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Abstract The effect of high-intensity ultrasound (HIU),

antibrowning agents (C6H806 & CaCl2), and hot water bath

(65 �C) treatments on the prevention of enzymatic

browning and 2 weeks shelf-life study of fresh-cut mango

fruit slices were evaluated. Results showed that HIU trea-

ted mangoes have the lowest PPO activity ranging from

76.17 U/mL to 134.12 U/mL, while improved sensorial

properties including decay and off-odor, and enhanced

bioactive compounds (ascorbic acid, antioxidant capacity

and total phenolics) during storage (4 �C). It is stated that

HIU treatment as a promising alternative to replace

chemical and/or physical methods to prolong the shelf-life

and pursue the quality properties in mango fruit during cold

storage.

Keywords Enzymatic browning � Bioactive compounds �
High-intensity ultrasound � Mango fruit � Shelf life

Introduction

Nutritional studies suggest the regular consumption of fresh

fruit & vegetables for a healthier diet. The importance of

fresh-cut products based on the freshness, convenience,

improved nutrient and sensory properties with prolonged

shelf life. Fresh-cut processing makes the product highly

perishable and undesirable by the consumer. Therefore,

suitable processing techniques to keep the wholesomeness

and consumer desirability of fresh-cut produce are needed to

satisfy today’s increasing consumer demands (Salinas-Roca

et al. 2016). Mango (Mangifera indica) is a well-supplied

source of ascorbic acid, but unfortunately the content

decreases at the ripening period. Furthermore, mangoes are a

rich source of carotenoids including p-carotene, P-cryptox-

antin, zeaxathin, luteoxathin isomers, violxanthin and

neoxantin, pro-vitamin A (Wang et al. 2020). However,

several changes take place at the time of harvesting, pro-

duction and storage of the fruit. Those developments cause

loss of the microbiological and antioxidant properties, and

the main oxidative reaction observed in the fruits is enzy-

matic browning (Wang et al. 2020). Enzymatic browning is a

development which happens in various fruits and vegeta-

bles and has a significant role in the loss of food product. Due

to enzymatic browning, around 50% of the fruits are dis-

carded as a consequence of quality loss and the browning

which is catalysed by the polyphenol oxidase (PPO) enzyme

(Moon et al. 2020). When the product structure is injured by

physical forces including cutting, PPO is activated by

releasing into the cytosol. In the case of O2 and PPO,

monophenol is hydroxylated to o-diphenol, and diphenol

could be oxidized to o-quinones, which goes through poly-

merization process for the production of black-brownish

pigments (Yildiz et al. 2020). Several approaches are

explored such as thermal, chemical and physical treatments

in order to limit this occurrence. Thermal process is very

efficient to reduce the enzymatic browning, but it depends

upon the basis of differences in the appearance, texture,

colour & flavour of food crops (Izli et al. 2018). Hence,

conducted experiments aimed to study and compare the

effect of several pretreatments including non-thermal,

physical and chemical treatments on the visual appearance,

enzymatic activity, colour, bioactive constituents, microbial
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University, Iğdır 76000, Turkey

2 National Institute of Food Science and Technology,

University of Agriculture, Faisalabad 38000, Pakistan

123

J Food Sci Technol (January 2022) 59(1):202–211

https://doi.org/10.1007/s13197-021-05001-y

http://orcid.org/0000-0001-6229-7338
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-021-05001-y&amp;domain=pdf
https://doi.org/10.1007/s13197-021-05001-y


activity and sensory properties of fresh-cut mango fruit slices

during fourteen days of storage under refrigeration

conditions.

Materials and methods

Mango slices and treatments

Mango fruits (Mangifera indiica) cv. Kent was obtained

from a local market in Iğdır, Turkey. Mangoes after

washing with tap water for 2 min that was subjected to 7

treatments in total following the slicing of mango pieces

with a sharp stainless-steel knife (10 mm thickness). The

sample without any pretreatments was stated as a control

(untreated). In chemical treatments, mango pieces were

cleaned uo by tap water for sixty-seconds and immediately

submerged into 3.0% (w/w) antibrowning preservatives for

5 min. All antibrowning agents (ascorbic acid (AA) &

calcium chloride (CC)) were organized at 3% (w/v) with

distilled water along with the combined AA and CC in

different percentages including 1% AA-2% CC; 1.5% AA-

1.5% CC, and 2% AA-1% CC. In hot water treatment,

fresh-cut mango pieces were immersed in a water bath

(Thermoscientfic. MA, US) at 65 �C for 5 min. Mangoes

were kept in an ultrasonic water bath (Wiseclean, WU-C-

A10H, Germany) for 15 min. After the application of all

treatments including antibrowning agents, hot water and

high-intensity ultrasound (HIU), fresh-cut mangoes were

drained with the help of a paper towel for a minute &

instantly packaged in polyethylene bags, labelled and

stored at cold storage (4 �C) for 14 days for the shelf life

study and the experiments on storage were conducted at

0th, 7th, and 14th days.

Colour measurement

Colour readings of the fresh-cut mangoes were determined

by a Minotla Chromo Meter CR-3000 (Minolata Camera

Co. Ltd., Osoka, Japan) from the cut surface of the mango

fruit slices exposed to antibrowning solutions, hot water

and the HIU (Yildiz 2018). The white standard plate was

utilized in order to calibrate the color meter. The colour

results were shown by the lightnesss (L*), redness (a*) and

yelowness (b*). These three values were obtained from 10

separate locations from the cut surface of mango fruit slices

at 25 �C and the averaged L*, a*, and b* values were

recorded.

Polyphenol oxidase activity

Based on the process stated by Montgomey and Sgarberi

(1975) was performed for the PPO analyses in the fresh-cut

mango fruit pieces by a spectrophotmeter (Cary 60UV

Vis, Ageint Technologie, USA). About 30 g of mango

tissues were blended in a Osterizoer 12 sped blender in

0.2 g polyvinylpolypyrolidone and 70 mL of 0.5 M phos-

phate buffer for an extraction step during 60 s. The clear

supernatant right after the use of a centrifuge (1200 g,

20 min, room temperature) was obtained as an enzyme

extract. 2 mL of buffer solution at refrigeration condition

and 0.5 mL mango fruit extract were combined. Later,

fresh 0.5 mL catechol was added to the mixture. The

mixture was placed into a cuvette, and the absorbance was

recorded during three minutes every fifteen seconds at

420 nm. The enzyme activity of PPO analysis was con-

ducted at the first, seventh & fourteenth day. The absor-

bance of the assay emulsion versus the reaction (rxn) time

was ploted for the demostration of the enzyme kinetics.

The ratio of the absorbance vs. time curve was determined,

and the values were expressed in Unite/g of fresh weight.

The result was divided by 0.01 & enzyme activity was

described as ‘‘U/mL’’ in the deal with Cemerogu (2007).

Activity
Unite

mL
enzymeextract ¼ E

0:01

1

He
Hrkð Þ Sf

� �� �
ð1Þ

where E: the proportion of the absorboance vs. rxn time,

0.001: a constant value, He: the volume of the PPO extract,

Hrk: the total volume of the mixture (mL), and Sf: a dilution

determinant.

Bioactive metabolites

Ascorbic acid (AA, Vitamin C)

Vitamin C composition of mango fruit slices was analyzed

using titration following the procedure proposed by Ran-

ganna (1986) based on the reduction of 2,6-dichloropenol

indohenol dye (SigmaAldrich, StLouis, MO, USA) by

Vitamin C and it was expressed in mg/100 g of fresh

weight.

Extraction of sample

The extraction stage was achieved based on the procedure

reported by Yildiz et al. ( 2020). Homogenized untreated

and processed mango fruit pieces (1 g) were blended with

4.5 mL of CH3OH and H20 combination (80/20 v/v,

respectively) at room tempeture and shaken at 140 rpm

with an orbital shaker (Biosan OS-20, Latvia) for two

hours. The supernatant was obtained right after the cen-

trifugation process (10000 g, 15 min) (Sigma 3 K-30, UK).

The supernatant was filtered by using a 0.45 lm PTEE

filter for the detection of total phenolics as well as DPPH

antioxidant activity of the mango fruit pieces.
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Total phenolics content (TPC)

The procedure stated by Igual et al. (2012) along with

small changes was applied to measure total phenolics of

mango fruit slices by using gallic acid as a standard. The

basis of the procedure is the degradation of Folin–Ciocal-

teua reagent with phenolic substance. Concisely, the

mango fruit extract (0.25 mL) was mixed with 1.25 mL of

Folin–Ciocalteau indicator and 15 mL of deionized water

on a vortex blender (WisMisx VM-10, Dahan, Korean).

Directly after 10 min in the dark place, 3.75 ml of 7.5%

Na2CO3 was added into the mix and the volume was

rounded up to 25 mL by distiled water. Following that, the

absorbance was measured at 765 nm using a spectropho-

tometer right after 2 h incubation at room temperature.

Galic acid was used as a standard and the outcome were

pointed out as mg of galic acid per 100 g of dry weight.

Antioxidant capacity (AOC)

DPPH analysis was utilized to analyze the antioxidant

activity of mango fruit samples by the approach defined

previously by Alothman and Karim (2009). Mango fruit

extract (around 0.1 ml) was mixed with a 3.9 mL of 1.1-

diphenly-2-picrylhydrazyl solution (25 mM) and vortexed

from fifteen to thirty seconds and incubated at 25 �C
throughout thirty-minutes. At the end of the time, the

absorbance of the blend was read at 515 nm with a spec-

trophotometer and AOC of the mango fruit specimens was

expressed as lmol TE/g.

Microbial identification

The microbial detection was carried out as per the proce-

dure mentioned by Zhang et al. (2005). About 25 g of

control and processed mango specimens were added into

250 mL of aseptica physilogical saline with 0.2% Tween

80 surfactant. The blend was shaken for 5 min and diluted

in series (1:10). The mango fruit specimens were plated in

triplicate on plate count agar, incubated for a day at 37 �C
for aerobic bacteria and for 3 days at 28 �C for mold and

yeast.

Visual appearance

The photographs of fresh-cut mango fruit slices exposed to

antibrowning agents, hot water and high-intensity ultra-

sound (HIU) were taken by the camera (Canon Powershot

SX72-HSS Digital Stil Camera). The colour differences on

cut surfaces of mango fruit slices were recorded for

14 days, and the photos were taken at 0, seventh and

fourteenth days.

Sensory Evaluation

Panelists consist of 22 people were chosen for the evalu-

ation of the symptom of decay visually and off-odor of the

mango fruit slices. A 4-grade scale was supplied to the

people for their scores as below:

• no decay observation (0),

• slight (1): decay comprises up to 25% of the mango

fruit sample surface,

• moderate (2): decay comprising[ 25% but\ 50% of

the mango fruit sample surface,

• severe (3): decay comprising[ 50% of the mango fruit

sample surface (Cao et al. 2010).

More than that, for off-odor, no off-odor (0) and very

strong off-odor (7) were provided to the panelists. Decay

and off-odor analysis were performed at days seven and

fourteen of the storage.

Shelf life

Storage analysis of all mango fruit samples (untreated and/

or processed) kept at refrigeration conditions was con-

ducted at the intervals of first, seven and fourteen days.

Statistical data analysis

A randomized plots factorial experimental design was

employed. The results were determined using the JMP

(Ver. 7 0, SAS Insttute Inc., NC, US). Differences among

the mean value were obtained by Fisher’s least signifcant

differences (LSD) test at alpha: 0.05.

Results and discussion

Effect of storage on the colour of fresh cut mangoes

In fruits and vegetables, colour is a crucial parameter

which has a big potential on consumer preference and

enables people to have an idea about various other prop-

erties connected with final food product (Yildiz et al.

2019). The colour measurements of control and treated

mango fruits (antibrowning, hot water, and HIU) are shown

in Table 1. The lightness indexes of HIU-treated mango

fruit samples were significantly higher than antibrowning

and hot water treatment after 14 days storage interval

(Table 1). This might be explained as the ultrasound

treatment creates physical destruction and membrane

deteriorration of the cells, which causes easy elution of

pigment component from mango fruit tissues (Wanng et al.

2011). As the storage time was increased, the lightness

value was significantly decreased in all the mango pieces
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(untreated & treated mango fruit slices). The redness value

of the mango fruits displayed the identical tendency with

the lightness value and decreased all along the storage time

(Table 1). While the lowest redness values were detected

on the last day (all mango fruit slices), the highest redness

values were found on the first-day mango slices. On the

other hand, yellowness values of the mango fruit slices

were increased all along with the storage in all processed

mangoes. While the highest yellowness values were found

out on the last day (all mango fruit slices), the lowest

yellowness values were found on the first-day mango fruit

samples. Browning phenomena is not very hard to occur if

the product is cut, because the cut surfaces let O2 to pro-

ceed with enzymes and other chemical substances (Yıldlız
2019). It is pointed out a decrease in lightness index and an

increase in yellowness index is the reason of browning

activities (Putnik et al. 2020). In the current work, the

lightness values of all mango slices were decreased, while

yellowness values was increased after 2 weeks cold stor-

age, which displays the development of browning activity

as a function of time. Yiliz (2018) reported comparable

findings where the colour indexes of fresh-cut banana fruit

pieces exhibited a decrease in lightness and an increase in

yellowness at the time of storage. Furthermore, colour

parameters of fresh-cut apple fruit pieces were pointed out

by a decline in lightness & an increase in yellownness all

along with the storage in the research of Yildiz et al.

(2019). On a large scale, ultrasonic treatment is more

favourable to preserve the colour of mangoes, thus showing

the high quality and prolonged-shelf life of fruit samples

(Putnik et al. 2020).

Effect of storage on polyphenol oxidase activity

Different chemical preservatives (AA & CC), hot water

and HIU were applied for browning reduction on fresh-cut

mango fruit pieces. The PPO activity of mango fruit slices

during fourteen days under refrigeration conditions is

shown in Table 2. The PPO activities of mangoes exposed

to HIU were changing from 76 to 134 U/mL during

14 days, and that was from 311 to 595 U/mL for untreated

mango fruit slices. The PPO activities of all treatments

Table 1 Change of color in

control and treated mango

samples over storage at 4 �C

Treatment Storage (day) L* a* b*

Control 0 67.13 ± 1.13b (x) 4.14 ± 0.32a (x) 12.17 ± 0.15c (x)

7 54.98 ± 0.71e (y) 3.53 ± 0.15b (y) 13.98 ± 0.22c (y)

14 42.91 ± 0.45e (z) 2.56 ± 0.87c (z) 15.12 ± 0.13c (z)

Ascorbic acid (3%) 0 67.32 ± 1.33b (x) 4.11 ± 0.13a (x) 21.38 ± 0.19b (y)

7 60.14 ± 0.98c (y) 3.58 ± 0.78b (y) 21.17 ± 0.13b (y)

14 53.21 ± 0.17c (z) 2.95 ± 0.65a (y) 22.17 ± 0.32b (x)

Calcium chloride (3%) 0 65.88 ± 1.12c (x) 4.32 ± 0.29a (x) 21.33 ± 0.81b (z)

7 56.43 ± 0.88d (y) 3.55 ± 0.43b (y) 22.16 ± 0.17b (y)

14 53.23 ± 0.56c (z) 2.54 ± 0.09c (z) 23.28 ± 0.15b (x)

AA (1%)—CC(2%) 0 65.15 ± 1.22c (x) 4.35 ± 0.22a (x) 21.12 ± 0.88b (y)

7 60.56 ± 1.13c (y) 3.53 ± 0.24b (y) 22.93 ± 0.01b (x)

14 54.28 ± 0.12c (z) 2.74 ± 0.04b (y) 22.42 ± 0.33b (x)

AA (1.5%)—CC 0 67.68 ± 0.12b (x) 3.06 ± 0.13d (x) 22.13 ± 0.68b (y)

(1.5%) 7 59.74 ± 0.88c (y) 2.61 ± 0.54c (y) 22.94 ± 0.14b (y)

14 54.56 ± 0.09c (z) 2.13 ± 0.66d (y) 23.34 ± 0.77b (x)

AA (2%) – CC (1%) 0 65.19 ± 0.94c (x) 3.49 ± 0.72ab (x) 22.54 ± 0.45b (z)

7 60.67 ± 0.07c (y) 3.55 ± 0.41b (x) 23.67 ± 0.13b (y)

14 59.12 ± 0.11b (z) 2.19 ± 0.18d (y) 22.53 ± 0.19b (x)

Hot water (65 �C) 0 67.18 ± 0.35b (x) 4.20 ± 0.17a (x) 21.12 ± 0.09b (y)

7 63.09 ± 1.14b (y) 4.11 ± 0.75a (x) 22.66 ± 0.21b (x)

14 48.47 ± 0.14d (z) 2.18 ± 0.18d (y) 22.21 ± 0.31b (x)

Ultrasound (15 min) 0 69.34 ± 0.16a (x) 4.33 ± 0.83a (x) 27.13 ± 0.15a (y)

7 67.36 ± 1.32a (y) 3.57 ± 0.55b (y) 27.56 ± 0.18a (y)

14 65.15 ± 0.44a (z) 2.16 ± 0.29d (z) 28.13 ± 0.16a (x)

a-e Treatment means showed the effect of different treatments for the same day are not significantly differet

(p\ 0.05)
x–z Tretment means showed the effect of storage times for the same treatment are not signifiantly different

(p\ 0.05)
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were remarkably increased over the storage, specifically in

untreated mango fruit samples. While PPO activity of

mango fruit slices was low on the first day, these were

higher on days seven and fourteen. The highest PPO

activities were detected on the last day of stored mango

fruit slices. Chemical preservatives and submerging mango

fruit samples in water at 65 �C was significantly deceased

(p\ 0.05) the PPO activities of mangoes with the com-

parison of untreated mango fruit samples. Noticeably,

mango fruit samples exposed to an ultrasonic treatment

displayed the lowest PPO activity while compared with the

other mango samples, which is the sign of the least

browning. This is promoted by the colour findings

(Table1). Mango fruit samples exposed to HIU showed less

browning activity by showing a higher lightness and lower

yellowness values as compared to untreated and other

processed mango fruit slices. Diffrent application on food

products such as cutting causes the removal of fruit skins

and this is the reason of water loss & deterioration. It is the

reason of rising in the respiration ratio and ethlyene pro-

duction as well (Tapiai et al. 2015). Furthermore, the

reaction between phenol and polyphenol oxidize causes

browning discoloration (Yadav and Sinhgh 2014).

Non-thermal techniques are a relevant challenge in the

enzymatic browning of fruits. The most used methods are

high hdyrostatic pressure processing, HIU, iradiation, and

pulsed electric field (PEF) (Roobab et al. 2018). If we look

at the effect of non-thermal techniques on browning, we

can say that these are effective against enzyme inactiva-

tion. For example, Yamaguch et al. (2010) found that high-

hydrostatic pressure (HHP) lowers the PPO activity (37%)

in ginger plant. In another study, Schilling et al. (2008)

achieved the total inhibition of browning enzymes in apple

fruit samples by using pulsed electric field treatment at

60 �C. In present work, a relatively less studied method of

HIU was examined in comprehensively rather than other

non-thermal methods. The cavitation developed by ultra-

sonic waves is an important cause for the progress of

microscopic channels in the fruit samples that promotes

moisture removal (Yildiz et al. 2019). In addition, it might

be helpful to get rid of the moisture that is firmly attached

to the solid component which is exposed to ultrasonic

Table 2 Changes of PPO

activity in fresh-cut mango

slices at 4 �C

Treatments Storage (days) PPO activity (U/mL) at 4 �C

Control 0 311.13 ± 1.12a (z)

7 412.11 ± 1.15a (y)

14 595.12 ± 3.12a (x)

Ascorbic acid (3%) 0 216.12 ± 2.08c (z)

7 311.44 ± 1.13c (y)

14 439.15 ± 1.25c (x)

Calcium chloride (3%) 0 283.36 ± 2.13b (z)

7 373.26 ± 4.11b (y)

14 489.27 ± 1.13b (x)

AA (1%)—CC (2%) 0 201.84 ± 3.12c (z)

7 302.72 ± 2.15c (y)

14 427.44 ± 1.91c (x)

AA (1.5%)—CC (1.5%) 0 205.77 ± 2.13c (z)

7 288.31 ± 0.99d (y)

14 378.18 ± 1.15d (x)

AA (2%)—CC (1%) 0 156.43 ± 1.57d (z)

7 219.25 ± 1.43e (y)

14 364.73 ± 1.23d (x)

Hot water (65 �C) 0 222.19 ± 0.54bc (z)

7 307.66 ± 1.19c (y)

14 442.33 ± 2.05c (x)

Ultrasound (15 min) 0 76.17 ± 0.95e (z)

7 101.35 ± 1.15f (y)

14 134.12 ± 1.99e (x)

a-f Treatment means showed the effects of different treatment for the same day are not significantly

different (p\ 0.05)
x–z Treatment means showed the effect of storage times for the same treatment are not significantly

different (p\ 0.05)
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waves. Deformation of porous solid components created by

ultrasonic waves also decreases the diffusion boundary

layer and increase the convective mass transfer in the food

samples because of the development of microscopic cha-

nels (Yao 2016).

Effect of storage on bioactive components of fresh

cut mangoes

The ascorbic acid (vitamin C) changes of mango fruit

slices for fourteen days of storage under refrigeration

conditions are displayed in Table 3. A significant decrease

for vitamin C was determined in all processed mango

slices during storage. After 2 weeks of storage, the vita-

min C content of mango fruit slices exposed to HIU was

found significantly higher (p\ 0.05) than untreated

mangoes samples. A similar reduction in vitamin C con-

tent of mango fruit slices at the time of storage was

reported by Kumar et al. (2019). During storage, this

decline related to ascorbic acid content is prevalent in

whole and/or minimally treated fruits & vegetables, and

this is basically as a consequence of their engagement in

oxidative reactions (De Sousa et al. 2017). Moreover,

removal of O2 during cavitation might be the primary

reason of vitamin C destruction (Yildiz et al. 2020).

Vitamin C restricts the enzymatic browning of fruits with

the help of inhibition of catalytic site of the PPO. Addi-

tionally, vitamin C may reduce the quinones produced by

polyphenol oxidize to their initial structure by limiting the

darkening (Reucuk et al. 2009). Accordingly, a decline in

the inhibition stage was sustained via vitamin C in the site

of the PPO (higher PPO activitiy, Table2) and the ability

to make diphenols from mango fruit samples were likely

blocked by a decrease in vitamin C of the treatments,

which cause darkening of the mango fruit slices (lowest

lightness value, Table1) over the storage time. The results

were supported by the Pearson corelation coeeficient test

where the adverse linkage between vitamin C &

polyphenol oxidize (Table2) and positive correlation

between vitamin C and the lightness values (Table1).

Table 3 The effect of AA, AOC, and TPC in fresh-cut mango slices at 4 �C

Treatment Storage (day) AA (mg/100 g) AOC (lmol TE/g) TPC (mg GA/100 g)

Control 0 28.45 ± 0.16d (z) 2.15 ± 0.15a (z) 17.14 ± 0.88c (z)

7 22.51 ± 0.13d (y) 3.18 ± 0.42d (y) 18.25 ± 0.23d (y)

14 16.21 ± 1.09e (x) 5.43 ± 0.31b (x) 19.19 ± 0.13d (x)

AA (3%) 0 30.15 ± 0.44c(z) 2.25 ± 0.19b (z) 19.34 ± 0.25bc(z)

7 25.18 ± 0.76c (y) 3.33 ± 0.59d (y) 20.15 ± 0.18c (y)

14 19.33 ± 0.35d (x) 4.17 ± 0.64c (x) 21.93 ± 0.16c (x)

CC (3%) 0 31.18 ± 1.12bc (z) 2.13 ± 0.32b (z) 19.15 ± 0.26bc(z)

7 24.19 ± 0.88c (y) 3.45 ± 0.77d (y) 20.37 ± 0.22c (y)

14 19.35 ± 0.13d (x) 4.36 ± 0.83c (x) 21.85 ± 0.35c (x)

AA (1%) ? CC (2%) 0 32.47 ± 1.07b (z) 3.37 ± 0.25b (y) 19.33 ± 0.20bc(z)

7 24.56 ± 0.07c (y) 3.22 ± 0.20d (y) 20.72 ± 0.54c (y)

14 21.71 ± 0.83c (x) 4.13 ± 0.49c (x) 21.15 ± 0.67c (x)

AA (1.5%) ? CC (1.5%) 0 31.65 ± 0.44bc (z) 2.45 ± 0.76b (y) 20.13 ± 0.72b (y)

7 25.19 ± 0.45c (y) 4.18 ± 0.63c (x) 20.62 ± 0.86c (y)

14 21.58 ± 0.87c (x) 4.53 ± 0.16c (x) 23.19 ± 0.14b (x)

AA (2%) ? CC (1%) 0 32.14 ± 0.98b (z) 3.33 ± 0.54c (y) 19.14 ± 0.23bc(z)

7 28.28 ± 0.27b (y) 5.35 ± 0.13b (x) 22.33 ± 0.11b (y)

14 24.88 ± 0.12b (x) 5.16 ± 0.77b (x) 23.45 ± 0.25b (x)

Hot water (65 �C) 0 30.19 ± 0.55c (z) 2.79 ± 0.14b (z) 20.64 ± 0.35b (y)

7 25.29 ± 1.15c (y) 4.37 ± 0.23c (y) 20.29 ± 0.48c (y)

14 19.25 ± 0.43d (x) 5.35 ± 0.44b (x) 23.73 ± 0.73b (x)

Ultrasound (15 min) 0 36.42 ± 0.12a (z) 4.44 ± 0.13d (y) 24.76 ± 0.68a (z)

7 32.18 ± 0.65a (y) 6.42 ± 0.85a (x) 27.27 ± 0.63a (y)

14 27.44 ± 0.77a (x) 6.15 ± 0.93a (x) 29.13 ± 0.42a (x)

a-e Treatment means showed the effect of different treatments for the same day are not signifcantly diferent (p\ 0.05)
x–z Treatment means showed the effect of storage times for the same treatment are not signifiIcantly diffrent (p\ 0.05)
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The impact of TPC on untreated and treated mango fruit

samples is shown in Table 3. Among all treatments, HIU

treatment shown the highest phenolic compounds all along

with the storage. Similar findings were stated in the study

of Bhat et al. (2011) and an increase in TPC in pear fruit

pieces right after HIU treatment was pointed out (Cruz-

Cansion et al. 2015). This difference could be related to the

release of bound form of phenolic ingredient by cause of

the deformation of cell wall via ultrasonic cavitation

(Yıldız 2019). AOC of untreated and processed mango fruit

slices are shown in Table 3. AOC was significantly

increased (p\ 0.05) with the storage time in mango fruit

samples for all treatments. Mango fruit slices exposed to

HIU had the highest AOC among all treatments (Table3).

Zafra-Roja et al. (2013) investigated that HIU treated fruit

slices led to higher AOC. So, this increment in AOC may

be attributed to the enhanced extraction of antioxidant

substances such as vitamin C and phenolic metabolites that

could be as a result of the mechanical impact of cavitation

and bubble implosions at the time of HIU treatment (Abid

et al. 2015). This could approved the results that there is a

positive correlation between AOC and total phenolic

compounds of mango fruit samples (Table 3). The associ-

ation of phenolic compound in the AOC of food products

has been focused in other researches with the inclusion of

processed mango fruit samples (Gonzalez-Aguilar et al.

2007).

Microbial activity

An increase in the numbers of total bacteria, mold and

yeast in fresh-cut mango fruit samples were observed

during the storage in Table4. In cold storage, the numbers

of microorganism in mango fruit pieces were significantly

decreased (p\ 0.05) by HIU when compared with the

other treated and non-treated mango fruit samples

(Table 4). Moreover, HIU application efficiently reduced

the spoilage arise from microorganisms on fresh-cut mango

fruit samples. It is well- known that HIU treatment

develops cytolytic effects which is very efficient for the

microorganism inactivation, however the cell breakdown

degree depended on the experimental circumstances and

the type of microorganism (Roobab et al. 2018). The

findings indicated that the lower decay value (Fig. 2) in

mango fruit samples exposed to HIU might be linked to

inhibited microbial populations.

Visual Appearance

The visional display of fresh-cut mango specimens with

various methods during fourteen days of storage at refrig-

eration conditions are shown in Fig. 1. All mango fruit

slices exposed to antibrowning agents and hot water as well

as control samples exhibited a darker colour as compared

to HIU treatment (Fig. 1). The image displays a fine cor-

relation with the Hunter lightness readings where fresh-cut

mango fruit pieces exposed to HIU treatment exhibited the

highest lightness readings between the applications

(Table1). All mango slices displayed colour degradation

starting from first day tol ast day. In particular, mango fruit

pieces on day 14 displayed a significant colour degradation,

specifically in the untreated mango fruit pieces (Fig. 1a).

Appearance has a considerable function for the develop-

ment of consumers’ preferences and subsequent approval

of a food product (Wu et al. 2015). It can be anticipated

that people would be in favor of shopping for fresh-cut

mango fruits exposed to high intensity ultrasound by con-

sidering that they have desirable colour and less browning.

Sensory evaluation

Figure 2 exhibits scores of decay degrees on the fresh-cut

mango fruit slices employed with antibrowning agents, hot

water and HIU treatments. The HIU treatment shown the

most effective treatment in reducing browning and decay

of fresh-cut mango slices (Fig. 2). Alternative applications

such as hot water and antibrowning compounds were

slightly effective fort he reduction of browning and decay

symptoms with the comporison of untreated mango slices.

At the end of 2 weeks storage, mango fruit slices exposed

to HIU exhibited less decay symptoms. On the other hand,

medium to severe decay problems were inspected in other

treatments and untreated mango fruit specimens. At day 1,

no decay was noticed for all applications (untreated,

antibrowning agents, hot water, and HIU treatments). The

decay evaluation of all 3 treatments on the day 14 was

higher as compared to day 7. Khademi, Ashtari, & Razavi

(2019) stated that the banana fruit pieces exposed to HIU

displayed a less chilling injury severity along with

improved firmness, total phenolic content and antioxidant

activity.

On the other hand, Fig. 2b displays scores of off-odor

assessment on the fresh-cut mango slices employed with

antibrowning agents, hot water and HIU treatments. At day

1, no off-odor was observed in all mango samples. On the

other hand, an off-odor was identified on all mango sam-

ples on day 14 with the exception of HIU treated mangoes.

While, the lowest scores for decay, browning and off-odor

were stated in mango fruit slices exposed to HIU

treatments.
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Table 4 The numbers of aerobic microorganisms in fresh-cut mango slices at 4 �C

Treatments Storage (days) Bacteria (Log10 CFU g-1) Mold and yeast (Log10 CFU g-1)

Control 0 2.94 ± 0.04a (z) 2.48 ± 0.06a (z)

7 3.40 ± 0.08a (y) 3.22 ± 0.04a (y)

14 3.85 ± 0.05a (x) 3.89 ± 0.03a (x)

AA (3%) 0 2.76 ± 0.02b (z) 2.42 ± 0.04a (z)

7 3.34 ± 0.05a (y) 3.15 ± 0.02a (y)

14 3.72 ± 0.01b (x) 3.80 ± 0.06b (x)

CC (3%) 0 2.77 ± 0.01b (z) 2.43 ± 0.03a(z)

7 3.28 ± 0.03ab (y) 3.18 ± 0.04a (y)

14 3.75 ± 0.04b (x) 3.81 ± 0.02b (x)

AA (1%) ? CC (2%) 0 2.64 ± 0.04c (z) 2.28 ± 0.05b (z)

7 3.28 ± 0.06ab (y) 3.07 ± 0.08b (y)

14 3.65 ± 0.02bc (x) 3.60 ± 0.01c (x)

AA (1.5%) ? CC (1.5%) 0 2.48 ± 0.04d (z) 2.02 ± 0.05cb (z)

7 3.13 ± 0.07c (y) 2.93 ± 0.05c (y)

14 3.62 ± 0.04c (x) 3.47 ± 0.03d (x)

AA (2%) ? CC (1%) 0 2.33 ± 0.03e (z) 2.01 ± 0.04c (z)

7 2.97 ± 0.05d (y) 2.80 ± 0.02d (y)

14 3.42 ± 0.02d (x) 3.40 ± 0.06e (x)

Hot water (65 �C) 0 2.85 ± 0.04b (z) 2.45 ± 0.04a (z)

7 3.40 ± 0.02a (y) 3.10 ± 0.05b (y)

14 3.75 ± 0.07b (x) 3.87 ± 0.07a (x)

Ultrasound (15 min) 0 1.25 ± 0.06f (z) 1.27 ± 0.02d (z)

7 2.21 ± 0.08e (y) 2.20 ± 0.04e (y)

14 2.65 ± 0.03e (x) 2.72 ± 0.04f (x)

a-f Treatment means showed the effect of different treatments for the same day are not significantly different (p\ 0.05)
x–z Treatment means showed the effect of storage times for the same treatment are not significantly different (p\ 0.05)

Fig. 1 Appearance of mango slices with different treatments for a 14-day period at 4 �C (a no treatment; b CC (3%); c AA (3%); d AA (1%)—

CC (2%); e AA (1.5%)—CC (1.5%); f AA (2%)—CC (1%); g hot water at 65 �C; h ultrasound)
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Conclusions

Even though HIU was proved to be more effective to

inactivate microorganisms rather than enzyme inactivation,

this work demonstrated that HIU treatment is a promising

alternative of heat treatments for the inactivation of

browning enzymes. Overall, compared to the chemical

(ascorbic acid and calcium chloride agents) and physical

(submerging in hot water) applications, HIU was reported

to be the most effective technique for the prevention of

browning in fresh-cut mangoes. Aside from the inactiva-

tion of the enzyme, HIU exhibited improved performance

on the prevention of colour degradation of mango fruit

pieces. Fresh-cut mango fruit samples exposed to HIU

application showed improved bioactive content and sen-

sory properties. HIU treatment might be utilized to prevent

browning, decay, and deterioration of fresh-cut mango fruit

samples. This study will be beneficial for the formation of

processed mango fruit with a prolonged shelf life and

higher customer acceptability supported by preserving the

colour and inhibiting the enzymatic browning.
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