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ABSTRACT 

Ready-to-use pomegranate arils can be a good alternative to fresh fruits, but they have a short shelf life, so a safe and healthy 
method is needed to maintain the quality of these arils during storage. For this purpose, the present study was conducted to 
investigate the effect of combined ozone treatment and Satureja khuzistanica extract on pomegranate arils of Malas Saveh 
cultivar during storage for 21 days in the cold storage at 4 °C. Factorial experiment with two factors of postharvest 
treatments (including seven treatments: 1) 1 ppm ozone; 2) 3 ppm ozone; 3) 1 ppm ozone + 0.5% S. khuzistanica extract; 4) 
1 ppm ozone + 1% S. khuzistanica extract; 5) 3 ppm ozone + 0.5% S. khuzistanica extract; 6) 3 ppm ozone + 1% S. 
khuzistanica extract; and 7) control), and sampling time (zero (before storage), 7, 14 and 21 days after storing arils in cold 
storage) were performed with three repetitions. The results showed that the highest amount of titratable acid (TA) (1.15%), 
anthocyanin (126 ppm), total phenol (115.6 mg GAE g-1 FW), and vitamin C (30.5 mg 100 g FW) during the storage period 
was obtained from 1 ppm ozone treatment with 0.5% extract of S. khuzistanica. Also, pomegranate arils treated with 1 ppm 
ozone + 0.5% S. khuzistanica extract had the highest appearance quality, and the lowest population of mesophilic, and 
psychrophilic bacteria, yeasts and fungal infections. In general, the combined treatment of ozone 1 ppm + 0.5% S. 
khuzistanica extracts is recommended as a safe and healthy method for storing pomegranate arils in storage. 
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Table 1. Analysis of variance of the combined effect of ozone and Satureja khuzistanica extract on quantitative, 

qualitative and phytochemical properties of pomegranate arils of Malas Saveh cultivar during storage 
Mean of suares 

df Sources of variation 

Fu
ng

al
 

Y
ea

st
 

Ps
yc

hr
op

hi
lic

 b
ac

te
ri

a 

M
es

op
hi

lic
 b

ac
te

ri
a 

Se
ns

or
y 

ev
al

ua
tio

n  

T
ot

al
 p

he
no

l 

A
sc

or
bi

c 
ac

id
 

A
nt

ho
cy

an
in

 

T
SS

 

T
A

 

pH
 

16.57** 14.61** 14.66** 15.89** 8.75** 1427.006** 311.1** 988.1** 1.05** 0.037** 0.018ns 6 Treatment 
57.2** 60.01** 46.96** 51.12** 46.15** 2731.39** 91.04** 1503.5** 1.12** 0.113** 0.18ns 2 Storage time 
4.33** 4.63** 4.72** 4.72** 1.28** 36.18** 9.99** 77.98** 0.088** 0.008** 0.005ns 12 Treatment× Storage time 
0.394 0.063 0.043 0.043 0.19 0.101 0.4 0.029 0.004 0.0008 0.001 42 Error 
20.87 8.89 7.14 7.14 19.78 0.36 2.8 0.15 0.41 2.97 1.13 - CV (%) 

Ns � :* �**e%$�$ ;. -<M� R��1$ g0( � ���R��1$ -<M� F�	�P� �l* �� ���1 � 5 0S��.            
Ns, **, *: not significant and significant differences at 1 and 5% of probability levels, respectively. 

  

  
 5 
1 �. &��� &��'( � �� �%"#$ .pH -)�����)� &��� -H &��* 89� 67� ��)� 54�3  

Figure 1. The effect of ozone and Satureja khuzistanica extract combination on pH of pomegranate arils cv. Malas 
Saveh during storage 
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Figure 2. The effect of ozone and Satureja khuzistanica extract combination treatment on TA of pomegranate arils cv. 
Malas Saveh during storage 
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Figure 3. The effect of ozone and Satureja khuzistanica extract combination treatment on TSS of pomegranate arils 
of Malas Saveh cultivar during storage 
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Figure 4. The effect of ozone and Satureja khuzistanica extract combination treatment on total anthocyanin of 
pomegranate arils cv. Malas Saveh during storage 

d c c
a b bc b

e ed de
ab

c d d
g f ef

b
e ef ef

0

20

40

60

80

100

120

140

Before storage  Control  Ozone(1ppm)  Ozone(3ppm)  Ozone(1ppm) &
Extract(0.5%)

 Ozone(1ppm) &
Extract(1%)

 Ozone(3ppm) &
Extract(0.5%)

 Ozone(3ppm) &
Extract(1%)

A
n

th
o

c
y

a
n

in
(p

p
m

)

Treatments

0 DAY 7 DAY 14 DAY 21 DAY



1054  �����  :��� 	! �"#$%� �� � &��'( &��� )��*�+,- �. ��/0)��� � �%1%2 �345 ��! ��)� 67� 89� &��* 

 

 
 5 
5-)�����)� &��� -H &��* 89� 67� ��)� 54�3 5� 5<L �. -!�%/ &��'( � �� -�%��$ ��	%$ �%"#$ .  

Figure 5. The effect of ozone and Satureja khuzistanica extract combination treatment on total phenol of pomegranate 
arils of Malas Saveh cultivar during storage 
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Figure 6. The effect of ozone and Satureja khuzistanica extract combination treatment on vitamin C of pomegranate 
arils cv. Malas Saveh during storage 
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Figure 7. The effect of ozone and Satureja khuzistanica extract combination treatment on sensory evaluation of 
pomegranate arils of Malas Saveh cultivar during storage 
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Figure 8. The effect of ozone and Satureja khuzistanica extract combination treatment on population of mesophilic 

(A), psychrophilic (B), fungal (C) and yeasts (D) of pomegranate arils of Malas Saveh cultivar during storage 
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