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ABSTRACT

The aim of this study was to determine the influence of dipping in tap and hot water (53 or 55 °C)
before storage and conditions during short-term storage: 4 days at 18-20 °C temperature or 7 days at O or
5 °C, on contents of total polyphenols, ascorbic acid, antiradical activity, and sensory quality of leaves of
wild rocket (Diplotaxis tenuifolia L.). The highest sensory values, ascorbic acid contents, and antiradical
activity were found in fresh leaves. Treatments with tap and hot water before storage reduced ascorbic acid
contents and antiradical activity, as well as most sensory parameters regardless of storage conditions. The
highest overall quality of wild rocket after storage for 4 days at 18—-20 °C was found for leaves not dipped
or dipped in tap water. Dipping of the wild rocket in the water at 53 or 55 °C for 3 or 5 s did not improve
the overall quality of stored leaves compared with leaves not dipped or dipped in tap water.
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INTRODUCTION

The requirements for fresh-cut horticulture
products arise from consumers’ desire to gain ac-
cess to healthy and “ready to eat” food (Kaur & Ka-
poor 2001). After minimal processing, the quality
characteristics of fruits and vegetables are not sig-
nificantly changed and that is why they are similar
to fresh produce. One of the important problems
limiting the sale of minimally processed vegetables
is their poor storability. The minimally processed
vegetables are characterized by wilting and yellow-
ing, due to chlorophyll degradation during their
postharvest storage.

To prolong the storage ability of horticulture
products, the treatment with hot water at a temper-
ature around 60 °C is often applied. Some investi-
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gations suggest that hot water treatment decreases
respiration rate and ethylene production, inhibits
ripening, and lowers contamination by pathogens
(Lurie 1998; Fallik et al. 1999; Ferguson et al. 2000;
Fallik & Ilic 2019). According to Lurie (1998) and
Saltveit (1998), at high temperatures the formation
of new proteins — heat shock proteins — takes place.
This may contribute to the increase of resistance
to stresses during storage, including biotic and
abiotic diseases (Vlachonasios et al. 2001). Hot
water treatment can cause internal damage includ-
ing yellowing, flesh softening, and development
of internal cavities. Szwejda-Grzybowska et al.
(2016) and Glowacz et al. (2018) have found that
the treatment of pepper fruit with hot water be-
fore short-time storage has affected the content
of bioactive compounds and antioxidant properties.
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The treatment of pepper fruit with water at 55 °C for
12 s was favorable and caused lower losses of bio-
active compounds and increase of antiradical activ-
ity than treatment with water at 45 °C for 10 min.
Barbagallo et al. (2012) reported a reduction of
ascorbic acid content and an increase of polyphenol
contents during the storage of fresh-cut yellow and
red sweet pepper fruit for 14 days at 4 °C.

The leaves of wild rocket (Diplotaxis tenuifo-
lia L.) are often used for the preparation of mixed
vegetable salads (Martinez-Sanchez et al. 2012).
This vegetable contains several compounds having
very important properties for human health, includ-
ing vitamin C, carotenoids, fibers, polyphenols, and
glucosinolates (Martinez-Sanchez et al. 2006a; Bell
& Wagstaff 2014). Rocket leaves are usually packed
in trays wrapped with polypropylene film or in bags
containing a modified atmosphere. Avoiding of dis-
infection or sterilization processes for rocket leaves
may result in increasing the quality of product and
higher shelf life (Martinez-Sanchez et al. 2012). The
keeping conditions may also affect the overall qual-
ity of rocket leaves (Koukounaras et al. 2009). Usu-
ally, the temperature of 0 °C is suggested for storage
of this vegetable (Cantwell & Kasmire 2002; Sio-
mos & Koukounaras 2007); however, it is often kept
at 10 °C during transport and sale. The leaves of the
rocket, similarly to other fresh vegetables, cannot be
stored for a longer time due to yellowing of the
leaves within 4-8 days, even at a temperature of
5 °C (Ferrante et al. 2004).

When shopping, consumers usually assess the
quality of the product visually (Barrett et al. 2010).
Péneau et al. (2009) sum up that vegetable freshness
is judged by color, crispness, and the age of the
product. The fresh rocket leaves should have uni-
form dark green color and crunchiness (Lokke et al.
2012; Martinez-Sanchez et al. 2006a). Sensory de-
scriptive analysis is the suggested method to control
the freshness of horticulture products (Lekke et al.
2012). Rocket leaves are characterized by a pungent
flavor, which is due to the presence of glucosin-
olates and isothiocyanates (Bennett et al. 2006).

There are many reports describing the effects
of different chemical sanitizers on the microbial
growth of rocket salad (Cantwell & Kasmire 2002;
Rodgers et al. 2004; Martinez-Sanchez et al. 2006b)

or the effects of temperature regime or modified at-
mosphere packaging (MAP) technologies (Leokke et
al. 2012, Spadafora et al. 2016). However, little in-
formation is available on the influence of posthar-
vest hot water treatment of rocket leaves on their
sensory quality. Lekke et al. (2012) found that the
concentrations of oxygen and carbon dioxide com-
bined with temperature and storage time had a high
impact on the overall freshness of wild rocket. Mar-
tinez-Sanchez et al. (2006b) reported a positive ef-
fect of washing wild rocket using tap water, chlo-
rine, ozonated water, lactic acid, acidified sodium
chlorite, and peroxyacetic acid.

In the present study, the effect of tap or hot wa-
ter treatment before short-term storage at cold or
ambient temperature on nutritive quality and sen-
sory parameters of the wild rocket leaves was inves-
tigated.

MATERIALS AND METHODS

The study object was leaves of wild rocket (D.
tenuifolia L.). The plant material was obtained di-
rectly from a grower’s farm. Directly after harvest,
the injured leaves were removed or trimmed. Two
factors were evaluated: prior treatment of leaves
with water and storage conditions. The following
treatments were studied: (1) fresh material not
stored (control); (2) not dipped in tap water; (3)
dipped in tap water; (4) dipped in hot water (53 °C)
for 5s; and (5) dipped in hot water (55 °C) for 3 s.
After treatments, the leaves were dried in a stream
of air using two Severin VL 8620 fans and were
packed into polystyrene foam trays and placed into
boxes lined with polyethylene film. Objects were
stored at 0 or 5 °C for 7 days or at 18-20 °C for 4
days. The fresh and stored leaves were evaluated for
contents of chosen chemical compounds and for
sensory quality.

Instrumental analysis

The following chemical analyses were carried out.
Dry matter was determined by the gravimetric
method and drying up to 102 °C. The content of total
polyphenols was determined by the spectrophotomet-
ric Folin—Ciocalteu method, using a spectrophotome-
ter UviLine 9400 at wavelength 750 nm (Van der
Sluis et al. 2002) and using catechin as a standard.
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The content of L-ascorbic acid was determined with
the 2,6-dichlorophenolindophenol titrimetric method
(PN-A-04019:1998). Antiradical capacity was deter-
mined by the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
method (Brand-Williams et al. 1995; Sanchez-
Moreno et al. 2002). The results are expressed as the
mean of three analytical replicates (n = 3).

The experiment was set up in four replications
of 200 g of fresh leaves each. Statistical analysis was
performed with STATISTICA v. 10 (StatSoft 2011)
as a one-way analysis of variance separately for each
temperature. The significant differences between
means were determined at p = 0.05 by Tukey’s test.
Sensory evaluation
Sensory evaluation of the treated and non-treated
leaves of the wild rocket was performed in a labor-
atory by 10 experts, using the quantitative descrip-
tion analysis (QDA), according to ISO standards
(PN-ISO 8589:1998.). They evaluated smell, tex-
ture, and taste. The eight quality attributes and over-
all sensory quality were assessed (Table 1). The
evaluation for each descriptor was signed on non-
structural lines, with min—-max points (0 — low in-
tensity to 10 — high intensity of impression). Two
independent sessions were performed for each anal-
ysis. ANALSENS software was used to evaluate the
results. The significance of differences between
means was estimated using Tukey’s honestly signif-
icant difference (HSD) test (p = 0.05).

RESULTS AND DISCUSSION

The experiments showed that the hot water treat-
ment with both temperature variants (53 °C for 5 s
and 55 °C for 3 s) had a significant influence on the
content of L-ascorbic acid, total polyphenols, and
antiradical activity. In this study, a reduction in the
content of L-ascorbic acid was observed at each
storage temperature compared with the control. The
highest decrease in the content of L-ascorbic acid
was noted during storage at 18-20 °C for 4 days
than during storage at 0 and 5 °C for 7 days, com-
pared with the fresh material (control). The treat-
ment with hot water at a temperature of 55 °C for
3 s was less detrimental as it caused lower losses of
L-ascorbic acid than the treatment with a tempera-
ture of 53 °C for 5 s at each storage temperature.
Higher content of total polyphenols in leaves was
also observed in samples treated with water at 55 °C
for 3 s than in the leaves treated at 53 °C for 5 s as
compared with the control. Lower losses of total
polyphenols were noted at 18-20 °C for 4 days
compared with storage at 0 and 5 °C for 7 days. The
antiradical capacity of wild rocket leaves stored at
18-20 °C for 4 days was lower compared with
leaves stored at 0 or 5 °C, irrespective of parameters
of hot water treatment. Higher antiradical activity
was observed in leaves treated with water at 55 °C
for 3 s than those treated at 53 °C for 5 s; however,
these differences were not significant (Table 2).

Table 1. Definitions of sensory attributes used in the quantitative descriptive analysis

No. Attribute

Agreed definition

Anchoring points

Odor
1 rocket-odor  characteristic odor of fresh rocket undetectable — very intensive
2 off-odor unusual odor for rocket undetectable — very intensive
Mouthfeel
3 crispness intensity of sound heard while biting the samples with the front teeth no sound — very noisy
4 firmness degree of force needed to chew the flesh firm — soft
Taste
5 rockettaste  characteristic taste of fresh rocket undetectable — very intensive
6 Dbitter taste basic taste undetectable — very intensive
7 pungent taste impression of burning on tongue undetectable — very intensive
Flavor

8 off-flavor unusual flavor for rocket
9 overall quality general sensory quality impression

undetectable — very intensive
low — high quality




116

J. I. Szwejda-Grzybowska et al.

There are limited reports on the influence of
postharvest treatment on the bioactive substances
and antiradical activity of rocket leaves. Most of the
studies concern the ability of fresh-cut vegetables
for short-term storage. Michalczyk and Macura
(2008) reported the decrease of polyphenols, carot-
enoids, and ascorbic acid during storage of lamb’s
lettuce, arugula, and iceberg lettuce for 9 days at 0
and 6 °C. Koukounaras et al. (2009) found that the
treatment of rocket leaves with water of 50 °C for
4 and 20 s and then short-term storage retarded yel-
lowing. Extension of treatments to 30 s has in-
creased ethylene production and extended their
postharvest life at 8 °C from 5 to 10 days and did
not reduce the postharvest quality. Gomez et al.
(2008) observed that the treatment of spinach
leaves with water of 40 °C for 3.5 min had a posi-
tive effect. It was found that the content

of small heat shock proteins increased proportion-
ally to the temperature applied, with undetectable
levels in untreated leaves. The water treatment at
40 °C delayed leaf senescence as indicated by
higher chlorophyll content and potential quantum
yield of PSII (Fv/Fm) and decreased solute leakage
after storage for 7 days, compared with untreated
samples. Glowacz et al. (2013) reported that water
treatment at 45 °C for 60 s has only limited poten-
tial to improve the quality of spinach leaves after
and short-term storage in plastic bags at 4 °C. This
treatment did not increase the shelf life, did not
prolong the tissue quality, and did not change the
ascorbic acid and carotenoid contents. The treat-
ment of spinach leaves with water at 40 °C was
only effective when the leaves were subsequently
stored at 0 °C but not when storage was at 6 °C
(Glowacz et al. 2018).

Table 2. The effect of hot water treatment and storage condition on the qualitative indices of wild rocket leaves

Ascorbic acid

Total polyphenols Antiradical activity

Treatment (mg-100 g d.m.) (mg-100 g d.m.) (% DPPH)
After 4 days of storage at a temperature of 18-20 °C
Fresh material not stored (control) 1106 £1.54 a 1049+ 1.76 b 389+044a
Not dipped in tap water 1020 +£1.33 b 1099 + 3.88 a 30.6+0.37hb
Dipped in tap water 953+ 1.12¢ 1063+ 2.72b 228+0.24c
Dipped in water of 53 °C; 5 s 681+0.74 ¢ 891+1.34d 16.7+0.18d
Dipped in water of 55 °C; 3 s 821+1.14d 992+1.13¢c 15.6+0.33d
After 7 days of storage at a temperature of 0 °C
Fresh material not stored (control) 1106 =1.54 b 1049+1.76 b 38.9+0.44a
Not dipped in tap water 1148+ 1.17a 1082+ 2.26 a 36.3+0.37a
Dipped in tap water 996+ 1.10 ¢ 1035+1.63 b 299+0.25b
Dipped in water of 53 °C; 5 s 924 +0.92d 944 +1.78d 249+0.27¢c
Dipped in water of 55 °C; 3 s 1021+ 0.87 ¢ 1007+ 2.94c 30.8+0.36 b
After 7 days of storage at a temperature 5 °C

Fresh material not stored (control) 1106+ 154 a 1049+ 1.76 b 389+0.44a
Not dipped in tap water 983 +1.66 b 1122 + 256 a 315+0.25b
Dipped in tap water 914 +£0.75¢ 1119+ 2.16a 30.3+£0.27b
Dipped in water of 53 °C; 5 s 876 +1.34d 955+3.12¢ 27.6+0.33Db
Dipped in water of 55 °C; 3 s 975+0.83 b 1037+ 2.25b 29.6+0.27b

Means in the column for each storage temperature marked with the same letter are not different according to Tukey’s HSD test (p = 0.05)
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Table 3. The effect of hot water treatment and storage condition on sensory analysis of wild rocket leaves (intensity scale: 0-10)

Quality descriptors

Treatment rocket . . rocket  bitter pungent overall
off-odor crispness firmness off-flavor .

smell taste taste taste quality

After 4 days of storage at a temperature of 18-20 °C
Fresh material not stored (control) 5.0 a od 70a 7la 80a 40a 52a Oc 75a
Not dipped in tap water 4.2a 08c 6.9a 7.la 77a 32a 4.4b Oc 7.1a
Dipped in tap water 26b 22b 67a 65a 74a 35a 34b 0.1b 69a
Dipped in water of 53 °C; 5 s 2.7b 37a 6.7a 63a 54b 35a 22c¢ l6a 5.1b
Dipped in water of 55 °C; 3 s 31b 35a 63a 64a 6.4b 34a 25¢c 12a 52b
After 7 days of storage at a temperature of 0 °C

Fresh material not stored (control) 5.0 a od 70a 7.1a 80a 40b 52a 0 75a
Not dipped in tap water 4.2a 1l1bc 64a 63a 66b 71a 29c 0 73a
Dipped in tap water 3.7b 20a 70a 65a 65b 6.6ab 4.2b 0 6.5b

Dipped in water of 53 °C; 5 s 3.2b 17b 6.7a 6.2a 6.7b 75a 31c 0 6.9 ab
Dipped in water of 55 °C; 3 s 28bc 28a 6.7a 58D 6.1b 6.9a 35¢c 0 6.4Db

After 7 days of storage at a temperature of 5 °C

Fresh material not stored (control) 5.0 a Ob 70a 7.la 8.0a 40a 52a Oa 75a
Not dipped in tap water 29c 02b 6.5a 7.3a 70b 25b 33b Oa 70a
Dipped in tap water 3.7b 05b 6.6a 6.8a 6.9b 28b 29D Oa 7.2a
Dipped in water of 53 °C; 5 s 34b 24a 6.7a 7.0a 6.2b 35a 29b 0.02a 650D
Dipped in water of 55 °C; 3 s 35b 19a 6.3a 6.6a 65b 35a 34b Oa 6.2b

Note: see Table 2

Leokke et al. (2012) reported differences in
sensory quality between samples of wild rocket
leaves stored at atmosphere differing in concentra-
tions of oxygen and carbon dioxide and an interac-
tion of atmosphere with storage temperature (2, 10
and 20 °C). In our results, storage temperature in-
fluenced the sensory quality of wild rocket leaves
(Table 3). The fresh leaves of the wild rocket were
characterized by better overall quality compared
with material treated with hot water and stored.
Overall quality characteristic is based on notes for
all sensory quality attributes and summarizes the
quality impression of the evaluated sample. In this
study, the highest overall quality was found in
fresh leaves and those not dipped in water or
dipped in tap water regardless on storage condi-
tion. Fresh wild rocket leaves were characterized
by a higher intensity of smell typical for the rocket,
higher crispness and firmness, more intensive
taste, higher intensity of pungent and characteristic
bitter taste, compared with samples treated with
hot water and stored. The evaluation did not show

the off-odor and off-flavor presence in leaves of
the wild rocket after harvest (Table 3). After stor-
age, the typical smell and taste of the rocket leaves
decreased compared with the fresh material. Pun-
gent taste characteristic for the wild rocket, but not
desirable in a high amount, was rated on a low
level for all stored samples regardless of kind of
treatment. The bitter and pungent taste of rocket
leaves may result from glucosinolates and phenol-
ics accumulated in the leaves (Nielsen et al. 2008;
Bell et al. 2017). Leaves rich in these compounds
can be rated as having a stronger flavor. Crispness
and firmness were also affected by storage temper-
ature. Crispness and firmness were not affected by
water treatments with one exception when hot wa-
ter at 55 °C and storage for 7 days decreased firm-
ness. Off-odor described as rotten and spoiled was
produced under hot water treatment, especially af-
ter storage at room temperature. Control leaves
were characterized by higher texture, lowest inten-
sity of spoiled smell, and by the highest scores of
overall quality.
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CONCLUSIONS

1. The highest sensory values had fresh wild rocket
leaves. The antiradical activity was also the
highest in fresh leaves not dipped in tap water
and stored at 0 and 5 °C or room temperature.
After storage, the antiradical activity of rocket
leaves decreased. Total polyphenol contents in-
creased as a result of storage without any prior
treatment or dipped in tap water when leaves
were stored at room temperature and at 5 °C.

2. Treatments with tap or hot water before short-
term storage generally reduced ascorbic acid
content, antiradical activity, and most sensory
parameters, regardless of the storage conditions.

3. Dipping of the wild rocket leaves in the water at
53 or 55 °C for 3 or 5 s did not improve the over-
all quality of stored leaves compared with leaves
not dipped or dipped in tap water.

4. Dipping in the water before storage regardless of
storage temperature did not affect the firmness
and crispness of leaves but decreased the rocket
smell and taste and increased off-odor and off-fla-
vor, especially after storage at room temperature.
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