89

SE ¼ 0.39, LSD (P � 0.05) ¼ 0.61.

Table 4
pH and titratable acidity of date fruits (cv. Deglet Nour) at harvest (handling day) and

�
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g�1 after storage. The mesophilic and coliforms totals counts
reached the lowest values with the O3 þ 6.22 kJ m�2 UV-C,
NEW þ 6.22 kJ m�2 UV-C and AEW þ 6.22 kJ m�2 UV-C showing
a reduction of about 1.05 log CFU g�1 and 0.82 log CFU g�1

respectively. The lowmicrobial counts found after UV-C treatments
could be attributed to direct microorganism elimination by causing
DNA denaturation (Manzocco et al. 2011).

The current results agreewith those from the literature for other
plant produces. It has been found that 4.54 kJ m�2 UV-C substan-
tially reduced microbial growth in Tatsoi baby leaves (Tom�as-
Callejas, Ot�on, Art�es, & Art�es-Hern�andez, 2012). Martínez-
Hern�andez et al. (2011) reported that after UV-C treatment, broc-
coli initial microbial counts were lowered and this effect was more
noticeable for mesophilic and yeast andmolds counts. According to
Manzocco et al. (2011), treatment with UV-C light greatly affected
total viable counts in fresh-cut melon but this effect decreased with
storage period.

Regarding the moth of date, any natural pyrale infestation was
observed at both, processing day and after 30 days of storage. This
was very probably due to good cultivation conditions of palm trees
and to careful fruit selection.

3.2. Physicochemical parameters

3.2.1. Weight loss and firmness
Weight loss after storage period depended on sanitizers' treat-

ment. The losses ranged from 0.75 ± 1.35 to 6.2 ± 1.35 g kg�1 fw
(Table 2). The highest weight loss was found in the O3þ 6.22 kJ m�2

treated samples. These results agree with those of Manzocco et al.
(2011) who reported that the exposure of fresh-cut melon for 2 min
to 20W m�2 UV-C caused a dehydration of a thin surface layer of
melon cubes. They explained that by the fact that during light
exposure water migrates from the inner parts of the sample to the
dried surface, leading to moisture losses which caused a higher
overall weight loss than in control (untreated sample). In addition,
within the storage time, the high temperature and themoderate RH
of conservation affect considerably the weight loss.

Firmness of date fruits was affected by both, kind of sanitizing
treatment and storage time. In fact, dates treated with UV-C light
combined with electrolyzed or ozonated water showed the highest
firmness (Table 3). Values decreased at the end of storage from
values ranging 1.61 ± 0.39 to 2.91 ± 0.39 N to values between
1.52 ± 0.39 and 2.39 ± 0.39 N. Compared to control UV-C light alone
did not change firmness, keeping the initial value after storage
period. This result agrees with those reported in tomatoes by
Obande, Tucker, and Shama (2011).

3.2.2. Titratable acidity and pH
The pH decreased and the TA increased slightly with UV-C

treatments (Table 4). The pH changes were relatively small (be-
tween 5.76 ± 0.08e5.98 ± 0.08 and 5.23 ± 0.08e5.59 ± 0.08).
Table 2
Weight loss of date fruits (cv. Deglet Nour) after 30 days at 20 �C previ-
ously exposed to several sanitizing treatments (n ¼ 3).

Treatments Weight loss (g kg�1)

0 kJ m�2 2.30
2.37 kJ m�2 3.60
6.22 kJ m�2 1.04
8.29 kJ m�2 4.74
12.14 kJ m�2 2.25
NEW þ 6.22 kJ m�2 0.75
AEW þ 6.22 kJ m�2 1.74
O3 þ 6.22 kJ m�2 6.15

SE ¼ 1.35, LSD (P � 0.05) ¼ 2.32.
Meanwhile, the samples treated by 6.22 kJ m�2 and EW treatment
showed the highest TA values after storage (2.5 ± 0.16 g citric acid
kg�1 fw for NEW and 2.25 ± 0.16 g citric acid kg�1 fw for AEW).

Our results confirm those reported by Khali, Selselet-Attou, and
Guetarni (2007) who found that the pH of fresh Deglet Nour cv. was
about 6.43 which fall within the pH range of high quality. Storage at
room temperature results in a significant acidification (decrease in
pH and increase of acidity), which promotes the production of
organic acids (lactic acid) mainly resulting from fermentative ac-
tivity of yeasts and acidobacteria.

According to Pan, Vicente, Martinez, Chaves, and Civello (2004),
strawberry fruit treated by 4.1 kJ m�2 UV-C showed the highest pH
value compared to control. In addition, the TA of strawberry
increased throughout storage at 20 �C in all samples, and no dif-
ferences between control and treated fruits were detected.

3.2.3. Moisture and water activity
The moisture of dates was affected by the sanitizing treatment

(Table 5). As expected the moisture content decreased during
storage. Moisture ranged between 174 ± 21e201 ± 21 g kg�1 fw at
the processing day and 130 ± 21e172 ± 21 g kg�1 fw at the end of
storage. The same observation has beenmade for thewater activity.
It decreased from values ranging between 0.62 ± 0.02e0.66 ± 0.02
to values ranging between 0.58± 0.02e0.60± 0.02. This decrease of
both moisture and aw could be explained by the evaporation of
water of fruit caused by the treatment by UVC, the relatively high
temperature and moderate RH. Similar results have been recently
reported for Deglet Nour cv. by Jemni et al. (2014).

3.2.4. Sugar content
The sugar concentration of dates was not affected immediately

after treatment (Table 6). The sugar content at the processing day
was between 682 ± 91 g kg�1 fw and 771 ± 91 g kg�1 fw being
after 30 days at 20 C, previously exposed to several sanitizing treatments (n ¼ 3).

pHa Titratable acidity
(g citric acid kg�1 fw)b

Handling
day

After 30 d
at 20 �C

Handling
day

After 30 d
at 20 �C

0 kJ m�2 5.92 5.27 1.65 1.86
2.37 kJ m�2 5.76 5.59 1.76 1.73
6.22 kJ m�2 5.76 5.48 1.72 1.72
8.29 kJ m�2 5.78 5.59 1.65 1.88
12.14 kJ m�2 5.81 5.50 1.74 1.77
NEW þ 6.22 kJ m�2 5.90 5.27 2.06 2.50
AEW þ 6.22 kJ m�2 5.95 5.23 1.92 2.25
O3 þ 6.22 kJ m�2 5.98 5.32 1.62 1.60

a SE ¼ 0.04, LSD (P � 0.05) ¼ 0.08.
b SE ¼ 0.09, LSD (P � 0.05) ¼ 0.16.



Table 7
Total phenolics content (A) and antioxidant activity (B) of date fruits (cv. Deglet
Nour) at harvest (handling day) and after 30 days at 20 �C, previously exposed to
several sanitizing treatments (n ¼ 3).

Total phenolics content
(g GAE kg �1)a

Antioxidant activity
(g AAE kg �1)b

Handling
day

After 30 d
at 20 �C

Handling
day

After 30 d
at 20 �C

0 kJ m�2 3.74 4.89 0.24 0.38
2.37 kJ m�2 3.76 4.01 0.33 0.38
6.22 kJ m�2 3.65 4.04 0.32 0.40
8.29 kJ m�2 3.61 3.86 0.30 0.35
12.14 kJ m�2 3.68 3.82 0.31 0.33
NEW þ 6.22 kJ m�2 3.72 4.20 0.32 0.35
AEW þ 6.22 kJ m�2 3.56 4.83 0.23 0.33
O3 þ 6.22 kJ m�2 3.69 4.51 0.25 0.30

a SE ¼ 0.17, LSD (P � 0.05) ¼ 0.17.
b SE ¼ 0.03, LSD (P � 0.05) ¼ 0.05.

Table 5
Moisture and water activity of date fruits (cv. Deglet Nour) at harvest (handling day)
and after 30 days at 20 �C, previously exposed to several sanitizing treatments
(n ¼ 3).

Moisture (g kg�1)a Water activityb

Handling
day

After 30 d
at 20 �C

Handling
day

After 30 d
at 20 �C

0 kJ m�2 201 165 0.63 0.58
2.37 kJ m�2 175 172 0.62 0.60
6.22 kJ m�2 183 164 0.62 0.59
8.29 kJ m�2 181 171 0.64 0.59
12.14 kJ m�2 189 168 0.65 0.59
NEW þ 6.22 kJ m�2 193 130 0.63 0.60
AEW þ 6.22 kJ m�2 174 145 0.65 0.58
O3 þ 6.22 kJ m�2 196 156 0.66 0.60

a SE ¼ 12.58, LSD (P � 0.05) ¼ 20.61.
b SE ¼ 0.01, LSD (P � 0.05) ¼ 0.02.
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sucrose the most relevant component
(415 ± 32 g kg�1 fw � 500 ± 32 g kg�1 fw). Sucrose concentration
decreased during storage and, consequently, the levels of glucose
and fructose increased. This phenomenon can be explained by the
action of the invertase enzyme produced by yeast which converts
sucrose to glucose and fructose. In addition, the decrease of total
sugar can be explained also by the proliferation of
microorganisms.

Kchaou, Abb�es, Blecker, Attia, and Besbes (2013) showed that
sugar was the predominant compound for all date cvs. ranging from
835 to 867 g kg�1 dry matter. In addition, the sugar fraction was
essentially constituted by sucrose, fructose and glucose. Sucrose is
the dominant sugar in Deglet Nour cv. (566 g kg�1). In agreement to
those authors, in the current experiments Deglet Nour cv. was
characterized by a high total sugar of about 714 ± 91 g kg�1 fw and a
reducing sugar content of about 291 ± 24 g kg�1 fw.

According to Pan et al. (2004), the total sugar content of
strawberry fruit decreased slightly immediately after a treatment of
4.1 kJ m�2 UV-C and a decrease of total sugar was found during the
storage.
3.2.5. Phenolics compounds content and antioxidant activity
Immediately after treatment, there were not differences in

phenolics concentration between treated and control dates. The
mean concentration was about 3.7 ± 0.17 g GAE kg�1 fresh weight
(Table 7). This value increased slightly during storage, especially for
control and samples treated with combined UV-C and O3 or EW.
These results allowed concluding that the UV-C light stabilized the
phenolics concentration during storage of dates at 20 �C.
Table 6
Sugars content (g kg�1 fw) of date fruits (cv. Deglet Nour) at harvest (handling day) and

Sucrosea (g kg�1 fw) Glucoseb (g kg�1 fw)

Handling
day

After 30 d
at 20 �C

Handling
day

After
at 20

0 kJ m�2 423 397 163 189
2.37 kJ m�2 415 310 162 199
6.22 kJ m�2 469 338 173 191
8.29 kJ m�2 461 369 162 196
12.14 kJ m�2 464 314 154 190
NEW þ 6.22 kJ m�2 483 436 107 145
AEW þ 6.22 kJ m�2 489 419 141 151
O3 þ 6.22 kJ m�2 500 417 132 165

a SE ¼ 11.6, LSD (P � 0.05) ¼ 79.4.
b SE ¼ 11.70 LSD (P � 0.05) ¼ 31.9.
c SE ¼ 7.9, LSD (P � 0.05) ¼ 16.1.
d SE ¼ 11.8, LSD (P � 0.05) ¼ 91.1.
The UV-C light increases considerably the total antioxidant ac-
tivity just after treatment. However, after storage period, the con-
trol sample showed a high variation of antioxidant activity
(0.23 ± 0.05 to 0.38 ± 0.05 g AEAC kg�1 fw) (Table 7). From the
obtained results it was found that the UV-C light stabilized the total
antioxidant activity of Deglet Nour cv. during storage at 20 �C.

Tom�as-Callejas et al. (2012) reported that the total phenolics
content and the total antioxidant activity of Tatsoi baby leaves
treated by 4.54 kJ m�2 UV-C significantly increased throughout 4
days at 5 �C. Art�es-Hern�andez et al. (2010) found an increase of
antioxidant activity of watermelon with the storage period, inde-
pendently of the UV-C treatment. These results have been
confirmed on fresh-cut broccoli by Martínez-Hern�andez et al.
(2011).

3.2.6. Color
L* values were affected by the kind of treatment and the storage

period while Chrome and Hue were affected only by the storage
period. Immediately after treatment, L* and Chrome values
decreased in UV-C alone treated samples and increased in samples
treated by combined UV-C and O3 or EW. Hue values decreased
with 2.37 and 6.22 kJ m�2 UV-C remaining stable for the other
treatments (Table 8).

Results found here agree with those of Tom�as-Callejas et al.
(2012) who reported that the treatment of Tatsoi baby leaves by
4.54 kJ m�2 UV-C light kept L* values during shelf life. However
Alexandre, Brand~ao, and Silva (2013) showed that 12.36Wm�2 UV-
C for 2 min induced a negative impact on red bell pepper color
changes.
after 30 days at 20 �C, previously exposed to several sanitizing treatments (n ¼ 3).

Fructosec (g kg�1 fw) Total sugarsd (g kg�1 fw)

30 d
�C

Handling
day

After 30 d
at 20 �C

Handling
day

After 30 d
at 20 �C

128 145 714 731
126 137 703 646
129 132 771 661
112 139 735 704
119 137 737 641
92 117 682 698

108 130 738 700
100 126 732 708



Table 8
Color parameters of date fruits (cv. Deglet Nour) at harvest (handling day) and after 30 days at 20 �C, previously exposed to several sanitizing treatment (n ¼ 3).

L*a Chromab �Huec

Handling day After 30 d at 20 �C Handling day After 30 d at 20 �C Handling day After 30 d at 20 �C

0 kJ m�2 31 31 13 16 59 55
2.37 kJ m�2 28 29 8.5 11 49 55
6.22 kJ m�2 27 28 7.6 8.4 49 50
8.29 kJ m�2 29 28 10 8.4 57 55
12.14 kJ m�2 29 28 9.3 11 55 55
NEW þ 6.22 kJ m�2 35 32 18 18 58 57
AEW þ 6.22 kJ m�2 33 32 18 17 59 53
O3 þ 6.22 kJ m�2 34 31 16 16 65 58

a SE ¼ 2.4, LSD (P � 0.05) ¼ 2.2.
b SE ¼ 3.1, LSD (P � 0.05) ¼ 2.8.
c SE ¼ 4.8, LSD (P � 0.05) ¼ 4.8.
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3.3. Sensory analysis

After 30 days at 20 �C, the color was the sensory parameter
affected the most, mainly due to the development of browning.
However, dates from UV-C combined with O3 or AEW kept a better
color, especially when compared to the untreated samples. Addi-
tionally, a decrease for firmness, flavor, odors, visual appearance
and overall quality scores was observed (data not shown) without
significant differences between treatments. These results agree
with those of Manzocco et al. (2011) who found that there was no
difference in firmness for melon cubes exposed to 20 W m�2 UV-C
and control, with a firmness decrease found at the end of the
storage period. In the same way Tom�as-Callejas et al. (2012) re-
ported an important decrease of the overall sensory quality of baby
leaves after 11 days at 5 �C.
4. Conclusions

As main conclusion, the UV-C light with an optimal dose of
6.22 kJ m�2 can be considered as an efficient and sustainable san-
itizer for Deglet Nour dates. In addition, the selected combination of
UV-C light and electrolyzed (mostly AE due to its lower chlorine
concentration when compared to NE, even when it is free chlorine
and easily volatilizes) or ozonated water reduced considerably the
microbial proliferationwhile these combined emergent treatments
could be recommended for commercial disinfection of fresh har-
vested dates while keeping their overall quality and prolonging
shelf-life.
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