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Abstract Synthetic antioxidants can reduce postharvest

losses, but consumers are concerned about chemical resi-

dues in the product. There is a growing interest in using

natural compounds for the preservation of foods. In this

study, the efficiency of juices or extracts obtained from

three fruit species with high antioxidant activity as

browning inhibitors was measured and then compared with

that obtained from pomegranate by-product (PBP). The

aim was to offer the most significant contributions con-

cerning fresh-cut fruit preservation, using ‘Shahmive’ pear

as the fruit model. Slices of pear were dipped in pome-

granate juice (PJ) or extract (PE), kiwifruit juice (KJ) or

extract (KE), grape juice (GJ) or extract (GE), PBP and

chitosan before being stored at 4 �C. The total phenolic

content of solutions ranged from 11 to 127.5 mg gallic

acid/100 mL. Extracts of pomegranate peel and grape had

the uppermost and the lowermost antioxidant activity

(%DPPH), respectively. In comparison with other treat-

ments including the control one, the minimum peroxidase

(POD) activity, the maximum ascorbic acid content and the

retention of firmness were seen in the fruit which was

treated with kiwifruit extract. PJ ? GJ treatment decreased

POD and polyphenol oxidase activity and improved L* and

a* values in the slices. The use of fruit juice or extracts had

no adverse effect on the sensory quality of slices, with the

exception of samples subjected to PJ or GJ ? KJ treat-

ments. Improving antioxidant capacity of fresh cut pear

treated with KE and PJ ? GJ would have a big advantage

of preventing enzymatic browning.

Keywords Antioxidants � Browning � Phenolic
compounds � Postharvest disease

Introduction

By-products such as unused flesh, fruit pomace, pulps,

seeds and peels, produced while processing the food, are

inevitable. These secondary products, can pose serious

disposal problems for the food industry. However, their

outstanding features, both nutritional and technological,

have so far made them encouraging sources of food pro-

cessing. Gyawali and Ibrahim (2014) quite rightly noted to

the various antimicrobial properties hidden in the enor-

mous amount of organic acid, minerals, and phenolics that

can be found in these byproducts remaining after the fruit

and vegetables are processed. Organic acids play an

important role in fresh fruits and their by-products by

providing a sharp sour fresh taste (Muchuweti et al. 2005).

The level of these organic acids which are the main cause

of low pH values is relatively high in most fruits. These

factors, namely a low pH, together with the high concen-

trations of organic acids are vital issues in preserving fruit.

Beside organic acids, there are other known bioactive

compounds including vitamins E and C, phenolic com-

pounds, dietary fiber, and carotenoids in fruits which have

been indicated to have antimicrobial effects, perform a

chief function in protecting fruits against pathogens, lead to

lysis, and penetrate the microorganisms’ cell membrane

(Ayala-Zavala et al. 2011). Jan et al. (2013) attributed most

of these effects to phenolic compounds and their free-

radical scavenging activities and existing strong

antioxidant.

Fresh-cut fruits are ready-to-eat products with increas-

ing consumption growth. Peeling, cutting and other
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processing operations, however, can cause physiological

effects including water loss, membrane deterioration, loss

of acidity and speed up the plant tissues’ metabolic activ-

ities and enhance the fragility of fresh-cut fruit (Yousuf

et al. 2018). Other biochemical and physiological changes

related to the fresh-cut including browning enhancement

on the cut surface. Browning is in fact the main reason why

consumers do not like to buy fresh-cut fruits (Remorini

et al. 2015). To hinder the growth of surface browning and

control post-harvest diseases, a number of chemical treat-

ments have so far been introduced. However, efforts have

recently been made to find alternative ways as some

postharvest fungal pathogens have become more resistant

to the few approved fungicides; and the consumer demand

for not only high quality but also harmless fruit and veg-

etables has lately increased (Gatto et al. 2011). Natural

preserving agents are currently implemented to avoid

fresh-cut’s tissue browning by preventing the activity of

peroxidase (POD), phenylalanine ammonia lyase (PAL)

and polyphenol oxidase (PPO), greatly engaged in the

enzymatic browning of fresh-cut products (Supapvanich

et al. 2012). To increase the shelf life of food products,

researchers have recently focused largely on adding the

natural antioxidants of vegetable or fruit extracts. For

example Dave et al. (2017) used edible coatings containing

soy protein isolate in combination with additives like

hydroxypropyl methylcellulose and olive oil on ‘Babugh-

osha’ pears. With the objective of utilizing agro-industrial

by-products, Todisco et al. (2018) evaluated the effects of

edible coatings containing disintegrated guava by-products

on the nutritional properties of dried red guava. The results

of Ciftci and Ozilgen (2019) showed that addition of black

carrot juice delayed lipid oxidation, and improved the shelf

life of the almond pastes. This area of research, however, is

still in its infancy and to grow fresh-cut fruit that are safe

and harmless and have a high nutritional value and sensory

quality, more studies should be done.

The researchers of this study, taking all the mentioned

issues into consideration, attempted to examine the

antioxidant activity of pomegranate by-product (PBP). In

addition to PBP, they selected three different fruit juice

[pomegranate (PJ), kiwifruit (KJ) and grape (GJ)], which

due to their phenolic and organic acid composition were of

interest for the determination of antioxidant properties and

for their contribution to the postharvest quality of fresh-cut

fruits. According to Halvorsen et al. (2002), pomegranate,

grape and kiwi had the highest antioxidant concentrations

of all the fruits and vegetables analyzed. This study tried to

offer the most significant contributions concerning fresh-

cut fruit preservation, using ‘Shahmive’ pear as the fruit

model. In parallel, their protective effect was compared

with that of chitosan (as a natural fungistatic and preser-

vative agent for the extended shelf-life of fruit products).

Materials and methods

Plant material

In September 2016, freshly harvested pears (Pyrus com-

munis L. cv. Shahmive) were obtained from a commercial

orchard in Khomeini Shahr (Isfahan, Iran) and used in this

study. Flesh firmness was used to decide pear maturity and

date of harvest. Fruits of uniform shape, colour, size and

maturity stage without any damage or visual defects were

immediately delivered to the laboratory and stored at 4 �C
for 1 day prior to processing.

Antioxidant solutions

Natural juices

To prepare natural fruit juice, three different kinds of

freshly harvested fruit (i.e. kiwifruit, grape, and pome-

granate) with no observable external cuts or spoilage were

purchased from the local market in Dorcheh, Isfahan. Ini-

tially, with clean running water, the fruits were washed.

Next, using chlorinated water (0.3 w/v), the fruits were

treated for 1 min. The fruits were then immersed in sterile

distilled water for a minute and air-dried. The juicing

processes are explained in the following: for kiwifruit, after

washing and drying, the researcher cut the fruits in halves.

Using a mixer, the endocarpus and seeds were triturated.

Then, by means of cheesecloth, the solid residues from the

liquid portion were separated. In the case of grape, the

pedicels of black grape berries are bitter and hence must be

separated before juice manufacture. The researcher added

the berries without pedicle to a mixer. The seeds were

removed by filtration. Then, glycerol (0.3% v/v) was

incorporated into the fruit juices to act as a plasticizer

(Supapvanich et al. 2012). For pomegranate, after washing

and drying, the researcher separated the peel and arils and

subsequently pressed them to get juice and seed. Juice and

solid parts were separated by means of filtration.

Pomegranate by-product extract

To prepare the extract of pomegranate, the researcher used

one of the previously tested experiments (Osorio et al.

2010). To do so, 150 g dried powder together with 750 mL

of water were placed in a flask. For 12 h, at 60 �C, the
mixture was refluxed. Next, for 15 min, the sample was

filtered and centrifuged at 3500 rpm. Subsequently the

extract with a concentration of 0.2 ppm was obtained.

Having obtained a concentration of 0.3% (v/v), the

researcher added the glycerol which acted as a plasticizer

to the concentrate.
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Fruit extracts

To obtain polyphenolic extracts of pomegranate (PE),

kiwifruit (KE) and grape (GE), the researcher followed the

procedure of Negi et al. (2003) with some modification.

Briefly, 150 mL fruit juices with 750 mL water were

placed in a flask. For 12 h, at 60 �C, the mixture was

refluxed. The sample subsequently was filtered and cen-

trifuged at 3500 rpm for 15 min. Next, the extract with a

concentration of 0.2 ppm was obtained. Having obtained a

concentration of 0.3% (v/v), the researcher added the

glycerol which acted as a plasticizer to the concentrate.

Chitosan

Dissolving 1.5 g of chitosan (90% deacetylation and vis-

cosity of 50–800) in 1% (w/v) aqueous acetic acid, the

researcher prepared a 1.5% (w/v) chitosan coating solution.

To be completely dissolved, the mixture was stirred at

room temperature overnight. Then, glycerol [0.3% (v/v)]

was added to the solution.

Pear processing and fresh-cut slice storage

To avoid surface contamination, at first, the researcher

washed the pears with chlorinated water for 5 min

(100 ppm active chlorine), rinsed them by tap water

(5–13 �C) and then air-dried the sample for about 30 min.

After peeling, based on the size of the sample, using a

sharp stainless steel knife, each pear was sliced (approxi-

mately 6–9 pieces). Once the seed cavity was removed, to

decrease the effect of browning and preserve the firmness

of the sample, all samples of pear were immediately dipped

into an aqueous solution containing 2% ascorbic acid,

0.75% N-acetyl-L-cysteine, and 1% calcium chloride for

15 min (Oms-Oliu et al. 2010). The researcher then

immersed the samples in different solutions or distilled

water (control) according to the design of the experiment at

4 �C for 2 min and then dried them at the same temperature

for 10 min. For every treatment, fresh cut pears were

packed in four individual polyethylene tray, containing 10

pieces of the fresh-cut pear in each tray and kept them at

4 ± 1 �C and 95% RH for 7 days.

Estimation of antioxidants and antioxidant activity

of juices and extracts

The content of total flavonoid (FLV) was determined using

aluminium trichloride method, according to Wang et al.

(2014). To calculate the FLV concentration, a calibration

curve (rutin as standard) was applied and expressed the

output as mg/100 mL. To measure the total ascorbic acid

(AsA) content, colorimetric method was used (see

Kampfenkel et al. 1995). In order to form a standard curve,

commercial L-Ascorbic acid was used. Spectrophotometry

was applied to define the carotenoid (CAR) content;

making use of the formula, the researcher calculated the

concentration of the sample from the absorbance of extract

at 663, 648 and 470 nm (Gunes et al. 2007). Anthocyanin

(ANT) was also extracted according to methanol contain-

ing HCl method (Alexieva et al. 2001). Using Folin–Cio-

calteu method with slight modifications, the amount of

total phenolic (TF) compounds was estimated. Measuring

the absorbance of gallic acid standards, the researcher

made a calibration curve and then quantified TF using the

given curve and expressed the results in mg gallic acid/

100 mL (Remorini et al. 2015). Based on Vinha et al.

(2014), the anti-radical ability of the sample extracts was

evaluated. However, minor modifications were made by

decreasing the absorbance of the methanolic solution of

DPPH. To do all spectrophotometric measurements, the

researcher used Schimadzu UV–VIS AA 6300

spectrophotometer.

Quality evaluations of fresh cut pears

Ascorbic acid

A slightly modified version of the method used by

Kampfenkel et al. (1995) was applied to measure the total

AsA content. In 1 mL of cold 6% (w:v) trichloroacetic acid

(TCA),the researcher homogenized 0.1 g of frozen ground

pear. Then, at 4 �C, for about 15 min, the homogenate was

centrifuged at 16,000g. Next, 200 lL of supernatant was

mixed with 600 lL of 0.2 M phosphate buffer (pH 7.4),

200 lL ddH2O, 1 mL 10% TCA (w/v), 800 lL 42%

H3PO4 (v/v), 800 lL 4% 2,2-bipyridyl (w/v), and 400 lL
3% FeCl3(w/v). After further incubation at 42 �C for

40 min, the researcher measured the absorbance at 525 nm.

Using an AsA standard curve, the AsA content in seed

samples was obtained.

Titratable acidity (TA) and total soluble solids content

(TSS)

Using a blender, the researcher crushed three slices of pear

from each repetition (Moulinex, Barcelona, Spain) and

used the resulted juice to specify TSS and TA. Using a

refractometer (Atago, Japan), at 20 �C, TSS was obtained

and expressed that in �Brix. TA value was also calculated

by titrating 10 mL of juice with 4 g L-1 NaOH to an 8.1

pH endpoint. TA was calculated as g of malic acid per

100 mL juice.
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Firmness and weight loss

Making use a texture analyzer (TA-XT2i, Godalming, UK)

equipped with a probe (5 mm in diameter and a penetrating

depth of 10 mm), the researcher calculated the maximum

puncture force on slices (midpoint between endocarp and

skin). Firmness was expressed in Newton (N). Te weight

loss at different storage times was also measured and cal-

culated that using the equation below:

weight at day 0� weight at dayNð Þ
weight at day 0

� 100

where N is the number of storage days. The results were

reported as the percentage loss of initial weight.

Color measurement

The researcher directly measured the color [CIE L*(light-

ness) and a*(- green to ? red)] in a total of 3 locations.

To do so, ColorFlex colorimeter (Hunterlab, VA, USA)

was used. The color was measured on both cut surfaces of

each piece; to make sure that color readings were repre-

sentative of each piece, the mean value was obtained. The

results were reported as L* and a* values.

Peroxidase (POD) and polyphenol oxidase (PPO) activity

determination

Slightly modified version of the method suggested by Liu

et al. (2007) was used to extract POD and PPO. Conse-

quently, 2 g frozen flesh was homogenized with 10 mL of

ice-cold 50 mM sodium phosphate buffer (pH 7) having

0.2 g of polyvinyl polypyrrolidone (PVPP) and powdered

at 4 �C. Centrifuging the homogenate was then done at

15,0009g for 30 min at 4 �C; for the enzyme assay, the

supernatant was used.

The changes in the absorbance at 470 nm were the basis

to assay POD activity (Chen et al. 2017). 2.8 mL of sub-

strate solution and 50 lL of the enzyme extract were

inserted in the reaction cuvette. The substrate solution

included 20 mM guaiacol and 25 mM hydrogen peroxide

that were dissolved in 50 mM sodium phosphate buffer

(pH 7.0).

To determine PPO activity, every 3 mL reaction mix

included 100 lL enzyme extract, 0.1 M catechol, and

0.1 M sodium phosphate buffer (pH 6.8). At 420 nm, an

increase was observed in the absorbance (Hong et al.

2013).

Sensory analysis

Sliced pears were sensory evaluated using a hedonic scale

of nine points. Number 9, 7, 5, 3, and 1 indicated excellent

(just sliced), very good, good, (limit of marketability), fair

(limit of usability) and poor (inedible), respectively. Fruit

were evaluated using twenty untrained judges. Panelists

assessed the combination of pear slices covered with nat-

ural juice or extracts. Color, aroma, texture, flavor, and

overall acceptability were evaluated (Xu et al. 2015).

Statistical analysis

A complete randomized design was used in this study.

Inferential statistics including ANOVA and LSD (95%

confidence interval) was used to analyze the effect of

antioxidant solutions (treatment) and the storage time. All

statistical analysis was defined to be significant if p\ 0.05.

Results and discussion

Natural antioxidant composition

Table 1 summarizes the contents of CAR, ANT, TF, FLV,

AsA and anti-radical ability of sample extracts and juices.

Based on the results of the study, all juices under investi-

gation showed noticeable amounts of phenolic compounds.

The highest TF was observed in PBP’s extract. PJ had the

highest ANT. The highest total CAR was seen in GJ and

PJ. The highest FLV content was recorded in KJ. The FLV

and AsA contents of GJ were higher than those of juices

prepared from other fruits. In general, prepared extracts

had lower content of phenolic compound than juices. The

extract of PBP was characterized by the presence of phe-

nolic compounds and anti-radical ability (DPPH) and the

absence of AsA and ANT. In comparison to the contents of

grape juice extracts, DPPH radical-scavenging activity and

TP content of KE and PE were almost twofold higher.

Based on these data, differences in the TFs of the fruit

extracts under investigation were significant. Under the test

conditions, natural juices and extracts with higher total

phenolics contents, namely PJ and PBP, had the uppermost

antioxidant activity (%DPPH), in comparison with other

treatments including the control one. As a variety of phe-

nolic compounds and their derivatives are present in dif-

ferent plant species, the researchers expected variations in

the total amount of phenolics in the tested fruit juices. The

level of these compounds in the peels or the non-edible

parts of fruits was significantly higher than that in the

edible sections (aril juice). These findings were in line with

the results of Orgil et al. (2014).
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Characterization of pear cuts

Ascorbic acid content

Table 2 shows the AsA content of the ‘Shahmive’ pear

tissues. These data were collected immediately after

treatment, and 3 and 7 days of cold storage. Initially, AsA

concentration was approximately 0.053 mg/g fruit. As was

expected, due to AsA content of the treatments, AsA

concentration of all samples significantly increased in

throughout 3 days at 4 �C. Nonetheless, this increment was

not seen at 4 �C after 7 days, in pear slices. The AsA

content of all fruit slices except PJ ? KJ and KE treated

slices dropped to endogenous control levels. As a general

antioxidant and the main nonprotein reductant for redox

homeostasis in plants, ascorbic acid performs a significant

role. In general, PJ, PJ ? KJ or KE treated slices contained

higher contents of AsA than other treatments or control.

This result can be attributed to the high antioxidant activity

of these juices or extracts. Vitamin C decrease over time

looks to be mainly because of oxidation. Thus, antioxidant

treatment can inhibit the progress of such deterioration,

thereby resulting in a fresh-cut product having a final AsA

content as high as fresh fruits (González-Aguilar et al.

2008). Once chitosan film was applied, vitamin C deteri-

oration could not be avoided. Recently, researchers have

found a new tocopherol analogue (tocomonoenol) in the

kiwifruit. The remarkable role of tocomonoenol in the total

antioxidant activity of kiwifruits has been studied (Sârbu

et al. 2012). Although not measured in our study, it is likely

that the tocomonoenol well interacts with hydrophilic

compounds (namely vitamin C and phenolic compounds)

present in the fruit juice, resulting in an increase in its

antioxidant activity.

Total soluble solids and titrable acidity

TSS values (Table 2) fluctuated from 0 to 7 days, and

decreased in the later storage time. The control samples

and PJ ? GJ, PE and GE treated slices had significantly

lower TSS value than other samples and GJ ? KJ sample

showed different trends during the first 3 days. TSS was

significantly more in KJ, PJ ? KJ or KE treatments than in

pomegranate-coated (PJ, PE, PBP) or grape-coated (GJ,

GE, PJ ? GJ) fruits once the experiment came to an end.

As can be seen in Table 2, within the first 3 days, TA was

gradually declined and lost in all samples. On 7th day, the

TA values of GJ, PJ ? GJ, GE or KE-treated fresh-cut

pears was greatly higher than the values of untreated

samples (Table 2). Moreover, TA values of pears examined

instantly after treatment and those of PJ, GJ, PJ ? KJ, PE,

PBP and chitosan-treated pears were comparable.

According to Salinas-Roca et al. (2016), in a number of

treatments, when the researchers dip the fruit pieces into

the given solution, sugar lixiviation may decrease the TSS

parameter in fresh-cut fruits. On 7th day, TSS content of

various fresh-cut pears increased, except the samples sub-

jected to the GJ ? KJ or PBP treatments. To explain the

results, we can refer to the post-harvest preserving condi-

tion and continuation of acid metabolism as a result of fruit

ripening and senescence, by transforming starch and acids

to sugars to be used in metabolism. These results revealed

that, in comparison with other coated fruits, glucose

metabolism rapidly progressed in control, PE, PBP or

chitosan treated fruits, as reported by Hashemi et al.

(2017). The low respiration of pear slices can be the reason

of the high content of TA as organic acids are, with sugars,

respiratory substrates (Silveira et al. 2013). Similar result

was reported in the previous studies, in which TA value

Table 1 The total ascorbic acid, flavonoid, anthocyanin, carotenoid and phenolic content and related total antioxidant capacity determined as

%inhibition of DPPH of used natural juices and extracts

DPPH

(%)

Ascorbic acid

(mg/mL)

Flavonoid (mg RUT/

100 mL)

Anthocyanin (lg/
100 mL)

Carotenoid (lg
100/mL)

Phenolics (mg GAE/

100 mL)

Pomegranate juice (PJ) 84.9a 0.11de 63.40ab 177.50a 91.50a 108.36b

Kiwifruit juice (KJ) 40.65c 0.210b 74.65a 52.00d 36.25cd 53.82d

Grape juice (GJ) 35.38c 0.12d 16.27d 9.00f 99.00a 30.66e

PJ ? KJ (1:1) 71.55b 0.24a 72.55a 104.50b 52.25bc 77.95c

PJ ? GJ (1:1) 63.67b 0.23a 40.21c 76.00c 72.00ab 67.46cd

GJ ? KJ (1:1) 43.70c 0.17c 43.74c 30.50e 41.50c 22.87e

Pomegranate extract 20.34d 0.09ef 11.52d 1.50fg 7.10e 33.15e

Grape extract 10.17d 0.09ef 10.85d 00.00g 7.25e 10.99f

Kiwifruit extract 19.84d 0.09f 10.17d 00.00g 9.75de 21.32ef

Pomegranate by-

product extract

93.61a 0.03g 54.99bc 4.50fg 57.75bc 127.51a

Data followed by the same letters are not significantly different at 5% level of probability using least significant differences test
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was mostly constant in fresh-cut pears during the storage

time and coating generally helped to retain the TA of fruit

similarly to that provided by the controlled atmosphere

preventing gas exchange (Xu et al. 2015). Barrier proper-

ties of the edible coatings can decrease the surface per-

meability of fruits to O2 and CO2, result in enhancement of

the CO2 concentration of fruit tissues and the O2 concen-

tration reduction, which, in turn, prolongs the shelf life of

fruits (Vargas-Torres et al. 2017). Antioxidant coatings that

resulted in higher TA, were less permeable to O2 and CO2

than others. Thus the application of such coating could

retard the ripening process in pears.

Firmness and weight loss

Untreated fruit did not significantly lose their firmness

during seven days of shelf-time. Slices from the control

were significantly firmer after 7 days at 4 �C than GJ ? KJ

coated slices while the samples subjected to KE treatment

had the highest firmness throughout the whole storage time

(Table 2). Table 3 shows that all samples experienced a

gradual loss of weight during the storage. Different

antioxidants did not affect pear slice weight loss just after

the processing (day 3). After 7 days, the weight loss of all

samples largely increased and the PJ ? KJ, PJ ? GJ or

GJ ? KJ coated treated fruit and the control group com-

pared to the other treatments lost significantly more weight.

On 7th day, pears in the control group incurred 8.81%

weight loss while 3.44% loss of weight was observed in the

fruit coated with PE. Similarly, treating with PJ could well

preserve the appearance of pear slices. With respect to

quality parameters, TSS and firmness decreased and weight

loss increased for all control and treated pears after storing

for 7 days at 4 �C although we found that pears treated

with PJ or KE had the highest quality, which indicated a

lower metabolism (lowering production of ethylene and

rate of respiration). It must be noted that each treatment

had diverse pathways to increase quality. The content of

TSS in the fruit treated with kiwifruit-based antioxidant

(KJ, KE or PJ ? KJ) was the highest whereas the weight

loss of the pomegranate treatments (PJ, PE or PBP) was the

least. After processing, treated pear slices, except those

subjected to PJ ? GJ, GJ ? KJ and PBP treatments, were

firmer than untreated pear pieces. The pectin gradual

worsening of the cell wall and the starch hydrolysis to

sugar usually lead to fruit softening (Vargas-Torres et al.

2017). Salinas-Roca et al. (2016) stated that the firmness

loss of the minimally processed mango coated with algi-

nate decreased in their study. Likewise, other researchers

(e.g. Ghidelli et al. 2014) found similar findings in other

fruits and vegetables like strawberry fruits coated with

lemon extract and fresh-cut eggplant coated with soy pro-

tein–cysteine based edible coating.T
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Colour

The browning potential of the control and treated groups is

shown in Table 4. Measured by L* value changes

throughout storage at 4 �C, pear slices treated with PJ,

PJ ? KJ or GJ ? KJ significantly revealed cut surface

discoloration. No significant differences were seen between

the treated and untreated samples except pears subjected to

the PJ, PJ ? KJ or GJ ? KJ treatment once the experiment

came to an end. Concerning a* values, compared to all

other treatments, pear slices treated with PJ, PJ ? KG and

GJ ? KJ received significantly higher a* values immedi-

ately after cutting (day 3). These results were in line with

the corresponding L* values. However, while a* values for

the control and some coated samples gradually rose, a*

values for KJ, PJ ? GJ, GE, PBP and chitosan treated

samples were rather constant to the end of storing. Only a*

values of PJ treated pears were positive indicating that the

browning effect was progressing while the values of

PJ ? GJ, GE and chitosan coated slices slightly increased

reflecting their yellow-greenish colour. Based on these

results, researchers can well hinder the enzymatic brown-

ing of fresh cut pears using KJ, PJ ? GJ, GJ and chitosan

treatments. Using pineapple extract dip, Supapvanich et al.

(2012) could successfully stopped the browning of fresh

cut rose apple fruit. Chaisakdanugull et al. (2007) indicated

that the browning of banana pulp could be slowed down

using pineapple juice dip due to hindering PPO activity.

Similarly, natural antioxidant preservative may preserve

natural pigments of pear including carotenoids which are

confined in the cells, thus avoiding the oxidation during

storing time (Salinas-Roca et al. 2016). The positive value

of a* and a decrease of L* value in PJ treated slices may be

due to the deterioration or polymerization of anthocyanins

at high temperatures indicating a fading of the typical red

color of PJ. Consequently, the juices’ color looked

browner.

Peroxidase and polyphenol oxidase activity

POD activity was not significantly affected by various

treatments during the first 3 days (Table 5). Nonetheless,

the control samples had significantly higher POD activity

than other samples after 7 days at 4 �C. Again, antioxidant
coating generally helped to retain POD activity of fruit

similar to that measured in raw materials. POD activity of

the control was similar to that of the fruits coated with

chitosan whereas the pears coated with PJ ? KJ, PJ ? GJ

or KE had the lowest POD activity. The PPO activity of the

fruit subjected to different treatments is reported in

Table 5. Compared with fresh sliced fruit

(8.2 U g FW-1 min-1), PPO activity of PE or PBP coated

or control fruits significantly increased at the beginning of

the storage. Concerning the untreated fresh-cut pear, when

the experiment came to an end, the PPO activity reached

123.2% of the initial value. PJ ? GJ, KE or chitosan

treatments greatly prevented the rise of PPO activity; the

maximal values obtained were only 39.0, 42.7 and 25.6%

of that obtained in control groups (day 0), respectively.

In this research, POD activity was lower in treated fruit

than in controls suggestive of lesser oxidative stress during

this period. Our findings were in line with the results of

Chauhan et al. (2011) noting that coated apples displayed

decreased POD activity. Investigating apples treated with

shellac and aloe-gel-based surface coatings, they found that

an increase in the respiration, as a result of cutting opera-

tion, could possibly induce these enzymes. In response to

the stress created by the wounding process, in the form of

cutting, PPO is activated. PPO catalyzes the oxidation of

phenols to o-quinones, involved in the formation of poly-

meric dark-colored pigment deposits. During storage,

samples registered decreased in L* value that is associated

with the higher susceptibility to enzymatic browning

(higher PPO levels) than others. Compared to the control,

the low PPO activity suggested that the application of

natural preservatives could effectively prolong the shelf

life and preserve the quality of fresh-cut pear pieces during

storage. Investigating chitosan, enriched with rosemary

extract, Xiao et al. (2010) also found similar findings

indicating that PPO activity of the fruit decreased and the

browning reactions of the minimally processed pear were

inhibited.

Table 3 Changes in weight loss (%) of fresh-cut pears of twelve

treatments during 7 days at 4 �C

Treatment Time (days)

3 7

Pomegranate juice (PJ) 1.09h 3.55g

Kiwifruit juice (KJ) 1.13h 7.03cd

Grape juice (GJ) 1.66h 5.56f

PJ ? KJ (1:1) 1.96h 8.00bc

PJ ? GJ (1:1) 1.60h 8.00bc

GJ ? KJ (1:1) 1.16h 9.44a

Pomegranate extract 1.29h 3.44g

Kiwifruit extract 1.69h 5.59f

Grape extract 1.78h 7.03cd

Pomegranate by-product extract 1.05h 5.29f

Chitosan 1.36h 5.84ef

Control 1.32h 8.81ab

Data followed by the same letters are not significantly different at 5%

level of probability using least significant differences test
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Sensory evaluation

After seven days of storage, better results were obtained for

flavor for PJ ? GJ, GJ and KE-coated pears (Fig. 1). The

maximum overall acceptability value was reached by fresh-

cut pear in PJ ? GJ followed by GJ and KE, associated

with the above-mentioned point regarding flavor. It should

be pointed out that although lower scores were obtained for

aroma in chitosan-coated pears, judges did not describe that

as the presence of an off-flavor. Concerning color pear

cuts, GJ ? KJ and PJ-treated were the lowest-rated sam-

ples while KE and PJ ? GJ antioxidants possibly devel-

oped color properties of fresh cut fruits during the storage.

Texture is the main sensory quality attribute in fresh-cut

fruits. According to panelists, all pear cuts (control and

coated) enjoyed good texture and aroma after eight days of

storing ([ 5 on a scale of 1 [definitely dislike] to 9 [defi-

nitely like]). Antioxidant treatments were effective in

preventing fungal infection of pear slices. It has been

indicated that using natural juice or extracts as preservative

agents greatly influence the sensorial characteristics and

consequently acceptability by consumers, which should be

the focus of attention (Hashemi et al. 2017). Among the

articles assessing the effect of fruit juices on the sensory

quality of fresh-cut products, Silveira et al. (2013) com-

pared untreated and pineapple, grape or apple juice treated

fruit and concluded that fresh-cut melon in pineapple juice

reached the uppermost overall quality. The effect of PJ ?

GJ, GJ and KE treatment on maintaining the quality of pear

slices may be because of their influence on the prevention

of O2 diffusion and in turn, TA reduction and weight loss.

The quality properties of pears might be related to their

ability to reduce oxidative stress (low POD activity).

Conclusion

By investigating three different fruit juice and extract, we

concluded that it is possible to substitute the synthetic

compounds with preservatives safer for man and environ-

ment. We found that compared with the control, those

fruits coated with KE and PJ ? GJ had the highest TA and

sensory perception after 7 days at 4 �C. Other treatments

such as PJ ? KJ and GJ were also effective in maintaining

the acidity and sensory perception. KE treated slices

exhibited higher AsA concentration, TSS content and

firmness and lower POD and PPO activity than others.

PJ ? GJ treatment decreased POD and PPO activity and

improved L* and a* values in the slices. Therefore, water

extract of kiwifruit and combination of pomegranate and

grape juices can be regarded as a safe alternative way to

prolong the postharvest shelf life of fresh cut pears. Juices

and extracts from different fruits exhibited the incidence

and growth of fungi on the surface of the pear slices. The

0
1
2
3
4
5
6
7
8
9

PJ

GJ

KJ

PJ+GJ (1:1)

GJ+KJ (1:1)

PJ+KJ (1:1)

GE

PE

KE

PBP

Chitosan

Control

aroma colour general acceptance texture flavorFig. 1 Sensory characteristics

of fresh-cut pears of different

treatments stored for 7 days at

4 �C. Values represent the
means of the replicates (n = 4).

Control: untreated pear slices;

PJ, GJ and KJ: pear samples

coated with pomegranate, grape

and kiwifruit juice, respectively;

PE, GE and KE: pear samples

dipped into extract solution of

pomegranate, grape and

kiwifruit, respectively; PBP:

pear samples treated by

pomegranate by-product

extract; Chitosan: pear samples

treated by chitosan (1.5%)
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results obtained in this research could be advantageously

used by industry as a request of consumer demand for

pesticide-free food. Even though antioxidant features of the

extracted phenolics in PBP were notable (96% inhibition of

DPPH), this coating formula can not be considered as a

good preservative because of the low quality attributes of

the treated pears. The feasibility of PJ or GJ ? KJ as new

edible antioxidant coatings was not totally ensured because

of the low sensory scores that were near the limit of

rejection. More studies, however, should be done to

understand how microorganisms grow and what physio-

logical mechanisms may help to preserve the quality in

these treatments. In the present study, a simple direct

relationship between the antioxidant content of juices or

extracts and the related activities to postharvest quality was

not found.
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