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ABSTRACT- Seaweeds are rich sources of bioactive natural products, which have been
considered as potential biotic agents. Ulva flexuosa Wulfen is a species of seaweed which
is endemic to the Persian Gulf. In this study, the effect of different concentrations of U.
flexuosa extract on the antioxidant activity of Washington Navel orange (Citrus sinensis
L. cv. Washington Navel) fruits (measured as free radical scavenging activity; FRSA) and
postharvest quality of the fruits were evaluated under cold storage (5£1°C) conditions and
85-90% relative humidity up to 60 days. Results indicated that prolonging the storage time
increased fruit weight loss, fruit decay and total soluble solids (TSS) contents of the fruits,
while prolonging the storage time reduced the percentage of juice and ascorbic acid
contents of the fruits. Postharvest quality and antioxidant activity of Washington Navel
orange fruit improved significantly when they were immersed in seaweed extracts. The
most effective treatment was 3.76 g L concentration of Ulva flexuosa extract, which
maximized the improvement of antioxidant capacity, ascorbic acid content and TSS during
days of storage (DS). The results of this study indicated that the seaweed extract could be
used as a new bioactive agent for maintaining the postharvest quality of orange fruit

through enhancing the antioxidant activity.

INTRODUCTION

The postharvest loss of fruits occurs due to pests and
diseases and increased through processes such as
storage, transit and marketing. Citrus fruits suffer from
relatively higher losses during harvesting and handling
chain, due to unideal postharvest handling such as
inappropriate storage conditions, coating materials and
mechanical ~damages. Furthermore, pathological
infections play a major role in increasing crop loss
following harvest. Fruit quality and shelf life can be
extended via ameliorating environmental conditions
(Nunes, 2008), and minimizing mechanical damages
(Cantwell and Suslow, 2002), irradiation (Fan et al.,
2008), cold storage (Wiley, 1994) and application of
chemical sprays or dips (Martin-Diana et al., 2007).
Changes in the quality of citrus fruits are directly
associated with fruit antioxidant activity at the ripening
stage (Xu et al., 2008). Fruits antioxidant capacities
essentially depend on ripening duration, genetic
characteristics, cultivation management and the
meteorological events that occur during fruit growth and
development. Antioxidant capacities of fruits, during
postharvest storage, is affected on the one hand by
harvest time traits including fruit TSS and phenolic

compounds contents and on the other hand by storage
temperature and ambient O, and CO, contents (Tavarini
et al., 2008; Martin-Belloso and Soliva-Fortuny, 2006).

By the mid-1990s, awareness of increasing amount
of fruit losses due to fruit decays prompted researchers
to evaluate more eco-friendly natural products
(Udagawa, 2005). Over the recent years, new techniques
have been developed to preserve postharvest citrus fruit
quality and increase storability, thereby maintaining the
marketability, enhancing the economic value of the
fruits, and providing high-quality products for
consumers (Nunes, 2008). Most of novel approaches
have focused on the identification of effective bioactive
compounds (Lanciotti et al., 2004).

Seaweeds are rich and varied sources of bioactive
natural products, which have been considered as
potential biotical and pharmaceutical agents (Ito and
Hori, 1989; Kamel, 2014; Omar, 2014; Nabti et al.,
2017). They contain macro- and micro-elements, plant
hormones, vitamins, enzymes and polyamines. Seaweed
extracts are further known to enhance the growth of
vegetables and fruits, and protect them from different
pathogens either on the plant or during storage
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(Washington et al., 1999). In the late 1970s, it was
indicated that the natural seaweed extract could improve
fruit quality and shelf life of avocado and pear fruits
(Blunden et al., 1978). Meanwhile, recent studies have
shown that seaweed extracts can improve postharvest
qualities of orange fruit (Kamel, 2014; Omar 2014). The
beneficial impact of such extracts is thought to be
associated with compounds that may include, but are
not limited, to betaines, oligosaccharides, polyamines,
cytokinins and/or other hormones (Norrie and Keathley,
2006; Nabti et al., 2017).

Environmental pollution during the use of hazardous
chemicals to protect crops and fruit postharvest
management has led scientists to use bioactive materials
in postharvest techniques. The main objective of the
present research was to evaluate the effects of Ulva
flexuosa Whulfen seaweed extract, as a bioactive
compound, on various postharvest characteristics of
Washington Navel orange fruit under cold storage
conditions.

MATERIALS AND METHODS

Experimental Design and Study Site

In order to assess the effects of different concentrations
(0.94, 1.88, 3.76, 7.52 g L") of U. flexuosa (a seaweed
species endemic to the Persian Gulf) extracts on
antioxidant activity and postharvest quality of
Washington Navel fruit during 60 days of storage (DS),
a factorial experiment with three replications was
carried out as a complete randomized design during
2015 and 2016 in the research laboratory of the Faculty
of Agriculture and Natural Resources in University of
Hormozgan, Bandar Abbas, Iran.

Seaweed Extract Preparation

In late December 2015, U. flexuosa samples were hand-
picked from the coastal areas of the Persian Gulf, and
thoroughly washed with seawater to remove undesirable
contaminations, inert matters, sand particles and
epiphytes. In the laboratory, after washing fresh
seaweed samples with distilled water, they were air-
dried for three days. The methanol extract was obtained
by macerating 500 g of the air-dried powdered plant
material with 200 ml methanol for 30 min using a
method described by Salehi et al. (2005). They were
then kept at room temperature for 24 h. The extract was
then filtered and concentrated on a rotary evaporator
bath with at a temperature less than 50 °C .The
methanol extract was suspended in water and
partitioned with ethyl acetate to obtain water soluble
and water insoluble (methanol extract) sub-fractions.
The water insoluble methanol extract was separated
thereafter.

Fruit Preparation

Mature fruit of Washington Navel orange were
harvested from a commercial orchard in December 2015,
according to Kader (2002). Fruit is harvested when the

appropriate TSS/acid ratio (7-9) is reached and the fruit
is orange on its entire surface. For this purpose, from
late November until harvest time, randomly 20 fruits
from 10 trees were picked and TSS/acid ratio was
measured. The fruit were directly transferred to the
research laboratory of the Faculty of Agriculture and
Natural Resources in University of Hormozgan, Bandar
Abbas, Iran. Wounded fruit or those with other
disorders were excluded. Fruit were picked, disinfected
by immersion in sodium hypochlorite 1% for 3 minutes,
washed with distilled water, and air-dried in the
laboratory. A total of 300 healthy and uniform fruit
were selected and divided into five groups, each of
which received a different treatment. Each treatment
was applied on 20 fruit in a plastic box, replicated three
times, making 60 fruit per treatment. Fruits were dipped
in solutions of seaweed extract or in distilled water as
the control for 15 minutes. After that, fruit were kept
under cold storage (5+1 °C) conditions at 85-90%
relative humidity for 60 days.

Antioxidant Activity Measurement

Antioxidant activity, mentioned as free radical
scavenging activity (FRSA), was measured at 0, 15, 30
and 45 days post-storage time, based on the scavenging
of the stable free radical using 1,1-diphenyl-2-
picrylhydrazyl (DPPH), according to the method used
by Dambolena et al., (2010). Each sample (10 pL of
plant material extract) was mixed with 900 pL of 100
mM Tris-HCI buffer (pH 7.4), 40 pL of ethanol and 50
uL of 0.5% (w/w) Tween 20 solution. They were then
added to 1 mL of 0.5 mM DPPH in ethanol (250 uM in
the reaction mixture). The control sample was prepared
through the use of water instead of plant extract. The
mixture was shaken with a mechanical shaker and was
left to stand in a dark room at room temperature for 30
min. After 30 min, the absorbance was measured at a
wavelength of 517 nm. The free radical scavenging
activity was expressed as follows: DPPH scavenging
activity (%) = [(Ac — As/Ac)] x 100, where ‘Ac’ is the
absorbance of the control sample and ‘As’ is the
absorbance of the test sample.

Postharvest Characteristics of Orange Fruit

To evaluate the qualitative characteristics of
Washington Navel orange fruit, fruit weight loss, fruit
juice, fruit decay and total soluble solids (TSS) were
measured as percentage units. Ascorbic acid (Vitamin C)
content was further determined. The measurements
were taken five times, at 15 days intervals, at 0, 15, 30,
45 and 60 days post- storage time.

Fruit weight loss (percentage) was calculated by
measuring the difference between the initial (0 DS time)
and the final weight (60 DS time), whereby on the first
day of the experiment, fresh weight percentage was
expressed as zero (Kamel, 2014; Fisk et al., 2008). Fruit
decay was specified by counting the number of fruits
with signs of decay (having either pathological or
physiological disorders) and was expressed as a
percentage of the initial number of fruit, per each
replicate for each treatment (Kamel, 2014).
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Fruit juice was extracted by the Hamilton juice
extractor (model JH-149), and subsequently weighed.
Then % fruit juice for each treatment was calculated by
dividing the fruit juice weight to the fruit weight for that
treatment. In order to measuring the TSS contents, after
extracting fruit juice, the TSS of fresh fruit juice was
analyzed by a digital refractometer (model DBROS,
Huixia” Taiwan) and was expressed as a percentage.

In order to measure the ascorbic acid (Vitamin C)
content, undiluted extracts were used for iodometric
titration, according to Spinola et al. 2013. Briefly, | mL
of 10 g L starch solution and 1 mL of 100 g L
potassium iodide solution were added to accurately-
weighed amounts of fruit extracts. Then, the samples
were titrated with 0.002 mol L' previously-standardized
potassium iodate solution ,until the mixture became
dark blue and the color persisted for more than 60
seconds. Next, the amounts of potassium iodate and
ascorbic acid contents were determined and expressed
as milligrams via Eq. (1). (Suntornsuk et al., 2002).

Ascorbic acid (mgl00 ml"' juice) = mg iodine per
potassium iodate x 8.806 (1)

Statistical Analysis

This study was carried out as a factorial experiment,
based on completely randomized design. Data were
analyzed using SAS program (v. 9.2, SAS Institute,
Cary, NC). The mean values were compared via the
least significant difference (LSD) at 5% level.

RESULTS AND DISCUSSION

Fruit Weight Loss

Washington Navel orange fruit weight loss was
significantly affected by storage duration (Table 1). In
each extract concentration, the weight loss was
significantly increased with prolonging the storage
period.

After treating fruits by different seaweed extract
concentrations, no significant difference was observed
among samples in 0 day storage time (Data not shown).
However, in 15 DS, fruit weight loss was significantly
higher at 0 and 0.94 seaweed extract concentrations than
other concentrations (Table 1). During all storage period,
treating fruit with 0.94 g L concentration of seaweed
extract did not significantly affect fruit weight loss
compared to the controls, however, all other
concentrations of seaweed extract significantly reduced
this trait when compared to the controls. Throughout the
storage period, the most effective concentration of
seaweed extract in reducing fruit weight loss was 3.76 g
L". Accordingly, during the 60 DS, this concentration
reduced fruit weight by 3.26% compared to 4.77 % fruit
weight loss in control treatment (Table 1).

Fruit Juice Content

Fruit juice content decreased significantly with
prolonging storage period, and the minimum percentage

of fruit juice (30.3%) was observed in the control
treatment during 60 DS time. Dipping the fruit in
seaweed extracts did not significantly preserve the
percentage of fruit juice during 15 and 30 DS times.
However, dipping the fruit in 7.52 and 3.76 g L’
seaweed extracts during 45 and 60 DS times preserved
more juice than to the control. The lowest percentage
reduction in fruit juice content was observed in samples
treated with 3.76 g L and the 7.52 g L' extracts during
45 and 60 DS times which did not significantly differ
(Table 2).

Table 1. Fruit weight loss (%) of Washington Navel orange
fruit treated with various concentrations of seaweed
extract compared to control treatment in the cold
storage conditions (5+1 °C at 85-90% RH).

Extract Fruit weight loss (%)
concentration DS time
(el

15 30 45 60
7.52 0.76 k 2.11h 294 f 3.82¢
3.76 0.71k 1.871 2.82f 3.26¢
1.88 0.74 k 2.14h 320¢ 4.03b
0.94 0.96 j 236g 3.68d 4.68 a
Control 1.06 j 2.38¢g 3.62d 4.77 a

Means with different letters are statistically different (LSD, P
<0.05). DS =Days of storage

Fruit Decay

In all seaweed extract concentrations, with increasing
the storage duration up to 60 DS, fruit decay increased
significantly (Table 3). Fruit decay did not change
significantly among samples stored for 30 days; despite
treated with the different seaweed extract concentrations.
Furthermore, prolonging the storage duration resulted in
significant reductions in fruit decay in the seaweed
extract treatments compared to control. However, no
significant difference was observed when the
concentration of seaweed extract increased from 0.94 to
752 g L' In 60 DS duration, the minimum and
maximum fruit decays were observed in samples treated
with 0.94 g L seaweed extract and control samples,
respectively, although in 45 DS duration there was not
significant difference between 0.94 and 1.88 g L
seaweed extract for minimum fruit decay (Table 3).

TSS

During the experiment and from Day 15 to 60, TSS did
not change significantly in the control treatment (Table
4), while dipping Washington Navel orange fruit in all
concentrations of seaweed extract (with the exception of
1.88 g L") caused a significant increase in TSS content
throughout the storage period (Table 4). By 15 and 30
DS, samples treated with 1.88 g L had significantly
higher TSS content than the control treatment; however,
by 45 and 60 DS, no significant increase was observed
in samples treated with higher extract concentrations. At
the end of the experiment (60 DS), by dipping fruit in
3.76 g L', TSS content (11.6%) was maximized.
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Table 2. Fruit juice (%) of Washington Navel orange fruit treated with various concentrations of seaweed extract compared to
control treatment in the cold storage conditions (5+1 °C at 85-90% RH)

Extract concentration

Fruit juice (%)

(gL DS time '
0 15 30 45 60
7.52 493a 46.1b 39.8¢ 36.0 de 33.6 efg
3.76 493 a 455D 403 ¢ 38.0cd 35.5¢ef
1.88 493a 4480 39.0c 34.7 ef 31.5gh
0.94 493 a 4470 39.1¢ 339ef 309h
Control 493a 447b 392¢ 33.6fg 303h

Means with different letters are statistically different (LSD, P <0.05)

+ DS = Days of storage

Table 3. Fruit decay (%) of Washington Navel orange fruits treated with various concentrations of seaweed extract compared to
control treatment in the cold storage conditions (5£1°C at 85-90% RH)

Extract concentration

Fruit juice (%)

(gL DS time '
0 15 30 45 60
752 0.00 h 0.33 gh 1.33 fgh 3.00 def 433 c-f
3.76 0.00 h 033 gh 2.00 e-h 333 de 5.33 be
1.88 0.00 h 033 gh 1.33 fgh 2.66 def 433 bed
0.94 0.00 h 033 gh 1.33 fgh 2.33 efg 3.66 cde
Control 0.00 h 0.66 gh 2.66 def 5.66 b 11.66 a

Means with different letters are statistically different (LSD, p<0.05)

+ DS = Days of storage

Table 4. Total soluble solids (TSS %) of Washington Navel orange fruit treated with various concentrations of seaweed extract
compared to control treatment in the cold storage conditions (5+1 °C at 85-90% RH)

Extract concentration Fruit decay (%)
(gL DS time |
0 15 30 45 60

7.52 8.2i 8.5hi 8.9ghi 10.5a-¢ 11.2abc
3.76 8.2i 9.0f-1 9.3e-1 10.2b-f 11.6a
1.88 8.2i 11.2abc 10.8abc 9.1f-1 9.4e-1
0.94 8.2i 10.5a-¢ 10.7a-d 8.9ghi 11.3ab
Control 8.2i 10.4a-¢ 9.5d-h 10.0c-g 10.4a-¢

Means with different letters are statistically different (LSD, P <0.05).

+ DS = Days of storage

Ascorbic Acid

Until day 45, the ascorbic acid content increased in all
seaweed extract concentrations, but thereafter, it
decreased significantly, when compared with the control
(Table 5), indicating that the seaweed extracts were
effective in maintaining the ascorbic acid content up to
45 DS. The most effective concentrations of the extract
to increase the amount of ascorbic acid content were
3.76, 1.88 and 7.52 g L' by 30 DS. Although maximum
ascorbic acid content on days 45 (73.48) and 60 (23.76
mgl00 ml" juices) was observed in samples dipped in
7.52 gL' seaweed extract, but this concentration was
not significantly different from 1.88 g L' and the
control. No significant increase in ascorbic acid content
was found in fruit dipped in seaweed extract at 60 days
of storage, compared with the non-treated (control)
fruits (Table 5).

Free Radical Scavenging Activity (FRSA)

The FRSA of orange fruits was significantly affected by
days of storage (DS) and seaweed extract application.
From the day O up to 30 DS, in all concentrations of
seaweed extracts (with the exception of 3.76 g L™), the
FRSA decreased significantly.  Although these
reductions were very remarkable on day 15, the increase
in the FRSA was gradual thereafter. Fruit dipped in
seaweed extracts showed a higher FRSA by 45 DS as
compared to 15 and 30 DS. At each sampling time,
orange fruits dipped in seaweed extracts had
significantly higher FRSA as compared with the control,
hence the maximum and minimum FRSA obtained in
samples treated with 3.76 g L of seaweed extract and
control, respectively. Accordingly, maximum FRSA
(84.89 %) was obtained by 45 DS in samples treated
with 3.76 g L' seaweed extract, which had significant
differences with other concentrations and the control
(Table 6).
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Table 5. Total ascorbic acid content of Washington Navel orange fruits treated with various concentrations of seaweed extract
compared to control treatment in the cold storage conditions (51 °C at 85-90% RH)

Extract concentration

Ascorbic acid content (mg100 ml” juice)

@Lh) DS time '
0 15 30 45 60
7.52 33.44f 51.04de 66.00ab 73.48a 23.76g
3.76 33.44f 45.32e 73.43a 56.76¢d 22.44¢g
1.88 33.44f 47.08e 73.33a 66.44ab 19.36¢g
0.94 33.44f 44.00e 64.68b 62.92bc 21.41g
Control 33.44f 36.08f 66.00ab 69.96ab 19.87g

Means with different letters are statistically different (LSD, P <0.05)

+ DS = Days of storage

Table 6. Free radical scavenging activity (FRSA) of Washington Navel orange fruits treated with various concentrations of
seaweed extract compared to control treatment in the cold storage conditions (5+1 °C at 85-90% RH)

. 1 FRSA (%)
Extract concentration (gL™) DS time '
0 15 30 45

7.52 73.95 be 11.49 hi 36.69 f 76.88 b
3.76 73.95 be 2023 g 71.61 ¢ 84.89 a
1.88 73.95 be 15.76 h 57.72d 56.39d
0.94 73.95 be 8.46 ij 5124 ¢ 56.30d
Control 73.95 be 6.28 j 2220 g 22.06 g

Means with different letters are statistically different (LSD, P < 0.05).

+ DS = Days of storage

This study indicated that weight loss of Washington
Navel fruit increased significantly by increasing the
storage duration up to 60 DS. It has been reported that
more weight loss occurred through prolonged durations
of storage due to the moisture loss and the greater
vulnerability of orange fruit to water loss despite low
temperatures (Rab et al., 2015). The results of this study
showed that dipping Washington Navel orange fruit in
all seaweed extract concentrations (except for 0.94 g L
1, significantly reduced their weight loss. Parallel to our
results, Omar (2014) indicated that the seaweed extract
reduced the percentage of fruit weight loss significantly,
possibly due to the effects of the extract as an organic
permeable barrier against oxygen, carbon dioxide and
moisture, which reduces respiration ,water loss and
oxidation reaction rates.

In this study, it was shown that weight loss of
Washington Navel orange fruit during storage was
accompanied by reduction in fruit juice contents. After
treating the fruit with seaweed extract, fruit weight loss
decreased as compared with control. In a way that the
maximum fruit juice contents were observed in samples
treated with 3.76 g L and 7.52 g L' concentrations of
seaweed extract at the end of the experiment (60 DS).
These results are in align with the reports by Kamel
(2014) who indicated that treating orange fruit with
seaweed extracts maintained higher percentages of the
fruit juice. Some studies have shown that fruit coating
with seaweed extract as an organic barrier prevents the
loss of fruit water, resulting in fruit juice maintenance
(Omar, 2014).

Regardless of the concentration of seaweed extract,
increasing the duration of treatment up to 60 DS,
significantly augmented fruit decay, while treatment of

fruits with seaweed extracts were able to observably
reduce fruit decay symptoms. The effect of all seaweed
extract concentrations on the reduction of fruit decay
symptoms was statistically similar. Accordingly, no
significant differences on fruit decay were observed
when the seaweed extract concentration increased from
094 to 7.52 g L. Certain studies have indicated that
seaweed extract show strong antimicrobial activities
which affect postharvest quality (Nabti et al., 2017),
significantly reduce fruit diseases, and prolong the shelf
life of Navel orange fruit (Rizvi and Shameel 2001;
Omar 2014). Nabti et al. (2017) demonstrated that
strong antimicrobial activity of seaweed extract is
owing to presence of terpenes compounds.

In the absence of seaweed extract, no significant
trend was observed in TSS changes during 15 DS to 60
DS. This finding was in contrast with Kamel’s (2014)
finding who indicated that the TSS content significantly
increased by up to 30 days of storage, and then
decreased by the end of the storage time (60 DS). When
orange fruit were dipped in 3.76 and 7.52 g L' of
seaweed extract, TSS content increased significantly at
60 DS compared to other storage periods. So that, the
highest amount (11.6%) of TSS content was observed at
60 DS when orange fruits were coated with 3.76 g L™
seaweed extract. It has been reported that TSS depends
on the maturity stage and due to the hydrolysis of
polysaccharides, it tends to increase during the ripening
process which happens to maintain the respiration rate
of fruits (Yonemoto et al., 2002). In this study, treating
fruits with seaweed extracts caused their TSS to
increase. Similar to these results, Kamel (2014) and
Omar (2014) also showed that exogenous use of
seaweed extract prevented the reduction of TSS in
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orange fruits. This is probably because the extract acted
as a protective O, barrier on the fruit surface, which
reduced the oxygen supply to the fruit, thereby
inhibiting respiration (Yonemoto et al., 2002).

Although ascorbic acid content increased over 45
days, however as storage time increased up to 60 days,
the amount of ascorbic acid in all seaweed extract
concentrations decreased significantly. These findings
are in contrast with the results reported by Kamel (2014)
and Omar (2014) which noted, prolonging the storage
period up to 45 DS significantly reduced the ascorbic
acid content of orange fruits when treated with seaweed
extract. Similar to our results, it was reported that cold
storage of some citrus fruits such as kinnow fruit (Citrus
reticulata) increased the amount of ascorbic acid in the
fruits (Shah et al., 2015). Increasing in ascorbic acid
content maybe due to reduction of orange juice content
under cold storage conditions (Johnson et al., 1995). All
seaweed extract concentrations were able to maintain
the ascorbic acid content up to 45 DS, but at 60 DS; this
trait decreased significantly. Nonetheless, in agreement
with our results, Kamel (2014) reported that ascorbic
acid content was decreased significantly at 60 DS. In
line with these results, previous studies indicated that
seaweed extract contains antioxidant enzymes that
prevents the breakdown of ascorbic acid in the fruit
(Nabti, 2017). Therefore, it seems that Ulva flexuosa
extracts able to maintain the orang ascorbic acid content
in short time of storage.

At the beginning of the experiment, FRSA was at its
maximum. While on the 15th day, a sharp decrease in
this trait was observed in all extracts concentrations.
This seems to be due to the decrease the total phenolic
compounds and anthocyanin content in cold storage
conditions (Galani et al., 2017). With a lag phase, after
15 day fruit dipping in seaweed extract gradually
increased FRSA, and this trend continued until 45 DS so
that the highest FRSA was observed at 3.76 g L extract,
which differed significantly with other concentrations.
This lag phase seems to be due to the delay in starting
the effect of the antioxidants in seaweed extract .In fact,
Corsetto et al. (2020) shown that seaweed extract may
act as an antioxidant either by direct scavenging ROS or
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