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A B S T R A C T

Difficulty of Pomegranate fruit peeling and arils separation are the main motivations of progressive ready-to-eat
pomegranate fresh arils industry. Also, extracted pomegranate arils are highly perishable due to water loss and
microbial contamination expose. The aim of the current work was then to evaluate the effect of ultrasound for 15
and 30 min on maintenance of bioactive compounds and microbial load reduction of pomegranate arils cv.
Rabbab. Treated arils were kept at 5 °C and analyzed during 15 days of storage. The most and least weight loss of
arils obtained in control and 30 min treated samples, respectively. After 12 days of storage, all samples were
decayed except those treated for 15 and 30 min. The ultrasound treatment significantly prevented degradation of
anthocyanin and ascorbic acid compounds. Total phenol and antioxidant activity decreased during storage. At
the end of storage, the most total phenol content (3898.6 mg GAE L−1) was found in arils treated for 30 min
whereas the most anthocyanin (91.93 mg L−1), total antioxidant activity (82.65%), and ascorbic acid
(2.53 mg L−1) were found in arils treated for 15 min. Ultrasound treated arils had lower microbial load (total
mesophilic bacteria in control and 30-min treated samples) in each stage during storage. At the end of storage,
the microbial load in treated and control arils was 0.7 and 0.2 Log CFU g−1, respectively). Overall, ultrasound
treatment effectively reduced weight loss and preserved bioactive compounds during storage.

1. Introduction

Ultrasound waves are non-toxic, safe, and ecofriendly treatments.
Ultrasound technology has been used widely in almost all fields of food
industry including microbial inactivation [1], filtration [2–4] and ex-
traction [5–7]. Ultrasonic has been applied as a technique to control
disease, and to preserve fresh products such as litchi [8], apple [9] and
vegetables such as lettuce [10], spinach leaves [11] and cucumbers
[12]. The inhibitory effect of ultrasound at 40 KHz, for 10 min on
microbial pollution of peach fruit has been reported [13]. Using of ul-
trasonic treatments has been shown to be promising as a technology for
maintaining quality and to prolong the storability and shelf life of
plums [14] and tomatoes [15]. Ultrasound power and treatment time
are the main factors which can affect ultrasound efficiency [16]. Using
250 W of ultrasound for 9.8 min has been considered as a potential
method of diminishing fungal contamination and preserving biochem-
ical compounds in strawberry fruit [17].

Pomegranate (Punica granatum L.) is a main resource of polyphenol

compounds with high antioxidant capacity [18]. Currently, the use of
minimally processed arils is expanding due to consumer demands.
However extracted arils are highly perishable which shorten its shelf
life [18–20]. Decay is a critical challenge for maintenance of pome-
granate arils. Botrytis cinerea, Aspergillus niger, Penicillium spp. and Al-
ternaria spp are the main pathogens cause contamination of arils [21]
Hence, new techniques are needed to preserve arils quality considered
as human-safe. It has been reported the effects of storage temperature
[22], and coating treatments [23,18] on contamination reduction and
prolongation of the pomegranate arils shelf life. To date, rare data has
been reported on the effects of ultrasonic waves on pomegranate arils
after harvest. So, the aim of this experiment was to determine the effect
of ultrasonic time on maintenance of biochemicals and microbial de-
contamination of pomegranate arils were kept in cold storage time.
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2. Materials and methods

2.1. Fruit sample preparation

The pomegranates (Punica granatum L. cv. Rabab) were harvested,
at full maturity stage, from a commercial orchard in Neyriz, Fars pro-
vince, Iran and were transported to the Postharvest Lab of Shiraz
University immediately before processing. After washing with tap water
arils were extracted and those with same color placed in a basket,
washed under water, rinsed and finally dried at room temperature.

2.2. Ultrasonic treatment

Arils were immersed in a water bath ultrasonic chamber (China)
containing sterile water and subjected to frequency of 40 KHz for 15
and 30 min. Then, arils placed in a basket till air-dried. One part of
prepared arils were immediately analyzed in order to demonstrate day
zero quality and thereafter, about 300 g of arils were randomly divided
into three lots of 100 g, were put on the polystyrene boxes, then were
kept at 5 °C and 90% RH [21] to be analyzed at 3-day intervals for
15 days.

2.3. Fruit quality studies

2.3.1. Weight loss (WL)
For measuring WL, boxes containing arils were weighted at day zero

(W1), and also at other sampling times (W2). The weight loss was de-
termined by the following Eq. (1) [24].

=
−

×weight loss(%) w1 w2
w1

100 (1)

2.3.2. Titratable acidity and water total soluble solids
Approximately 30 g of arils was juiced using the mortar and pestle.

This juice was used to measure Total soluble solids (TSS), titratable
acidity (TA), and ascorbic acid content. TSS was determined by means
of hand-held refractometer (ATAGO, Japan). TA was measured by
taking 5 mL of juice and this was titrated with 0.1 mol L−1 NaOH to pH
8.2 and expressed as a percentage of anhydrous citric acid. pH was
determined by pH meter (JENWAY 351, England).

2.3.3. Ascorbic acid assay
Ascorbic acid was measured by method reported [25]. Briefly,

10 mL of 1% meta phosphoric acid was blended with 100 µL of fruit
extract, then 1 mL of mixture was added to 9 mL of 2,6-dichlorophenol
indophenol, and the absorbance was recorded using the spectro-
photometer (Spectronic 20D, USA) at 515 nm.

2.3.4. Total anthocyanins
Anthocyanin concentration was determined based on pH differ-

ential procedure [26]. Absorbance was recorded at 510 and 700 nm by
microplate spectrophotometer (Epoch Biotech, Germany). Results were
expressed as cyanidin-3-glucoside equivalent per L of fruit extract
(mg L−1).

2.3.5. Total phenolic content
To prepare arils juice, arils of each replicate was extracted and

centrifuged for 15 min at 10,000g. Total phenolic content (TPC) was
measured by the Folin-Ciocalteu reagent [27]. Briefly, 700 µL of ex-
tracted juice was mixed with 900 µL of 2% sodium carbonate. After
3 min incubation at room temperature, 180 µL of 50% folin was added,
and the mixture was incubated for 30 min at same condition. The ab-
sorbance was recorded at 750 nm using microplate spectrophotometer
(Epoch Biotech, Germany). The concentration of TPC was expressed as
mg gallic acid equivalent per L (mg GAE L-1).

2.3.6. Total Antioxidant Activity (TAA)
To prepare arils juice, arils of each replicate was extracted and

centrifuged for 15 min at 10,000g. TAA of each extract was measured
using DPPH radical procedure [28]. Afterwards, 100 µL of extract was
incorporated with 1 mL of DPPH (0.1 mM) and 1 mL of Tris-HCl (pH
7.5) buffer and was incubated at the room temperature for 30 min.
Then, the absorbance was recorded using microplate spectro-
photometer (Epoch Biotech, Germany) at 517 nm. Antioxidant activity
was evaluated by the following Eq. (2):

= − ×TAA [(Abs control Abs sample/Abs control)] 100 (2)

2.3.7. Color measurement
The external color was assessed by measuring L* (lightness), a*

(redness) and b* (yellowness(chromaticity index with Minolta Chroma-
meter (CR-400, Japan). chroma (C*) and hue angle (h°), were then
reported according to the following Eqs. (3) and (4) [29].

= +
∗ ∗a bChoroma 2 2 (3)

=
∗

∗

b
a

Hue Arctano
(4)

2.4. Microbiological evaluations

From each treatment, 10 g of arils were homogenized and serially
diluted with saline solution (NaCl 0.9%) in triplicate. Microbial co-
lonies were obtained by means of the pour plate method on the Plate
Count Agar (PCA, Sigma Aldrich, USA) for mesophilic aerobic bacteria
incubated at 30 °C for 48 h and also applied the Yeast extract Glucose
Chloramphenicol Agar (YGC, Sigma Aldrich. USA) for molds and yeast
incubated at 25 °C for 72 h. Microbial counts were expressed as log CFU
g−1 [30].

2.5. Statistical analysis

A complete randomized design (CRD) was applied to analysis of the
treatments. Quality parameters were analyzed considering two-way
analysis of variance with SAS (v. 9.2). LSD (least significant difference)
test at P = 0.01 was used for determining different between the means.
Principal component analysis (PCA) was carried out with GenStat
software (v. 12.1) software. Pearson correlation coefficients were
measured with SPSS software (v. 16.0) for all traits to explore the re-
lationship between them.

3. Results and discussion

3.1. Visual observation

During storage, apparent signs of fungal growth were showed. After
nine days of cold storage the first signs of fungal contamination were
recorded in control samples. Among ultrasonic treated samples, those
that exposed for 15 min, demonstrated the decay symptoms after
15 days and 30-min treated samples kept their healthy appearance until
the end of storage (Fig. 1).

3.2. Fruit quality (WL, TSS, TA and pH)

Overall arils WL increased in all treatments during storage (Fig. 2.
A) however, it was more in the control samples than the treated ones.
The least WL was recorded in arils which were exposed to ultrasound
for 30 min. Control samples had the most WL after 9 days of storage
(Fig. 2A). In addition, at final storage time, WL in arils treated with
ultrasound for 30 min was 0.34% lower than those treated for 15 min.
These results are in alignment with those reported for nectarine [31]
and cucumbers [12]. The reduced WL may be due to the boosting effect
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of ultrasound waves on hydrogen bonds between water molecules and
macromolecules [32].

Total soluble solids (TSS) decreased during the first three days
(Fig. 2. B). Soluble solids content increased after three days of storage
which may be due to break down of polysaccharide into mono-
saccharide [19]. Similar results have been reported in cucumbers [12]

and white nectarines [31]. Titratable acidity (TA) decreased during the
first three days of storage (Fig. 2. C) and then increased. A significant
difference was found between the TA of control and ultrasound-treated
arils after 9 days of storage. By the end of the storage time, TA in arils
treated with ultrasound for 30 min was higher than in those treated by
ultrasound for 15 min but not significant. The obtained results were in
agreement with those reported for strawberries [17] and plum [14]. It
should be interpreted that the ultrasonication may decreases the ri-
pening rate through declining the ethylene production and respiratory
rate [32,33]. Arils pH changes were not significant during storage
(Fig. 2. D).

3.3. Ascorbic acid (AA)

AA increased in the first three days and then decreased gradually.
The possible reason for the loss of ascorbic acid during storage is its
oxidation [34]. The ascorbic acid content of arils treated with ultra-
sound for 30 min was more than other samples after 9 days of storage
(Fig. 3. A). At final storage time, the effectiveness did not depend on the
ultrasonic time. These findings were in agreement with those reported
in previous works [17] which underlined the fact that the ultrasonic
method is efficient in maintaining AA in strawberries, plums and cherry
tomatoes, respectively. The positive effect of ultrasonic treatment might
be related to the elimination of dissolved oxygen which is essential for
ascorbic acid degradation during cavitation and suppression of the ac-
tivity of ascorbic acid oxidase [35].

3.4. Total phenolic content (TPC), total anthocyanins content (TAC) and
colour

Overall, TPC declined during storage. The amount of decrease was
more in control than treated ones. This may be due to cell membrane
destruction as a result of the fruit senescence [36]. Ultrasound treat-
ment significantly reduced the degradation rate of phenolic com-
pounds. The TPC in arils treated with ultrasound for 30 min was higher
than control arils after 9 days of storage (Fig. 3. B). The effect of ul-
trasound treatment was not related to the ultrasonic time and there was
no any significant difference among various ultrasound times. The
highest TPC was achieved at the last day of storage in arils treated with
ultrasound for 30 min which was significantly different from the ones
treated with ultrasound for 15 min. The inhibitory effect of ultrasound
on the loss of TPC during storage was similarly reported on Prunus
salicina L. [14]. Also, tomato treated with 40%–100% power level for
4 min showed intensified TPC [37].

Total anthocyanins content (TAC) increased during storage. The
increase in TAC during storage has been reported in raspberry [38] and
cherries [39]. This may be due to the activity of anthocyanins bio-
synthesis enzyme [40]. TAC raised in both control and ultrasound-
treated arils; however, the rate of increase was greater in the latter
(Fig. 3. C). This findings were in alignment with other research in
strawberry [41], and litchi [8]. Explanation for this observation is that
using of ultrasonic decreased the activities of polyphenol oxidase and
peroxidase enzyme, and maintained anthocyanins and TPC throughout
the storage period. Therefore, it can be inferred that the enzymatic
degradation of pigments is inhibited to some extent by ultrasound ir-
radiation [8].

In 9th day of storage, ultrasound-treated arils had significantly
higher lightness compared with control. There was no significant dif-
ference in chroma value between treated arils for 30 min and control
after nine days of cold storage, however the remarkable decrease in
(C*) was observed in arils treated for 15 min (Table 1). As it is illu-
strated in Fig. 1, hue angle of the arils reduced during the storage.
Nevertheless, the arils treated with ultrasound had higher hue angle
than the control. The increase in ultrasound treatment time increased
hue angle significantly. Our results are in alignment with other studies
on strawberry [42,43]. Colour of the arils are due to the presence of

A

B

C

Fig. 1. Photographs of control arils (a), arils subjecetd to ultrasound treatment
for 15 min (b), and 30 min (c) after 12 days of storage at 5 °C.
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various anthocyanins such as cyanidin-3 glucoside, delphinidin-3 glu-
coside and pelargonidin-3 glucoside [19]. There was a remarkable
correlation between total anthocyanins with TPC (R2 = 0.58, Table 2).
Higher redness (a*) was found in ultrasound-treated arils for 30 min
and control samples after 9 days of storage. This can be confirmed with
total anthocyanin samples presented in Fig. 3C. The yellowness (b*)
showed stability in all samples during 9 days of storage, however sig-
nificantly it was reduced in those treated for 15 min.

3.5. Total antioxidant activity (TAA)

TAA increased in first three days and then decreased. The amount of
decrease in the TAA of control samples was higher than that of ultra-
sound-treated arils (Fig. 4. D). The reduction in TAA was related to
senescence due to increased degradative processes which results in
decreasing the bioactive compounds [30]. The effectiveness of ultra-
sound treatment was not affected by ultrasonic time and there was no
difference between different sonication times after 15 days. Similarly,
another research indicated that the ultrasonic wave could improve the
TAA of cherry tomatoes. Ultrasonication, as an abiotic stress, could
promote the synthesis of bioactive compounds through the simulation
of their physiological activities [43]. In present study, the correlation
coefficient of TAA with TPC, and ascorbic acid content was 0.86 and
0.50, respectively (Table 2). The ultrasound treatment stimulates OH−

and hydrogen peroxide production in which they have biocidal effect
on food materials. They trigger phenolic compounds accumulation
which can increase its TAA [44]. A direct correlation was distinguished
between arils TAA and total anthocyanins (R2 = 0.87) (Table 2). In
pomegranate arils, increased antioxidant capacity was related to total

anthocyanins and ascorbic acid content [18]. In this research, ultra-
sound treatments were effective on maintaining antioxidants during
storage.

3.6. Microbial analysis

The effects of ultrasound treatment on microbial load are presented
in Fig. 4. The microbial load raised during storage in control and ul-
trasound-treated arils, but with a significant higher rate in control
samples. This results were similarity those reported on strawberry [41]
and pineapple fruit [45]. Ultrasonication for 30 min was more effective
than 15 min in decreasing the populations of bacteria, and molds. Si-
milarly, ultrasound treatment for 20 min reduced food born pathogens
on lettuce more than 5 min treatment [10]. Ultrasonic inhibition of
pathogens occurs by free radical and the physical break down of cell
membranes [46].

Natural antioxidants are also able to reduce contamination of pa-
thogens and enhance the shelf life. In literature, there are multiple in-
vestigations indicate the antioxidant, antimicrobial and bioactivities of
olive polyphenols [47,48]. Also, the result of other study [49] showed
that polyphenols and other antioxidant compounds could have anti-
microbial properties, which underlined the fact that ultrasonic treat-
ment has been able to increase resistance to pathogens by preserving
phenolic compounds and maintaining antioxidant capacity.

3.7. Principal component analysis (PCA)

In the present study, PCA was performed through a physicochemical
evaluation in different treatments and storage times (Fig. 5). The

g

ef

e

g

e

ed

b

a

gh

fg

de

c

b

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

3 6 9 12 15

W
ei

gt
 lo

ss
 (%

)

Storage time (days)

A Control 15 min 30 min

ab d ab bcab d b ab ab aab de e d ed ed

0

5

10

15

20

0 3 6 9 12 15

TS
S 

(%
) 

Storage time (days)

B Control 15 min 30 min

a

gh fg h

a

gh de
f bc b cd
ea

fg cd cd
e

ef bc

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

0 3 6 9 12 15

Ti
tra

ta
bl

e 
ac

id
ity

 (%
)

Storage time (days)

C Control 15 min 30 min

b a

d db ab d d d db a

d d d c

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 3 6 9 12 15

pH

Storage time (days)

D Control 15 min 30 min

Fig. 2. Effect of ultrasonic treatments on weight loss (a), total soluble solids (TSS) (b), titratable acidity (c) and pH (d) in pomegranate arils cv. Rabbab during storage
at 5 °C and 90 ± 5% RH.
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variables taken into consideration were TSS, TA, WL, TPC, ascorbic acid
(AA), TAA, and total anthocyanin. According to PCA, a range of para-
meters were responsible for enhancing shelf life of arils. As shown in
Fig. 5A, a close relationship existed among TPC, AA, total anthocyanin
as well as TAA. The TPC, AA, total anthocyanin and TAA were placed
on the upper right side plot. These attributes were apparently asso-
ciated with 15 and 30 min treatments. Therefore, increase of the TAA
was related to arils shelf life enhancement caused by ultrasound
treatment. As it is seen in Fig. 5.B, a close relationship existed among
TSS, total anthocyanin and TAA with 6 and 9 day of storage.

4. Conclusion

The results obtained from current study showed that the ultrasonic

treatment at appropriate time is an effective technique for prolonging
the storage life of arils. In more detail, applying 40 kHz ultrasound for
30 min was suitable for decreasing microbial load and preserving the
qualitative characteristics (ascorbic acid and other bioactive com-
pounds) of arils. Eventually, it was revealed that ultrasonication for
30 min extends the pomegranate arils storage time up to 15 days at cold
storage.
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Fig. 3. Effect of ultrasonic treatments on ascorbic acid (a), total phenol (b), anthocyanin (c), and antioxidant activity (d) of pomegranate aril cv. Rabbab during
storage at 5 °C and 90 ± 5% RH.

Table 1
Effect of ultrasonic treatments on colour indices of pomegranate arils cv.
Rabbab during storage at 5 °C and 90 ± 5% RH.

Treatment Storage time (day) L* a* b* H° C°

control 1 12.81b 13.57bc 10.05a 36.52 a 16.89 bc

9 12.66b 19.67a 10.36a 27.88 bc 22.24 a

15 min 1 12.81b 13.57bc 10.05a 36.52 a 16.89 bc

9 17.61a 12.25c 6.20b 26.73c 13.73c

30 min 1 12.81b 13.57bc 10.05a 36.52 a 16.89 bc

9 16.97a 17.21ab 10.83a 32.70 ab 20.41ab

Different letters within the same column in each treatment indicates a sig-
nificant difference (p < 0.05).

Table 2
Correlation coefficients between measured factors of pomegranate arils cv.
Rabbab during storage at 5 °C and 90 ± 5% RH.

WL TPC AA TAA TAC TSS TA pH

WL 1
TPC 0.03 1
AA −0.21 0.53** 1
TAA 0.25* 0.86** 0.50** 1
TAC 0.44** 0.58** 0.36** 0.87** 1
TSS 0.34** 0.82** 0.42** 0.98** 0.89** 1
TA 0.27* 0.86** 0.38** 0.97** 0.85** 0.98** 1
pH 0.31* 0.85** 0.47** 0.99** 0.88** 0.99** 0.98** 1

* Significant at P = 0.05, ** Significant at P = 0.01
weight loss (WL), total phenolic content (TPC), ascorbic acid (AA), total anti-
oxidant activity (TAA), total anthocyanin (TAC), total soluble solids (TSS), ti-
tratable acidity (TA).
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