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ABSTRACT ARTICLE INFO  

 

The current research aimed to maintain mango fruit quality and prolong fruit 

shelf life (Manjifera indica cv. Langra). A factorial experiment was conducted 

as a completely randomized design with three replications (18 fruits per 

replication). Mango fruits were harvested at mature green stage from a 

commercial mango orchard in Roodan city, Hormozgan province. The first 

factor was ultraviolet irradiation (UV-C) (25 W power) at three levels (0, 5, and 

10 minutes). The second factor was ultrasonic irradiation with a frequency of 

35 kHz (280 W power) at three levels (0, 3, and 6 min). The third factor was 

storage time at five levels (0, 10, 20, 30, and 40 days). After using the treatments 

at the mentioned UV-C and ultrasonic proportions, the fruits were stored in a 

cold, humid environment (10 °C and 80-85% relative humidity). Sampling and 

measurements were carried out at different times. Based on the results, 

ultraviolet and ultrasound treatments prevented the increase in L (lightness), 

a, b, and pH values. Also, they prevented the decrease in fruit ascorbic acid 

over time. The highest ascorbic acid content (11.3 mg/100 g) occurred in 

response to the 3-minute ultrasound treatment. Ultraviolet treatments delayed 

the decrease in ascorbic acid content through storage time, compared to the 

control. However, the 5- and 10-minute ultraviolet treatments had no significant 

difference from each other. The 6-minute ultrasound treatment significantly 

suppressed the decrease in fruit weight. On the 40th day of storage, the lowest 

L value in fruit flesh (89 .44) occurred in response to the 5-minute ultraviolet 

treatment. Therefore, the 5-minute ultraviolet treatment can be recommended 

for the optimal maintenance of mango fruit appearance (L). The 3-minute 

ultrasound treatment can be recommended for the optimal maintenance of 

ascorbic acid in mango fruits when stored for 40 days. 
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     1. Introduction
Mango is an important tropical fruit, 

recognized worldwide for its high nutritional 

value. It has gained popularity as one of the 

most important export fruits in many 

countries. Mango production in Asia 

accounts for 72.9% of mango production 

globally, and India is the largest producer, 

producing more than 39% of the total world 

production. According to the Food and 

Agriculture Organization at the United 

Nations, the total amount of mango 

production worldwide was approximately 

42.7 million tons [1]. The total cultivation 

area in Iran was 2146 ha and the total mango 

production was 23627 tons in 2022 [2]. 

Since mango is a climacteric fruit [3], it can 

complete its ripening stages in the 

postharvest period. Harvesting at the ripe 

stage (completely yellow) is associated with 

fruit tissue softness and increases 

susceptibility to physical damage in storage 

and transportation. It also decreases the 

likelihood of supplying the fruit to distant 

markets [4]. Thus, in regions of commercial 

mango production, mango fruits are 

harvested at the mature green stage or when 

the fruit begins to change color. The fruits are 

stored in appropriate conditions, and if 

necessary, postharvest treatments are 

applied. Storage temperatures for mango 

fruits are usually between 10 and 15 °C, with 

humidity levels that range between 90-95%. 

In such circumstances, fruit quality can be 

maintained for 2 to 4 weeks [4]. 

Changes in fruit color and appearance can 

happen in mango due to shriveling and a 

decrease in fruit freshness, thus 

problematizing the duration of mango shelf 

life at the postharvest stage [5]. Nowadays, 

prevalent applications of chemical 

compounds increase the shelf life of 

horticultural products and control 

postharvest diseases, but limitations exist 

due to environmental considerations. 

Modern procedures in the industrial scales 

are expanding quickly to enable non-thermal 

methods for fruit preservation. Non-thermal 

methods protect the product without 

applying heat, so they prevent heat-induced 

changes in product quality [6 and 7]. 

Ultraviolet iradiation is a category of non-

ionizing irradiation that operates at a 

wavelength of 100-400 nm. It is divided into 

three groups, i.e., UV-A that operates at a 

wavelength of 315-400 nm, UV-B at 280-

315 nm, and UV-C at 100-280 nm [8]. UV-

C rays have the strongest effect when used at 

201-251 nm, thus significantly suppressing 

bacteria, viruses, protozoa, fungi, and algae. 

Protein and nucleic acids can absorb this 

irradiation and undergo photochemical 

changes that may lead to cell death [9]. UV-

C irradiation has been successfully applied 

on products such as carrots [10], green 
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peppers [11], strawberries and cherries [12], 

broccoli [13], and mangoes [14]. These 

applications maintained fruit quality, 

delayed senescence, and suppressed fruit 

decay in storage conditions.  

Further to its antimicrobial properties, this 

irradiation can initiate biological stress, thus 

causing the accumulation of phytoalexin 

compounds, stimulating defense 

mechanisms in plant cells, and increasing 

antioxidant activity, modifying plant cell 

walls, and ultimately preserving fruit tissue 

integrity [6 and 14]. In the previous research 

by González Aguilar et al. [14], applying 

UV-C irradiation on mango fruits (Haden 

variety) caused the least decay in fruits that 

were exposed to the treatment for 5 and 10 

minutes. The treatment reduced fungal 

contamination and increased marketability in 

the storage period. The 10-minute treatment 

was more effective than the 5-minute 

treatment on increasing fruit shelf life at the 

postharvest stage. UV-C irradiation at 6.6 

kJ/m2 delayed the increase in ripening index 

and postponed color changes from green to 

yellow in mango fruit skin during storage 

[15]. 

Ultrasound waves comprise a non-thermal 

method that increases the shelf life of fresh 

fruits in the storage period [16 and 17]. Its 

major range of frequency is between 20 kHz 

and 100 MHz and is not audible to humans 

[17]. Using ultrasound as a physical 

treatment not only eradicates the 

microorganisms from the fruit surface, but 

also neutralizes them and increases the fruit 

shelf life. Previous research showed that 

ultrasound treatment can counter bacteria, 

molds, and yeasts, thus prolonging shelf life 

and maintaining fruit quality [18] in 

strawberries [19], lychees [20], plums [21 

and 22], and peaches [ 17 and 23]. In relevant 

research, the effect of ultrasound at 25 MHz 

was evaluated on the biochemical features of 

mango fruits at 23 °C and 80% humidity 

during three weeks. The results showed that 

the ultrasound treatment caused the least 

decay and fruit contamination compared to 

the control, and the fruits were more 

marketable after the storage period [24]. The 

combined treatment of ultrasound and 

salicylic acid was also effective in reducing 

fruit decay in peaches stored at 20°C [23]. 

Since mango fruits are an important source 

of income in the south of Iran, their short 

shelf life and a lack of information on 

irradiation treatments can give reason to 

apply these treatments on mango fruits 

(Langra cultivar) to achieve a longer shelf 

life in this commercial variety in the south of 

the country. Thus, this experiment aimed to 

evaluate the effects of UV-C irradiation and 

ultrasound treatment as a safe and effective 

treatment combination to study the physical 

properties, fruit quality, and storage life of 

this mango variety. 
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2- Materials and Methods 

Langra mango fruits were harvested at the 

mature green stage in a commercial orchard 

in Roodan city, Hormozgan province, in 

2015. Immediately after harvest, the fruits 

were transferred to Hormozgan University, 

Faculty of Horticultural Science Laboratory. 

A total of 2430 uniform fruits were selected 

in terms of skin color, size, physical 

integrity, lack of mechanical damage and 

disease. The fruits were cleaned before 

conducting the experiments. The 

experimental layout was a factorial 

arrangement in a completely randomized 

design with three repetitions. The first factor 

was UV-C irradiation, applied at 254 nm at 

three duration levels (0, 5 and 10 minutes), 

the second factor was ultrasound irradiation 

at three duration levels (0, 3 and 6 minutes), 

and the third factor was storage time at five 

periods (0, 10, 20, 30, and 40 days). The 

fruits were first exposed to ultrasound 

treatment at 28 kHz (using 280 watts). Then, 

UV-C irradiation was immediately applied at 

25 watts. After using the ultrasound and UV-

C irradiation ratios, the fruits were placed in 

ventilated plastic containers and transferred 

to a cold room at 10 °C and 80-85% relative 

humidity. Each container or replicate had 18 

fruits [6, 25 and 26]. Fruit weight loss, 

firmness, and color indices were measurable 

in the samples. Color indices comprised L* 

(brightness degree), a* (redness degree) and 

b* (yellowness degree). Other measurable 

variables were sugar content, titratable 

acidity, ascorbic acid, and total phenol 

during the storage time. 

2.1. Fruit weight loss 

To measure the percentage of fruit weight 

loss, the following formula was used [27]: 

 
  100                                 ×   

W1−W2

W1
  

 =WL (%) 

 

where WL is fruit weight loss, W1 is the 

initial fruit weight before storage (g) and W2 

is the fruit weight in storage (g). 

 

2-2- Fruit texture firmness  

Fruit tissue firmness was measured using a 

penetrometer (model FT-327, Holland) 

equipped with a 10 mm probe. After 

removing the fruit skin, the probe was 

inserted into the equatorial region of the fruit 

to measure tissue firmness. The results were 

expressed as the maximum force required to 

penetrate the probe tip into the fruit tissue 

(kg/cm2). 

 

2-3. Fruit tissue and skin color  

Color parameters such as L* (lightness 

degree), a* (redness degree) and b* 

 [
 D

O
I:

 1
0.

22
03

4/
FS

C
T

.2
1.

14
7.

16
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 f
sc

t.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-1

2-
21

 ]
 

                             4 / 23

http://dx.doi.org/10.22034/FSCT.21.147.16
https://fsct.modares.ac.ir/article-7-64967-en.html


Hasan Shorakaie et al                                                                    Investigating the effects of UV-C and... 
 

20 

 

(yellowness degree) were determined by a 

chromameter device (Minolta CR400, Japan) 

at three points of each fruit [28]. The index 

L* indicates the lightness or darkness of the 

color (0=black and 100=white). a* indicates 

the axis that moves from green (-a) to red 

(+a), and b* indicates the axis from blue (-b) 

to yellow (+b). 

 

2.4. Soluble solids (TSS) 

Total soluble solids were determined using a 

digital refractometer (model DBR95, 

Taiwan) based on light refraction, and the 

results were expressed as °Brix [29]. 

 

2.5. Titratable acidity (TA) 

Titratable acidity was measured according to 

major organic acids in the fruit. To determine 

the titratable acidity, 5 ml of the extract was 

mixed with 45 ml of distilled water and 3-4 

drops of phenolphthalein. Then, titration was 

done using sodium hydroxide (0.1 N NaOH). 

Observing a pink color indicated the end of 

the titration. The amount of consumed NaOH 

was recorded and entered into the following 

formula to calculate the titratable acidity 

[30]: 

 
TA (%) = [(V × N × meq) /Y] × 

100 

where TA is the percentage of acid (citric 

acid) that can be titrated, V is the solution 

volume (ml) used in the titration, N is the 

normality of the solution (0.1), and meq is 

the equivalent weight of the major acid in 

mango fruits (citric acid), which was equal to 

0.67, and Y was the fruit juice volume (ml). 

 

2.6. Ascorbic acid 

Ascorbic acid content was measured by 

mixing 1 ml of fruit juice with five ml of 

metaphosphoric acid. After three minutes of 

centrifugation, the supernatant was removed 

and titrated with indophenol. The appearance 

of a purple color indicated the end of the 

titration. The amount of consumed 

indophenol was recorded, and the value 

entered into the following formula to 

calculate the ascorbic acid content. 

 

 AA= (V× F ×Y×100) / (W × T)  

 

where AA is the ascorbic acid content per 

100 g of fresh fruit weight, V is the volume 

of indophenol (ml) used in titration, F is the 

indophenol factor (0.25) for a standard 

ascorbic acid solution, Y is the fruit mixture 

volume and metaphosphoric acid (6), W is 

sample weight (1 g), and T is sample volume 

for titration (5 ml) [31].
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2.7. Total phenol content 

Total phenol content was measured using the 

Folin-Ciocalteu reagent according to a 

method by Singleton and Rossi [32]. 

Therefore, 0.5 grams of fruit tissue was 

homogenized with three ml of 85% methanol 

and 300 µl of it was mixed with 1500 µl of a 

diluted Folin reagent (10%). After five 

minutes, 1200 µl of sodium carbonate (7%) 

was added to the solution. After rotating for 

90 minutes on the shaker, the absorbance 

value was measured using a 

spectrophotometer at 760 nm. The result was 

compared with a standard curve of gallic acid 

at 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 

mg per liter. Total phenol content was 

calculated based on mg of gallic acid per 

gram of sample. 

Data were analyzed by MSTATC software 

and the comparison of mean values was done 

via Duncan’s Multiple Range Test (p≤0.05). 

3-Results and Discussion 

3.1. Fruit weight loss 

The simple effects of ultrasound, storage 

time, and the interaction effect of ultrasound 

and time on fruit weight loss (%) were 

significant (p≤0.05). However, no 

significance was observed on this index by 

the simple effect of ultraviolet, the 

interaction effect of ultraviolet and 

ultrasound, the interaction effect of 

ultraviolet and storage time, and the 

interaction effect of ultraviolet, ultrasound, 

and storage time. Comparison of mean 

values of interaction effect by ultrasound and 

storage time showed that although the 

amount of fruit weight loss increased with 

longer storage time, fruits treated with 

ultrasound showed a lower weight loss than 

the control at any time. By 40 days of 

storage, the difference of all three ultrasound 

levels was significant (Fig. 1). 
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Fig 1. Interaction effect of ultrasound treatments and storage time on mango fruit weight loss 

 

        Similar to this research, using 40 kHz 

ultrasound at 350 watts for 8 minutes caused 

a significant decrease in banana juice loss 

after 10 days of storage. Ultrasound 

treatment controlled fruit weight loss by 

maintaining membrane integrity and 

reducing membrane peroxidation [33]. 

Ultrasound at 20 kHz and 400 watts for 10 

minutes caused a significant decrease in 

moisture loss from mushrooms in all days of 

storage (3, 6 and 9 days), compared to the 

control. This may be due to inhibition of 

enzymes and intracellular water activity and 

reduction of respiratory metabolism by the 

ultrasound treatment [34]. Mozafar et al. [35] 

reported that ultrasound treatment can cause 

the inactivation of enzymes involved in the 

breakdown of cell wall polysaccharides and 

the middle lamella between plant cells. 

Jacklin et al. [36] reported that ultrasound 

can disrupt hydrogen bonds and van der 

Waals bonds in polypeptide chains, thus 

changing the secondary and tertiary structure 

of proteins and loss of enzymatic biological 

activities. 

       Chen et al. [37] reported that ultrasound 

treatment reduces lipid peroxidation and 

plant membrane dysfunction by stimulating 

the activity of antioxidant enzymes and 

biologically active compounds. Zhi et al. 

[38] reported that ultrasound treatment 

strengthened cellular wall structures and 

reduced membrane peroxidation in jujube 

fruits during the storage period. Lagnica et 

al. [39] also reported that ultrasound 

treatment delayed weight loss in edible 

mushrooms during storage. 

3.2. Fruit firmness  

Only the simple effect of storage time was 

significant on fruit firmness. However, no 

significant differences were caused by the 

effects of ultraviolet, ultrasound, the 
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interaction effect of ultraviolet and 

ultrasound, the interaction effect of 

ultraviolet and storage time, the interaction 

effect of ultrasound and storage time, and the 

interaction effect among ultraviolet, 

ultrasound, and storage time on fruit 

firmness (p≤0.05). Comparison of mean 

values showed that an increase in storage 

time caused a significant decrease in fruit 

firmness (Fig. 2). 

Applying the ultrasound treatment at 35 kHz 

and 400 W for 3 minutes did not significantly 

affect mushroom firmness after 7 days of 

storage compared to the control [40]. 

Nonetheless, reports exist that UV-C delayed 

the depolymerization of cellular walls. It 

inhibited cellular wall hydrolases such as 

polygalacturonase and pectin 

methylesterase, thus delaying fruit softening 

[41 and 42]. The effect of UV-C irradiation 

at 6.6 kJ/m2 was evaluated on the postharvest 

quality of mango fruits, showing that the 

UV-C treatment effectively maintained fruit 

firmness [15]. 

 

 
Fig. 2 Main effect of storage duration on firmness of mango fruit flesh 

 

3.3. Fruit color 

The interaction effects of ultraviolet, 

ultrasound, and storage time were significant 

on all color parameters including L* 

(brightness), a* (redness) and b* 

(yellowness) (p≤0.01). 

With the increase in the storage time of 

Langra mango fruits from the 0th day of 

storage to the 40th day, the amount of L*, a* 

and b* increased in the mango fruit tissue. 

The comparison of mean values showed that 

the L* value (brightness) of fruit flesh 

increased over time, and the color contrast 

decreased. Ultraviolet and ultrasound 

treatments prevented the increase in 

brightness. On the 40th day of storage, the 

lowest amount of L* in the fruit flesh (89.44) 

occurred in response to the 5-minute 
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ultraviolet treatment (Table 1). The highest 

a* value (redness) in fruit flesh (-2.68) 

occurred in the control treatment on the 40th 

day of storage. The increase in a* value in 

fruit flesh through storage time showed that 

the green color of the fruits decreased 

whereas the redness increased. Irradiation 

treatments prevented the increase in this 

variable and inhibited the decrease in fruit 

greenness (Table 2). The highest b* value 

(yellowness) in fruit flesh (44.72) occurred 

in the control treatment (no irradiation) on 

the 40th day of storage, thus showing that 

irradiation prevented the increase in 

yellowness through time. Based on the 

results, the yellowness of fruit flesh 

increased through time, but irradiation 

treatments prevented the occurrence of more 

yellowness in the fruit flesh (Table 2). 

In relevant research, the effects of ultraviolet 

irradiation at 6.6 KJ/m2 per square meter 

were evaluated on mango fruit quality (Kaew 

Kamin variety) after harvest. The results 

showed that ultraviolet irradiation delayed 

the ripening and loss of greenness in the fruit 

skin during storage, whereas the yellowness 

of the fruit flesh was not affected [15]. The 

delay in green color loss may be attributable 

to the decrease in chlorophyll oxidase and 

chlorophyllase activities, thus reducing 

chlorophyll degradation and maintaining 

tissue greenness [13]. A study by Promyou 

and Supapvanich [43] showed that UV 

treatments did not affect the b* value 

(yellowness) in the fruit skin and flesh of 

yellow bell peppers. 

 
Table 1. The effect of UV-C, ultrasound and 

storage time treatments on L* of mango fruit 

flesh 

Treatments   Storage time 
(day) 

 

U
V-C 

(
min
ute) 

Ultras
ound 
(minu

te) 

 0 10 

 

20 30 40 

0 0  56
.7
7 
w 

64.
03 
r 

76.
92 l 

86
.5 
h 

93
.7 
c 0 3  54

.7 
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hi 
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6 
d 

0 6  57
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h 
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de 

5 0  51
.7 
y 

59.
86 
tu 
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89 
n 
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9 ij 
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3 
ef 
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8 z 

60.
33 
t 

71.
56 
o 
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9 ij 

89
.4
4 
fg 

5 6  50 
z 

60.
7 st 

70.
72 
op 

84
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9 ij 
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.5
5 
fg 

1
0 

0  58
.6
2 
uv 

69.
9 p 

83.
68 j 

88
.4
4 g 
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.4
7 a 1

0 
3  58

.6
6 
uv 
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17 
q 
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63 
k 
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.6
4 
h 
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.2
5 
ab 

1
0 

6  58
.4
9 
uv 
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94 
q 

80.
08 
k 

89
.4
4 
fg 

96
.0
2 
b 

In each column, means with the same letter or 

letters have no significant difference in 

Duncan's test (P≤0.05). 

 

Table 2. The effect of UV-C, ultrasound and 

storage time treatments on a* of mango fruit 

flesh 

Treatments   Storage time 
(day) 

 

UV-C 

(min
ute) 

Ultras
ound 

(minut
e) 

 0 10 

 

20 30 4
0 

0 0  -
10.
53 
r 

-
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38 
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-
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37 
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-
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2
.
6
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-
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-
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-
3
.
7
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a
-
c 
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5 3  -
10.
81 
r 

-
7.
43 
n 

-
5.
81 
i-
m 

-
4.
67 
c-i 

-
4
.
1 
b
-
e 

5 6  -
12.
5 s 

-
7.
4 
n 

-
5.
91 
j-
m 

-
4.
7 

c-j 

-
4
.
1
7 
b
-
f 

10 0  -
8.8
5 

op
q 

-
7.
76 
no 

-
6.
12 
k-
m 

-5 
d-
k 

-
4
.
2
7 
b
-
f 

10 3  -
9.4 
q 

-
8.
08 
no
p 

-
6.
23 
l-
m 

-
5.
24 
e-l 

-
4
.
4
4 
b
-
g 

10 6  -
10.
68 
r 

-
8.
08 
no
p 

-
6.
94 
m
n 

-
5.
27 
e-l 

-
4
.
5 
b
-
h 

In each column, means with the same letter or 

letters have no significant difference in 

Duncan's test (P≤0.05). 

 

Table 3. The effect of UV-C, ultrasound and 

storage time treatments on b* of mango fruit 

flesh 

Treatments    Stora
ge 
time 
(day) 

  

UV-C 

(minu
te) 

Ultraso
und 

(minute
) 

 0 10 

 

20 30 40 

0 0  23.2
3 z 

31.
88 
rs 

35.78 
lm 

39.
3 fg 

44.
72 a 

0 3  24.0
46 yz 

31.
57 
st 

35.04 
mn 

39.
04 
fg 

43.
76 
ab 0 6  24.6

5 y 
32.
02 
rs 

34.9 
mn 

38.
67 
gh 

43.
76 
ab 5 0  24.7 

y 
30.
61 
tu 

34.59 
mno 

38.
1 
ghi 

43.
76 
ab 5 3  24.7 

y 
29.
84 
uv 

34.35 
nop 

37.
77 
hij 

42.
64 
bc 5 6  24.7

8 y 
29.
83 
uv 

34.24 
nop 

37.
26 
ijkl 

41.
72 
cd 10 0  25.0

1 y 
29.
08 
vw 

33.55 
opq 

36.
31 
kl 

41.
26 
de 10 3  24.8

1 y 
28.
35 
w 

33.34 
pq 

36.
54 
jkl 

40.
81 
de 10 6  25.8

4 y 
26.
46 x 

32.94 
qr 

36.
71 
jkl 

40.
1 ef 

In each column, means with the same letter or 

letters have no significant difference in 

Duncan's test (P≤0.05). 

 

3.4. Total soluble solids (TSS) 

Only the storage time significantly affected 

the TSS (p≤0.01), whereas the effects of UV-

C, ultrasound, and their interaction effects 

were not significant (P≤0.05). As observed, 

the TSS content increased significantly 

through storage time (Fig. 3). 

Most changes in relation to fruit ripening 

emerge from the breakdown of polymeric 

carbohydrates, especially sugars in the cell 

wall, which modify the fruit taste and 

texture. Thus, the total soluble solids 

increase with ripening. During storage, the 

breakdown of complex sugars into simple 

ones and the breakdown of polymeric 

carbohydrates are among effective factors 

that increase the total soluble solids in fruits 

[44 and 45]. 

In research by Chen et al. [20], ultrasound 

treatment did not have a significant effect on 

the total soluble solids in lychees. Other 

reports exist on the effects of these 

treatments on fruit soluble solids. In grapes, 

the highest amount of soluble solids occurred 

in response to the ultrasound treatment [18]. 

Aday et al. [46] showed that treating 

strawberries with ultrasound for 10 minutes 

effectively maintained the soluble solids and 

cell wall integrity in storage. Xu et al. [47] 

suggested that ultrasound treatments can 

delay the ripening process and increase 

soluble solids by changing ethylene 

biosynthesis and ethylene signaling 

pathways. Ultraviolet and ultrasound 

treatments did not have significant effects on 

mango soluble solids in this research due to 

the duration of exposure or irradiation 
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intensity, thus requiring additional 

experiments. 

 

 

Fig 3 Main effect of storage duration on the amount of TSS of mango fruit 

 

3.5. pH  

The simple effects of ultraviolet, ultrasound, 

storage time, interaction effects of ultraviolet 

and ultrasound, ultraviolet and storage time, 

and the interaction effect of ultraviolet, 

ultrasound, and storage time were significant 

on fruit juice pH. However, the interaction 

effect of ultrasound and storage time was not 

significant. 

According to the results, the pH of mango 

juice gradually increased through storage 

time from the beginning of storage until the 

40th day. However, the effects of ultraviolet 

and ultrasound were not significant until the 

20th day, and became significant from the 

30th day onward. As can be seen, on the 30th 

and 40th days of storage, the highest pH of 

the fruit juice occurred in the non-irradiation 

treatment. The lowest pH value (6.00) was 

observed in response to the 10-minute 

ultraviolet treatment and the 3-minute 

ultrasound treatment (Table 4). Previous 

research indicated that the pH increases in 

most fruits during storage, thus confirming 

the results of the current research. This 

increase in pH was mainly because of a 

decrease in organic acids during the storage 

period [48]. The increase in pH may correlate 

with a decrease in titratable acidity in fruits. 

Ultraviolet and ultrasound treatments can 

maintain titratable acidity by reducing fruit 

respiration and preventing the increase in pH 

[49, 50 and 51]. 

 

Table 4. The effect of UV-C, ultrasound and storage time treatments on pH of mango fruit flesh 

Treatment
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                       Storage time (day)  
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UV-C 

(minute) 
Ultrasound 

(minute) 

 0 10 

 

20 30 40 

0 0  3.48 l 3.85 k 4.43 j 5.68 fg 6.62 a 

0 3  3.5 l 3.77 k 4.4 j 5.45 hi 6.64 a 

0 6  3.4 l 3.84 k 4.56 j 5.63 fgh 6.6 a 

5 0  3.48 l 3.85 k 4.53 j 5.56 gh 6.56 a 

5 3  3.48 l 3.9 k 4.59 j 5.52 gh 6.61 a 

5 6  3.48 l 3.87 k 4.54 j 5.53 gh 6.62 a 

10 0  3.48 l 3.86 k 4.51 j 5.3 i 6.1 bc 

10 3  3.49 l 3.82 k 4.4 j 5.79 ef 6.00 cd 

10 6  3.47 l 3.83 k 4.51 j 5.9 de 6.23 b 

In each column, means with the same letter or letters have no significant difference in Duncan's test 

(P≤0.05). 

 

3.6. Titratable acidity 

Regarding titratable acidity, only the effect 

of storage time was significant (p≤0.01). The 

effects of ultraviolet and ultrasound 

irradiation and their interaction effects were 

not significant on fruit titratable acidity. 

Through time in storage, the titratable acidity 

gradually decreased in Langra mango fruit 

tissue. The highest amount of titratable acids 

in the fruits was observed immediately after 

harvest (2.785%), and the lowest was 

observed after 40 days of storage (0.597%) 

(Fig. 4). The decrease in titratable acid 

content in mango fruits through storage time 

was consistent with previous results by Jalili-

Marandi et al. [52] on apple. 

 

Fig 4. Main effect of storage duration on the content of titratable acid in mango fruit 
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Titratable acids are an important factor in 

maintaining fruit quality in storage. The 

amount of these acids depends directly on the 

concentration of organic acids in the fruit 

[44]. Organic citric and malic acids are 

consumed in respiration, thus their 

concentration decreases after harvest, during 

ripening as a climacteric fruit, and in storage 

[53]. In a study by Bal et al. [18], after 60 

days of storage, the titratable acid content of 

ultrasound-treated grapes was significantly 

higher than untreated control grapes. The 

ultrasound treatment reportedly delayed 

physiological maturation in fruits. Some 

studies also showed that UV treatment 

decreased respiration rate and resulted in 

higher titratable acid content in strawberries 

[51] and peaches [50]. 

3.7. Ascorbic acid 

Regarding ascorbic acid content, only the 

simple effect of ultrasound, storage time, and 

the interaction effect of ultraviolet and 

storage time were significant. However, no 

significance was observed by the simple 

effect of ultraviolet irradiation, the 

interaction effect of ultraviolet and 

ultrasound, the interaction effect of 

ultrasound and storage time, and the 

interaction effect of ultraviolet, ultrasound, 

and storage time (p≤0.05). Figures 5 and 6 

show the simple effect of ultrasound and the 

interaction effect of ultraviolet and storage 

time, respectively. The simple effect of 3-

minute ultrasound treatment caused a 

significant difference with the 6-minute 

treatment and the control. The 3-minute 

ultrasound treatment caused the highest 

ascorbic acid content (11.3 mg/100 grams). 

The interaction effect of ultraviolet and 

storage time also showed that the decrease in 

ascorbic acid content was delayed by the 

ultraviolet treatment, similar to the effect of 

ultrasound. However, there was no 

significant difference between the 5-minute 

and 10-minute UV treatments. The highest 

ascorbic acid content occurred on the 40th 

day of storage (5.65 mg/100 g) in response to 

the 10-minute ultraviolet treatment. 

Ascorbic acid is one of the most important 

antioxidants. Its content decreases gradually 

in storage because ascorbic acid functions as 

an electron donor to neutralize free radicals 

[54]. Ascorbic acid content decreases via 

cellular respiration or by ascorbate oxidase 

activity that degrades ascorbic acid [55]. 

Barka [56] experimented on tomatoes and 

Jalili-Marandi et al. [52] on apples, showing 

that fruits treated with UV-C irradiation 

retained more vitamin C than the control. 

UV-C irradiation reportedly caused stress in 

plant tissues, thus stimulating the 

biosynthesis of secondary metabolites that 

function in defense mechanisms and 

triggering antioxidant activity via molecules 
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such as vitamin C [57]. In mango, fruit 

quality and antioxidant capacity were 

reportedly maintained in freshly harvested 

mango fruits using UV-C irradiation [14]. 

Freitas et al. [58] attributed higher levels of 

ascorbic acid in pineapple skin of UV-C-

treated pineapple fruits because the treatment 

affected the ascorbate-glutathione cycle. 

Reddy et al. [59] reported a positive 

correlation between the decrease in ascorbic 

acid levels and the increase in ascorbate 

oxidase activity. Ultrasound treatment may 

also prevent ascorbic acid loss by removing 

oxygen species from active tissues and 

preventing their inhibitory activity [60]. Ali 

et al. [61] reported higher amounts of vitamin 

C in guava fruits treated with ultrasound. 

Combining UV-C rays and ultrasound 

treatments can entail positive results that 

may be attributable to the removal of 

dissolved oxygen that destroys vitamin C. 

Free oxygen molecules emerge from 

cavitation and a possible decrease in 

ascorbate oxidase activity in the fruit [62]. 

 
 

 

Fig 5. Main effect of ultrasound on the amount of ascorbic acid in mango fruit 
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Fig 6. The effect of UV and time on the amount of ascorbic acid in mango fruit 

 

3.8. Total phenol 

The effect of ultraviolet irradiation and 

ultrasound was not significant on the total 

phenol content in mango fruit tissue 

(p≤0.05). Only the effect of storage time was 

significant on this parameter (p≤0.01). 

Through storage time, the total phenol 

content decreased (Fig. 7). 

Phenolic components are an important group 

of secondary metabolites that substantially 

affect the quality of products and their 

sensory attributes, such as bitterness, taste, 

and color. Phenolic compounds are highly 

unstable and undergo changes during the 

storage period. Various reports indicated that 

the amount of phenolic compounds in fruits 

decreases while fruit ripening is gradually 

completed [13], thus confirming the current 

results of this research. 

Similar to the current research, a previous 

study showed that the effect of ultraviolet 

was not significant on the phenolic content of 

blueberry fruits (Collins cultivar) [63]. 

However, a study by Bravo et al. [64 and 65] 

showed that ultraviolet irradiation increased 

the total phenolic content and antioxidant 

activity in tomatoes. It was observed that the 

combined use of ultraviolet irradiation and 

ultrasound caused a significant increase in 

phenol content and the bioactive compounds 

in tomatoes during the storage period [66]. In 

a study by Bal et al. [19], a relatively higher 

amount of phenolic compounds occurred in 

grapes treated with ultrasound. The increase 

in total phenol content after ultrasound and 

ultraviolet treatments can be attributed to the 

activation of a number of pathways that 

orchestrate the biosynthesis of phenolic 

compounds and several key enzymes such as 

phenylalanine ammonia lyase (PAL). These 

enzymes synthesize some phenolic 

compounds such as flavonoids, chlorogenic 

acids, and coumarin while they catalyze 

phenylpropanoids [67]. 
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Figure 7. Main effect of storage duration on the amount of phenol in mango fruit 

 

4-Conclusion 

Ultraviolet irradiation and ultrasound are 

non-chemical methods that can control 

diseases and increase the shelf life and 

quality of fruits and vegetables. In this study, 

mangoes were maintained in cold storage for 

40 days after ultraviolet treatment. Using the 

ultraviolet treatment for five minutes 

optimally preserved the appearance of the 

fruits. Using the ultrasound treatment for 

three minutes optimally preserved the 

ascorbic acid content in fruits. Postponing 

the deterioration of green color and 

maintaining the appearance of the fruit with 

ultraviolet treatment may be related to the 

decrease in chlorophyll-oxidase and 

chlorophyllase activities, thus leading to 

lower levels of chlorophyll degradation, and 

tissue greenness that remains for a longer 

time. Ultrasound treatment may also delay 

ascorbic acid loss by removing active oxygen 

species in the fruit tissue, thus preventing 

their inhibitory role and suppressing cellular 

respiration. Therefore, ultraviolet treatment 

for five minutes can be suggested for the 

optimal maintenance of fruit appearance. 

Ultrasound treatment for three minutes can 

best preserve the ascorbic acid content in 

Langra mango fruits and thus contribute to 

quality maintenance during the storage 

period. 
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 فرابنفش و فراصوت بر عمر پس از برداشت میوه انبه رقم لانگرا بررسی اثر تیمارهای 

   4سمیه رستگار، *3، مصطفی قاسمی*2، عبدالمجید میرزاعلیان دستجردی1حسن شرکایی

 دانش آموخته کارشناسی ارشد، گروه علوم باغبانی، دانشگاه هرمزگان.  -1

 بندرعباس، ایران. گروه علوم باغبانی، دانشگاه هرمزگان، دانشیار  -2

هیئت علمی بخش زراعی باغی. مرکز تحقیقات و آموزش کشاورزی و منابع طبیعی استان قزوین، سازمان تحقیقات، آموزش و ترویج   -3

 کشاورزی، قزوین، ایران. 

 .دانشیار گروه علوم باغبانی، دانشگاه هرمزگان، بندرعباس -4

 دهیچک اطلاعات مقاله                        

 

 مقاله :   یخ هایتار
 

 2/8/1401افت: یخ دریتار

 6/9/1402رش: یخ پذیتار

صورت  ، آزمایشی بههای انبه رقم لانگرامنظور افزایش کیفیت و عمر انباری میوهبه

انجام  میوه(    18هر تکرار  فاکتوریل با سه فاکتور در قالب طرح کاملاً تصادفی با سه تکرار )

انبه  ها میوه  شد. مرحله  ی  بالغدر  رودان  در  انبه   تجاری  باغ  یک  از  سبز  استان    شهرستان 

وات    25شدت  با    (UV-Cفرابنفش )پرتوتابی اشعه    فاکتور اول  برداشت شدند.  هرمزگان

( با فرکانس  اولتراسونیک )  دقیقه(، فاکتور دوم پرتوتابی فراصوت  10و    5،  0در سه سطح )  

دقیقه( و فاکتور سوم زمان انبارمانی  6و  3، 0در سه سطح ) وات  280کیلو هرتز و توان  35

شده    های ذکرپس از تیمار با نسبت   هامیوه  بودند. روز(  40و    30،  20،  10،  0در پنج سطح )

  85-80گراد و رطوبت نسبی  درجه سانتی  10به سردخانه با دمای  فراصوتو   UV-C از

تیمارهای   های مختلف انجام شد.ها در زمانگیریگیری و اندازهدرصد منتقل شدند و نمونه

کاهش اسید  و pHگوشت میوه و  a، b)روشنایی(،  Lفرابنفش و فراصوت از افزایش 

بیشترین آسکوربیک  در تیمارهای فراصوت،    .ممانعت کردندبا گذشت زمان  آسکوربیک میوه  

( در  میلی   11/ 3اسید  شد.    100گرم  مشخص  دقیقه  سه  فراصوت  پرتوتابی  در  در  گرم( 

با گذشت زمان کمتر از شاهد بود اما بین    تیمارهای فرابنفش نیز کاهش اسید آسکوربیک

دار وزن  دقیقه از کاهش معنی  6دار نبود. تیمار فراصوت  پرتوتابی پنج و ده دقیقه تفاوت معنی

( متعلق به  89/ 44گوشت میوه )  Lانبارمانی، کمترین مقدار    40در روز    میوه جلوگیری کرد. 

مدت روز انبارمانی میوه انبه، تیمار فرابنفش به 40طی بنابراین  پنج دقیقه بود.فرابنفش  تیمار

دلیل داشتن بیشترین  ( و تیمار فراصوت سه دقیقه به  Lدلیل حفظ ظاهر میوه )پنج دقیقه به

 باشند.اسید آسکوربیک میوه انبه قابل توصیه می
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