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Abstract This research aimed to extend the postharvest

shelf life of Royal Gala apple during cold storage and

maintain its market value in simulated retail conditions.

Apples were treated with hypobaric pressure (50 kPa for

4 h) followed by 1-MCP (0.5 lL L-1, 0.7 lL L-1, and

1.0 lL L-1) treatment for 24 h individually and in com-

binations, stored at (1 ± 1 �C, 85 ± 3% RH) for 120 d and

analyzed for different quality parameters (Peel color,

firmness, weight loss, TSS, acidity, ethylene production

rate, and respiration rate) at each 30 d interval, followed by

a 20 d simulated retail condition at 20 ± 3 �C with 4 d

interval. Results indicated that all 1-MCP concentrations

were more effective in retaining quality compared to

individual hypobaric treatment. However, a synergistic

effect was observed by combining 1-MCP with hypobaric

treatment. Among the combined treatments, 1.0 lL L-11-

MCP ? 50 kPa more effectively and significantly retained

quality during cold storage. Furthermore, the apples were

more juicy, tasty, and attractive in color than others in

simulated conditions. Addition of hypobaric treatment to

1-MCP might reduce endogenous ethylene in fruit by

outward diffusion and blocking further ethylene synthesis

by the action of 1-MCP. However, in-depth study is

required for further understanding the phenomena.

Keywords Apple � Hypobaric treatment � 1-MCP �
Ethylene � Fruit storage

Introduction

Royal gala is an important apple cultivar of Pakistan and is

highly preferred due to its unique physical and excellent

nutritional qualities (Ullah et al. 2021). Apple is a cli-

macteric fruit and usually harvested at optimum maturity.

At ambient temperature the storage life of apple is limited

to 2–3 weeks (Wu et al. 2021). Like other climacteric fruit,

postharvest increase in ethylene limits apple shelf life by

promoting ripeining and senecsence. During ripening,

softening of cell wall leads to increase in sugars concen-

tration and decrease in organic acids, which adversely

affects postharvest quality of apple fruit (Wei et al. 2010).

Postharvest fungal attack and poor postharvest manage-

ment in developing countries are the major factors in

limiting fruit shelf life (Khalil et al. 2019). Around 30–40%

losses occur during the postharvest supply chain of fresh

produce (Bordoh et al. 2020). In addition, due to low

quality, fruit do not satisfy consumer requirement in retail

(Shukla and Jharkharia 2013). To control ethylene pro-

duction, which is the major contributor of postharvest

decay of the fruit, different strategies like chemical meth-

ods, biological products, Physical treatments, heat,

including hot air and hot water treatments, microwave,

radiofrequency, UV-C light and gaseous treatments have

all been tested (Zhang et al. 2018).

Among gaseous treatments, 1-Methylcyclopropene (1-

MCP) has been tested globally for ethylene inhibition in
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most of the climacteric fruits like apple. 1-MCP encounter

ethylene receptors and block ethylene dependent response,

resulting in decreased respiration rate leading to increase in

the storage life of fruit, However, to increase the ethylene

inhibition efficiency of 1-MCP, it should be combined with

other postharvest techniques like cold storage, control

atmosphere, low oxygen storage systems (Radenkovs and

Juhnevica-Radenkova 2018). Moreover, the response of a

recently emerging strategy hypobaric treatment (pressure

below 101 kPa) has not been elucidated in combination

with 1-MCP (Huan et al. 2021). Hypobaric treatment

(25 kPa for 30 min) demonstrated promising results in

retention of TSS, firmness, weight loss and total phenolics.

Similarly, hypobaric treatment was also effective against

fungal decay in strawberries, sweet cherries and

table grapes. Furthermore, it has been observed that timing

and length of application manipulate the efficacy of

hypobaric treatment (Hashmi et al. 2016). Moreover,

treatment for 6 h mitigates the effectiveness of hypobaric

treatment against fungal decay in strawberries as compared

to 4 h. Currently, studies on the efficacy of hypobaric

treatment as a hurdle technique as well as on apple storage

and shelf life is limited. Therefore, the objectives of this

research were to (1) determine the effectiveness of hypo-

baric treatment in improving storage life of apple (2) find

the integrated effect of 1-MCP and hypobaric treatments on

the storage life of apple fruit (3) investigate the effect of

1-MCP and hypobaric treatment on sensory attributes of

apple fruit in simulated retail conditions.

Materials and methods

Fruit source

Royal gala apple at optimum maturity with TSS

(10.80–11.00), peel color (80–82) h� and firmness (75–80)

N, were picked from orchard in Swat, Khyber Pakh-

tunkhwa, Pakistan and shifted to the postharvest lab

Department of Food Science and Technology, The

University of Agriculture Peshawar-Pakistan. Where,

bruised, immature and diseased fruit were discarded, and

only uniform sized sound fruit without any defects were

selected.

Treatments

Total 792 apple fruit (360 for cold storage and 432 for

simulated retail study) were selected for experiment.

Treatments consists of hypobaric treatment (50 kPa-4 h),

three concentrations (0.5, 0.7, 1.0 lL L-1) of 1-MCP, and

combination of hypobaric and 1-MCP treatments such as

(0.5 lL L-11-MCP ? 50 kPa), (0.7 lL L-11-MCP ? 50

kPa) and (1.0 lL L-11-MCP ? 50 kPa) while untreated

fruits were used as control. These fruits were packed in

polystyrene clamshells stored at 1 ± 1 �C RH (85 ± 3) %

for 120d and analyzed for different physical and chemical

properties at 30 d interval. After the completion of this

period, the selected fruit were transferred to simulated

conditions at 20 ± 3 for 20d and organoleptically evalu-

ated at a gap of 4 days. All analysis was made in triplicates

and the entire experiment was repeated however, data of

the first experiment were presented due to similarity in

results.

Hypobaric treatment

Fruit were subjected to hypobaric treatment (50 kPa-4 h)

and the hypobaric pressure was generated according

reported method of (Hashmi et al. 2016). Pressure was

generated in an automatic chamber with a fixed vacuum

pump. apple clamshells were placed in the chamber for 4 h

and pressure was set to 50 kPa in display with accuracies

of 10 at room temperature 20 �C while fruit kept for the

same time at the same ambient temperature at pressure of

101 kPa were treated as control.

1-MCP treatment

The 1-MCP treatment was carried out following method of

(Breitel et al. 2016) with slight modifications. Gently

0.82 g of 1-MCP powder (0.14% active ingredient) was

added to the 1,000 mL of volumetric flask. Additionally,

50 ml of distilled water was injected into the closed flask

and shaken to release the 1-MCP gas to make stock solu-

tion of 1-MCP. Apple were placed in tin containers which

were sealed airtight to prevent gas leakage. Gas with a

concentration of 8, 11.2, and 16 mL from stock solution

was injected to six containers 16 L each which give a

concentration of 0.5, 0.7, and 1.0 ppm 1-MCP respectively,

to the apples. Treatment was given to the fruit for 24 h at

20 �C.

Fruit quality assessment

Weight loss

Initially, all fruits were weighed at ambient temperature

using 0.001 g accuracy balance (Adam USA). These fruits

were re-weighed at each interval and final weight was

subtracted from initial. The data was calculated in per-

centage according to (Hashmi et al. 2016).
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Firmness

Firmness of the fruit were determined through Penetrom-

eter (Lutron FR-5120 Enterprises, Taiwan) using 11 mm

hard fruit probe. The fruit were peeled on both sides 1 mm

deep through a stainless-steel fruit peeler. The probe was

inserted from both peeled sites and data was recorded in

Newton (N) following method of (Hashmi et al. 2016).

Total soluble solids

Total soluble solids were examined by Digital refrac-

tometer (Atago, Japan) using standard method of Kulcu

(2018).

Titratable acidity

Titratable acidity was determined by taking 10 ml sample

from 100 ml ten-time diluted apple juice. The samples

were titrated against 0.1 N NaOH solution and values were

noted at appearance of light pink color using well exam-

ined method of Kulcu (2018).

Peel color

Fruit color was determined in L*a*b*c*h* mode, using a

colorimeter PCE-CSM 2 (PCE.

Instruments, Meschede, Germany). Firstly, the equip-

ment was calibrated with white and black tiles. Apple color

was recorded in h* by placing the aperture of colorimeter

on apple in middle from two sides. The final readings were

recorded in h* with difference noted in initial data of first

day and final in apple peel color as mentioned by Kulcu

(2018).

Ethylene production

Ethylene production was determined by gas analyzer F-900

(Felix Instruments, USA). Three apple fruits were placed in

a wide air-tight jar (1 L), and air sample was taken from

the jar with in first few seconds using 10 cc syringe.

Similarly, another sample was taken after one hour and

ethylene production rate (C2H4 kg-1 h-1) was calculated

using the formula used by Lerud et al. (2019).

Respiration rate

The method of Hashmi et al. (2016) with slight modifica-

tion was followed for determination of respiration rate.

Respiration rate was determined from rate of CO2 pro-

duction from the same fruits used for ethylene production.

CO2 production was measured by gas analyzer (F-

900(Felix Instruments, USA)).

Sensory evaluation (overall acceptability)

The sensory evaluation was performed in simulated retail

chain after 120d of cold store by 10–12 trained sensory

panel of age (15–60) years. Panelists were given white

sheets to rate apple sensory parameters (color, mouthfeel,

crispiness, taste, aroma) according to a 1–9 points hedonic

scale where, 1 stand for extremely dislike and 9 for

extremely like according to method of Escribano et al.

(2016).

Statistical analysis

The obtained data were statistically analyzed by two fac-

torial completely randomized design (CRD) using statistix

8.1 software. Similarly, LSD test was carried out to

determine the mean difference at 5% significance level.

Results and discussion

Ethylene production rate

Ethylene production in 1-MCP treated fruit was low as

compared to control and 50 kPa treated fruit during storage

(Fig. 1a). Hypobaric treatment combined with 1-MCP

(1.0 lL L-1) effectively delayed ethylene production than

individual application of each 1-MCP and 50 kPa treat-

ment. 1-MCP treated fruit observed a significant

(P\ 0.05) decrease in ethylene production from 30 d till

end of storage. Likewise, Mattheis et al. (2005) observed a

similar trend in ethylene production of 1-MCP treated Gala

apple. Previously, hypobaric treatment reduced ethylene

production in loquat and Chinese berries (Chen et al.

2013). As previously speculated that low pressure removes

endogenous ethylene from fruit through outward diffusion

(Hashmi et al. 2016; Huan et al. 2021). This might explain

the production of less ethylene in hypobaric treated apple

in this study. Furthermore, 1-MCP application was found

more effective after hypobaric treatment, because less

internal ethylene (Hashmi et al. 2016) in hypobaric treated

fruit might have promoted 1-MCP to bind more strictly

with free receptors and reduced ethylene synthesis effec-

tively as observed in this study (Fig. 1a).

3.2 Respiration rate

As the storage time progressed increase in respiration rate

was recorded in control and 50 kPa treated samples. CO2

production in 1-MCP treated fruits were very low as

compared to control and 50 kPa treated fruit. However,

50 kPa treatment were better in control of respiration rate

than untreated fruits (Fig. 1b). The combine application of

J Food Sci Technol (November 2022) 59(11):4221–4229 4223

123



1-MCP especially (1.0 lL L-1) and 50 kPa were more

effective in controlling respiration rate and significantly

(P\ 0.05) maintained it throughout storage duration

(Fig. 1b). Respiration continues in fruit even after har-

vesting therefore, ripening proceeds and results in senes-

cence of the fruit (Tano et al. 2005). In our study 1-MCP

reduced ethylene production which ultimately decrease

respiration rate, as previously reported that Ethylene, being

a ripening hormone in fruits involved in gene expression

that control metabolic pathways of reactions such as res-

piration (Pech et al. 2012). Similarly, Mattheis et al. (2005)

observed the same trend in CO2 production in 1-MCP

treated Gala apple and reported that lower ethylene pro-

duction in Royal gala apple directly decreased respiration

rate. The best results here in augmented 1-MCP (1.0 lL

L-1) and 50 kPa treated fruit might be linked with lower

ethylene production by 1-MCP and removal of auto cat-

alytic ethylene during hypobaric treatment (Hashmi et al.

2016). So, in their integration 1-MCP might more effec-

tively controlled respiration by strictly binding with free

receptors in hypobaric treated apple.

Weight loss (%)

Increase in weight loss was observed in all treated and

untreated samples during cold storage (Fig. 2a). Impor-

tantly, 50 kPa has slight but significant effect (P\ 0.05)

on weight loss of apple as compared to control. While all

three concentrations of 1-MCP retained maximum reduc-

tion in weight loss as compared to 50 kPa and untreated

fruits. Similarly, among different concentrations 1-MCP

(1.0 lL L-1) was found more effective in control of weight

loss during storage (Fig. 2a).

Post harvest increase in respiration leads to increase in

transpiration resulting in water loss from the fruit (Kabir

et al. 2020). Similarly, Neuwald et al. (2009) reported only

2.6% weight loss in 1-MCP treated apple during 5 month

storage. In addition, Błaszczyk and Gasparski (2019)

observed that 1-MCP effectively controlled weight loss in

apple for 6 months in cold storage. Like our study, Hashmi

et al. (2016) also observed no weight loss in strawberries

during hypobaric treatment. The benificial effect of low

presuure treatment in controlling weight loss in apple

might be linked with less transpiration from apple fruit due
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to low respiration.The combined treatment increased the

firmness and reduce all degradative reactions which could

lead to production of simpler compounds and high water

content providing a chance for more evaporation and

weight loss (Kabir et al. 2020).

Firmness (N)

Firmness plays a vital role in the eating quality of apple

(Hashmi et al. 2016). Firmness of all treated samples and

control decreased with storage. Hypobaric treatment

(50 kPa for 4 h) had a slight effect on keeping the fruit firm

as compared to all three concentrations of 1-MCP. Simi-

larly, 50 kPa integrated with 1-MCP (1.0 lL L-1) maintain

the highest firmness (P\ 0.05) in apples during storage

(Fig. 2b).

Previous research reported a little or no impact of

hypobaric treatment on firmness of peach fruit (Song et al.

2016). In fact, hypobaric treatment induces hermetic stress

in delicate fruits such as strawberries (Hashmi et al. 2016).

However, the same stress is not likely to produce in the

hard-peeled apple fruit. Błaszczyk and Gasparski (2019)

observed high firmness in 1-MCP treated apples. The

higher firmness of (50 kPa ? 1-MCP 1.0 lL L-1) treated

apples might the result of reducing degradation of complex

carbohydrates because of low catabolic break down.

Total soluble solids (�Bx)

All 1-MCP treated fruits and 50 kPa ? 1-MCP 1.0 lL L-1

maintained TSS as compared to control and 50 kPa treated

fruits (Fig. 3a). Our results supported with the findings of

Bai et al. (2005) who found that 1-MCP treated signifi-

cantly maintained TSS in Royal Gala apple as compared to

other cultivars. In addition, hypobaric treatment was also

tested positive on TSS of other fruits (Huan et al. 2021).

During ripening and senescence, complex polysaccharides

and starches are converted to simple sugars results in

increasing total soluble solids content (Huan et al. 2021).

However, the combined treatment delayed factors leading

to senescence (Fig. 1a, b) and hence the TSS was

maintained.
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Titratable acidity TA (%)

One of good indicator about fruit metabolism is titrat-

able acidity during storage. Due to increase in respiration

rate in storage period, organic acids are used in TCA cycle

for cellular energy production resulting in decrease in

titratable acidity (Both et al. 2018). 1-MCP treated fruit

retained maximum TA as compared to control and 50 kPa

treated fruits. Interestingly, 50 kPa treated fruits are also

observed slightly better in retaining TA as compared to

untreated samples. However, the integration of 1-MCP

(1.0 lL L-1) ? 50 kPa retained highest acidity in storage

period (Fig. 3b). Our results are in line with the results of

Błaszczyk and Gasparski (2019) who observed significant

retention of TA in 1-MCP treated Gala apple. Similarly,

1-MCP is better in controlling reduction of acids at low

temperature (Both et al. 2018). However, Hypobaric pres-

sure-maintained acidity only in asparagus, cherries, pea-

ches, pears, tomato, Chinese bayberries, and louqat (Chen

et al. 2013). Furthermore, it has been reported that hypo-

baric treatment control increases in pH which ultimately

maintained acidity of blue berry (Li et al. 2019). The uti-

lization of organic acids for cellular energy production

might be reduced in 50 kPa treated apples due to low

respiration and further declined by 1-MCP leading to

maximum TA retention in apple.

Hue angle of apple peel (h�)

Color plays a crucial role in consumer’s sensory perception

in fruit selection. In this study, all concentrations of 1-MCP

significantly controlled color degradation as compared to

control and 50 kPa treated fruit. However increase in

concentration of 1-MCP (1.0 lL L-1) retained maximum

color of apple (Fig. 4). Considering hypobaric treatment,

50 kPa retained color but the effect was slightly significant

as compared to untreated fruits (Fig. 4). Our study are

supported by findings of Lee et al. (2016) with greater color
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retention in 1-MCP treated apple. The change in color from

green to yellow is due to degradation of Chlorophyll and

carotenoids synthesis which were inhibited by the appli-

cation of 1-MCP (Zhao et al. 2020). The property of

1-MCP to retain color of the fruit is directly linked with

lower ethylene production in 1-MCP treated fruit as pre-

vious research suggested that ethylene is involved in dif-

ferent genes expression that control fruit color (Pech et al.

2012). While hypobaric treatment control changes in color

for 15 days in Chinese bay berries (Chen et al. 2013). In

this study (1.0 lL L-1 1-MCP and 50 kPa) controlled color

changes might be the result of little degradation of

chlorophyll and less development of carotenoids and

anthocyanins in peel tissues due to suppressed ethylene

synthesis.

Sensory evaluation (overall acceptability)

Besides nutritional profile, consumer acceptability to pur-

chase a particular fruit mainly focus on organoleptic

properties like color/appearance taste, texture, aroma, and

flavor (Caracciolo et al. 2020). In this study, 1-MCP treated

fruits gained poor acceptance in first two intervals while

control and 50 kPa treated fruits were preferred in simu-

lated retail condition (Fig. 5). But later on, control and

50 kPa treated fruits loss quality attributes such as decrease

in firmness, loss of crispiness and production of fermented

flavor and were therefore discarded. The 1-MCP (1.0 lL

L-1) treated fruit alone and in integration with 50 kPa

(1.0 lL L-1 1-MCP ? 50 kPa) were accepted slowly by

the judges with the passage of time in simulated retail

chain (Fig. 5). Similarly, at last interval 1.0 lL L-1

1-MCP ? 50 kPa treated fruit treated achieved maximum

score because these fruits were juicier along with good

taste, color, and aroma.

The lower acceptability of 1.0 lL L-1 1-MCP ? 50

treated fruits in initial intervals might be due to the green

color along with hard texture and slight taste. Our results

are supported by the findings of Marin et al. (2009) they

argued that 1-MCP treated fruits suppressed aroma of the

fruit but later, consumers accepted 1-MCP treated fruits.

However, (Marin et al. 2009) emphasized that 1-MCP

treatment caused to lower aroma volatiles production,

concluding that there was no advantage for overall taste

indices in 1-MCP treated Gala fruit compared to the control

fruit. Interestingly, fruit treated with low concentration

(0.6 lL L-1) of 1-MCP were more accepted by the con-

sumers because these fruits retained more aroma as com-

pared to higher concentrations. Moreover, 1-MCP treated

fruits were very juicy and retained excellent color in

additional storage (Juhnevica et al. 2013).

Conclusion

Comparing all treatments, 1.0 lL L-1 1-MCP ? 50 kPa

treatment was found best treatment in maintaining different

quality attributes in cold storage as well as in simulated

retain chain of 20 days. Furthermore, ripening process was

still noticed on the 1.0 lL L-1 1-MCP ? 50 kPa treated

fruits after 20 days at ambient storage. Similarly, the other

concentrations of 1-MCP were also found significant alone

and in combination with hypobaric treatment. But as

compared to 50 kPa, 1-MCP treatment irrespective of

concentrations was found more effective in maintaining

quality attributes of apple fruits while, 50 kPa treated fruits

ripe quickly after control therefore it is concluded from this

study that hypobaric alone is quite poor to maintain enough

quality attributes of apple fruit during long term cold

storage therefore it should be combined with 1-MCP to
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give more pronounced results. We further concluded that

our treatment 1.0 lL L-1 ? 50 kPa increased shelf life of

apples by decreasing ripening of apples therefore it may

provide an opportunity to the farmers, stake holders or

those who involved in apples business to sell their apple

with good quality in long distinct markets to get enough

economic gain from their fruits.
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