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Effect of 1-Methylcyclopropene on Shelf-Life and Postharvest 

Qualities of Four Annona (Annona spp.) Species in Sri Lanka 
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ABSTRACT  

Annona (Annona spp.) is a tropical 

underutilized fruit with growing demand 

in both local and export markets for their 

distinct tastes and promising health 

benefits. However, vulnerability to 

postharvest damages with the short 

postharvest life of this commodity has 

significantly affected their market 

potential. The present study attempts to 

extend postharvest life while maintaining 

postharvest qualities in Atemoya (Annona 

atemoya), Bullock’s heart (Annona 

reticulata), Soursop (Annona muricata) 

and Sugar apple (Annona squamosa). 

The experiment was conducted 

according to the Complete Randomized 

Design (CRD) using four treatments. 

Fruits were treated with 0, 0.3, 0.6 and 0.9 

µL L-1 1-Methylcyclopropene (1-MCP) for 

15 hours and stored under ambient 

temperature (27±1 ˚C). Fresh weight loss, 
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firmness, total soluble solids, titratable 

acidity and peel colour changes were 

evaluated in two-day intervals. 

Fruit weight loss, firmness loss and 

concentration of titratable acidity showed 

strong positive correlation with time. 

Among the treatments, Annona fruits 

treated with 0.6 µL L-1 1-MCP reduced the 

chlorophyll degradation, fresh weight 

loss, total soluble solids and firmness 

loss. Peel colour indices L* and b* could 

be used to detect ripening of Annona. 

This study provides different 1-MCP 

concentrations that are effective to 

increase the postharvest life and 

postharvest qualities of four selected 

Annona species in Sri Lanka. 

Keywords: Annona spp., 1-MCP, 

Postharvest management, Under-utilized 

fruit. 

INTRODUCTION 

Postharvest management is the main 

quality dependent factor of any 

horticultural commodity. It includes all 

kinds of postharvest treatments. 

Freshly harvested fruits and other 

horticultural commodities undergo 

different postharvest management 

practices to increase their postharvest 

life, minimize losses and add value to 

the product (Ramady et al., 2015). 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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Worldwide fruit production is 

over about 850 million metric tons 

(FAO statistics, 2018) per year. But 

worldwide postharvest fruit losses are 

as high as 30 to 40 % and even much 

higher in some developing countries 

due to inappropriate post-harvest 

management (Ekanayake and Bandara, 

2002). Average postharvest losses of 

fruits in the South Asian region are in 

the range of 20-50% (Khalid et al., 2011; 

Gautam and Bhattarai, 2012; Wasala et 

al., 2014). 

 

Annona which is considered an 

underutilized crop in Sri Lanka, is a 

tropical fruit in the family Annonaceae 

(Ratnayake et al., 2020). Annona 

contains a remarkable amount of 

carbohydrates, proteins, fat, fibre, 

vitamins and minerals. Annona has a 

growing demand in the local and 

export market due to distinct taste and 

promising health benefits. Atemoya 

(Annona atemoya), Bullock’s heart 

(Annona reticulata), Soursop (Annona 

muricata) and Sugar apple (Annona 

squamosa) are major Annona species 

grown in Sri Lanka  (Heenkenda et al., 

2009; Dilrukshi et al., 2020). All four 

species have huge market demand, for 

both processed and fresh fruits. 

 

Family Annonaceae is classified as 

climacteric: with significant ethylene 

(C2H4) production and high respiration 

rate during fruit ripening as well as 

with short postharvest life (Prasanna et 

al., 2000). Thus, Annona shows high 

postharvest losses resulting in short 

postharvest life and poor marketable 

quality. 

 

Ethylene is well documented as 

being the ripening hormone of 

climacteric fruits (Burg and Burg, 1967; 

Bruinsma and Paull, 1984). At a certain 

maturation stage, ethylene links to its 

binding-site in the cell and promotes 

several alterations which culminate in 

the ripening and senescence of fruits 

(Lelievre et al., 1997). Such Ethylene 

actions can be blocked by some 

compounds such as 1-

Methylcyclopropene (1-MCP) which 

acts as an antagonist (Sisler and Serek, 

1997). It is a beneficial nontoxic 

commercial product, recommended to 

use as post-harvest treatment for fresh 

horticultural products over 50 countries 

to improve the postharvest life and 

qualities (Mahajan et al., 2014; Tomala et 

al., 2020). The 1-MCP can reduce the 

effect of ethylene and delay fruit 

ripening and senescence. It can greatly 

reduce the respiration rate in the fruits 

and then reduce the fruit and flesh 



Effect of 1-Methylcyclopropene on Postharvest Qualities of Annona Species in Sri Lanka 

3 
 

softening, chlorophyll degradation, 

physiological weight loss and the fruit 

decay (Tucker et al., 2017). 

 

Therefore, this study was carried 

out to evaluate the postharvest life and 

postharvest qualities of four Annona 

species (Atemoya, Bullock’s heart, 

Soursop and Sugar apple) treated with 

1-MCP. 

 

MATERIALS AND METHODS 

 

Experimental Site and Plant Materials 

 

The experiment was conducted in 2018 

under laboratory conditions at 

Sabaragamuwa University of Sri Lanka. 

 

Uniform Annona fruits (i.e. same 

size, shape) of Atemoya (Annona 

atemoya), Bullock’s heart (Annona 

reticulata), Soursop (Annona muricata), 

Sugar apple (Annona squamosa) and 

freshly harvested at horticulture 

maturity were used as experimental 

material (Figure 1). 

 

Treatment Application 

 

The treatment solution was prepared 

by dissolving powder form 1-MCP (4%) 

in NaHCO3 (10%) solvent. Then, it was 

diluted to the concentrations of 0.3, 0.6 

and 0.9 µL L-1 to be used as treatments. 

 

In each treatment, randomly 

selected fruits were exposed to the 

emitted gas of above solution in air 

tight chambers for 15-hours. Then, all 

treated Annona fruits were kept at 

room temperature (27±1˚C) for the 

observations. The experiment was 

replicated three times (four fruits per 

replicate), was arranged according to 

Completely Randomized Design 

(CRD). The observations were made in 

two days intervals. 

 

 

 

Figure 1. Annona species A: Atemoya (Annona atemoya), B: Bullock’s heart (Annona reticulata), 

C: Soursop (Annona muricata) and D: Sugar apple (Annona squamosa) used in the study.  
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Determination of Physical Parameters 

 

During the storage period, fruit fresh 

weight loss % (g kg-1) was estimated as 

follows, 

𝐹𝑟𝑒𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 % =
𝑊1 −  𝑊2

𝑊1
𝑥 100 

 

where, W1 = Initial weight of fruits (g) 

and W2 = Weight of fruits in 2, 4, 6 and 

8 days after treatment . 

 

Firmness was determined by 

using fruit firmness tester (FHP-803, 

Agriculture Solutions LLC, USA), by 

puncturing the fruits at four places in 

radial axis with the plunger and the 

required pressure was recorded (N). 

 

The colour of the fruit peel was 

determined as L*, a*, b* values using a 

colorimeter (CR-400, Minolta, Osaka, 

Japan). The colour parameters were 

represented by L* value (brightness of 

fruits) 0 (black) to 100 (white), a* value 

positive (reddish) to negative 

(greenish) values, b* value positive 

(yellowish) to negative (bluish). 

 

Determination of Chemical Parameters 

 

The Total Soluble Solid (TSS) content of 

fruits was estimated using the digital 

refractometer (ORD 85BM, Kern 

Optics). The Titratable Acidity (TA) 

was determined using the official 

method described by the Association of 

Official Agricultural Chemists (AOAC, 

2005). The results were expressed as the 

percentage of citric acid, 

 
𝑇𝐴(%)

=
[ml NaOH used] × [N. of a. ] × eq. wt. of acid

Weight of the sample (g)
 𝑥100 

where, 

Normality (N.) of alkali (a.) = 0.1 eq/L 

and equivalent weight of acid (Citric) = 

0.064.  

 

Statistical Analysis 

 

Data were subjected to correlation and 

regression analysis using SAS 

university edition and graphical 

analysis using Minitab 2018 and MS 

Excel 2013 package. 

 

RESULTS AND DISCUSSION 

 

Post-harvest Life 

 

Among the Annona species, Atemoya 

recorded the highest post-harvest life (8 

days) without treatment. None of the 

other three species were viable beyond 

6 days without treatments. Soursop and 

Sugar apple fruits were viable beyond 8 
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days only at 0.6 and 0.9 µL L-1 1-MCP 

concentrations. In contrast, Bullock’s 

heart fruits were not viable beyond 6 

days even after treatments. Therefore, 

Soursop and Sugar apple were shown a 

better response to 1-MCP treatments at 

0.6 and 0.9 µL L-1 concentrations. 

 

Fresh Weight Loss of Annona  

 

Annona is marketed as a fresh product 

based on its weight. Therefore, 

postharvest weight loss directly affects 

the farmer’s income. The highest rate of 

fresh weight loss during the 

postharvest period was recorded in 

Atemoya (30.5 g kg-1 day-1) and that was 

lowest in Bullock’s heart (18.5 g kg-1 

day-1) (Figure 2). 

 

In all Annona species, the 

application of 1-MCP significantly 

reduces the rate of weight loss. It could 

be observed as the slope difference 

between two regression lines (5.8 g kg-1 

day-1) as indicated in Figure 3. This 

could be due to irreversibly binding of 

1-MCP to the ethylene receptors and 

blocking the actions of the ethylene 

(Hofman et al., 2001). Moreover, less 

respiration and lower ethylene 

evolution rate delayed fruit ripening 

(rigid tissues) and thereby reduce the 

transpiration losses (Hofman et al., 

2001). 

 

The rate of fresh weight loss after 

harvesting at different treatment levels 

is given in Table 1.  Accordingly, weight 

loss of all four Annona species has 

shown a strong positive correlation 

with time (days after harvesting). The  

1–MCP substantially reduced the 

weight loss in all cultivars. Atemoya, 

Bullock’s heart and Soursop have 

shown the highest retardation of 

weight loss at 0.6 µL L-1 concentration 

of 1-MCP while the Sugar apple was at 

0.9 µL L-1. A slight increase in weight 

loss rate at 0.9 µL L-1 concentration was 

observed in Atemoya, Bullock’s heart 

and Soursop cultivars.  Higher 

concentrations of 1-MCP may be toxic 

to the Annona fruits and it may 

promote the decay of fruits 

(Blankenship and Dole, 2003). Greater 

weight loss in Sugar apple at 0.3 µL L-1 

concentration of 1-MCP might be due to 

an insufficient level of chemicals to 

saturate the ethylene receptors.  Feng et 

al. (2000) reported that 1-MCP 

treatment had delayed the ripening of 

avocado and their results are in 

agreement with the present study of 

Annona. 
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Figure 2. Rate of fresh weight loss after harvesting in Atemoya (closed circle), Bullock’s heart 

(open triangle), Soursop (closed triangle) and Sugar apple (open circle), Annona species. R2 

(adj) is the adjusted r squired value (Mean ±St.err; n=3). 

 

 
Figure 3. Rate of fresh weight loss after harvesting in 1-MCP treated (closed symbols) and non-

treated (open symbols) Annona species (Atemoya, Bullock’s heart, Soursop and Sugar apple). 

R2 (adj) is the adjusted r squired value  (Mean ±St.err; non- treated n=3 and treated n=9). 
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The Firmness of Annona (N) 

 

Regardless of cultivars, fruit firmness 

shows a strong negative correlation 

with time (Days after harvesting) (Table 

2). Even though 1-MCP 0.6 and 0.9 µL 

L-1 treatments were able to retard the 

firmness loss in comparison to control 

treatment (0.0 µL L-1), 0.3 µL L-1 

concentration showed some 

inadequacy. 

 

 

Table 1. Postharvest weight loss of four Annona species (Atemoya, Bullock’s heart, Sugar 

apple and Soursop) at four different 1-MPCA treatments levels (T1, T2, T3 and T4). Weight 

loss (g kg-1 of fruit fresh weight) was measured at 2,4,6,8 and 10 days after harvesting. Rate of 

weight loss is given as regression coefficient (g day-1). Correlation coefficient indicates the 

strength of the relationship between weight loss and time (days after harvesting). 

Species Treatment Regression 

coefficient 

Correlation 

coefficient 

Atemoya 1-MCP 0.0 µL L-1 (T1) -12.3 -0.94 

1-MCP 0.3 µL L-1 (T2) -13.5 -0.84 

1-MCP 0.6 µL L-1 (T3) -13.4 -0.94 

1-MCP 0.9 µL L-1 (T4) -11.3 -0.95 

Bullock’s 

heart 

1-MCP 0.0 µL L-1 (T1) -12.8 -0.90 

1-MCP 0.3 µL L-1 (T2) -12.7 -0.97 

1-MCP 0.6 µL L-1 (T3) -11.6 -0.97 

1-MCP 0.9 µL L-1 (T4) -13.9 -0.91 

Sugar 

apple 

1-MCP 0.0 µL L-1 (T1) -12.4 -0.58 

1-MCP 0.3 µL L-1 (T2) -16.7 -0.95 

1-MCP 0.6 µL L-1 (T3) -11.5 -0.88 

1-MCP 0.9 µL L-1 (T4) -10.8 -0.94 

Soursop 1-MCP 0.0 µL L-1 (T1) -15.4 -0.86 

1-MCP 0.3 µL L-1 (T2) -13.9 -0.89 

1-MCP 0.6 µL L-1 (T3) -13.0 -0.98 

1-MCP 0.9 µL L-1 (T4) -12.9 -0.95 
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Table 2. Variation in fruit firmness of four Annona species (Atemoya, Bullock’s heart, Sugar 

apple and Soursop) at four different 1-MPCA treatments levels (T1, T2, T3 and T4). Fruit 

firmness (N) was measured at 2,4,6,8 and 10 days after harvesting. Rate of firmness loss is 

given as regression coefficient (N day-1). Correlation coefficient indicates the strength and 

direction of the relationship between firmness loss and time (days after harvesting). 

 

 

 

Paull et al. (1983) have reported the 

polygalacturonase (PG) and cellulase 

(endo-1.4, β-glucanase) enzymatic 

activities on fruit softening and they 

have indicated that treatments (1-MCP) 

may have inhibited those enzymatic 

activities in the fruits. Retardation of 

firmness loss in Mango due to 1-MCP 

treatment, reported by Li et al. (2020) is 

Species Treatment Regression 

coefficient 

Correlation 

coefficient 

Atemoya 1-MCP 0.0 µL L-1 (T1) 30.5 0.95 

1-MCP 0.3 µL L-1 (T2) 27.3 0.95 

1-MCP 0.6 µL L-1 (T3) 26.6 0.95 

1-MCP 0.9 µL L-1 (T4) 26.7 0.94 

Bullock’s 

heart 

1-MCP 0.0 µL L-1 (T1) 18.5 0.94 

1-MCP 0.3 µL L-1 (T2) 14.1 0.99 

1-MCP 0.6 µL L-1 (T3) 12.4 0.97 

1-MCP 0.9 µL L-1 (T4) 13.4 0.99 

Sugar 

apple 

1-MCP 0.0 µL L-1 (T1) 26.3 0.81 

1-MCP 0.3 µL L-1 (T2) 28.4 0.98 

1-MCP 0.6 µL L-1 (T3) 23.9 0.95 

1-MCP 0.9 µL L-1 (T4) 22.6 0.99 

Soursop 1-MCP 0.0 µL L-1 (T1) 19.6 0.91 

1-MCP 0.3 µL L-1 (T2) 17.0 0.96 

1-MCP 0.6 µL L-1 (T3) 16.9 0.95 

1-MCP 0.9 µL L-1 (T4) 20.3 0.93 
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in agreement with the present study for 

Annona. 

 

Peel Colour Changes of Annona 

(a) L* Value (Luminosity Value) 

 

Change of Luminosity (L*) value of 

Bullock’s heart, Sugar apple and 

Soursop did not show any correlation 

with time. In contrast, it was positively 

correlated in Atemoya. At the time of 

harvesting L* value of Atemoya fruits 

were in the range of 52.1±0.2 and that 

was the highest at the well-ripening 

stage (82.6±6.2). The correlation 

coefficient of L* value and the time for 

T1 (0.0 µL L-1), T2 (0.3 µL L-1), T3 (0.6 µL 

L-1) and T4 (0.9 µL L-1) were 0.85, 0.85 

0.61 and 0.41, respectively. Moreover, 

regression coefficients for the 

treatments of T1, T2, T3 and T4 were 

8.8, 6.7, 4.4 and 2.5, respectively.  This 

indicates the retardation of change of L* 

value in Atemoya with the increasing 1-

MCP concentration (from 0.3 to 0.9 µL 

L-1).  

 

 (b) a* Value (Red-green Value) 

 

At the time of harvesting, a* value of all 

Annona cultivars was negative 

(Atemoya -11.6±0.08, Bullock’s heart -

10.1±1.0, Sugar apple -8.5±0.2 and 

Soursop -13.9±0.5) and it indicates the 

greenness of peel. Even though a* vale 

of Atemoya and Soursop shows a 

positive correlation (0.83 and 0.75, 

respectively) with time, a* value was 

positive only in Atemoya (4.1±0.4) at 

the well-ripening stage. This indicates 

some reddish color development in 

peel.   However, application of 1-MCP 

was unable to alter the rate of change of 

a* with respect to 1-MCP. Therefore, a* 

value may not be a good single 

indicator to detect Annona ripening.  

 

(c) b* Value (Yellow-blue Value) 

 

Positive b* value indicates the 

yellowness of fruits. However, 

yellowness (b*) of Bullock’s heart, 

Sugar apple and Soursop fruits did not 

change during the study period.  In 

contrast that showed a strong positive 

correlation with time (correlation 

coefficient of T1; 0.85) in Atemoya. The 

correlation coefficient of b* value at the 

time of  T1, T2, T3 and T4 were 0.85, 

0.79, 0.76 and 0.32, respectively. 

Moreover, regression coefficients for 

the above T1, T2, T3 and T4 treatments 

were 4.4, 2.8, 1.7 and 0.5, respectively. 

Therefore, the application of 1-MCP 

retards the development of yellowness 

in Atemoya fruits.   Chlorophyll 

degradation is mainly caused by an 

increase in either or both 
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chlorophyllase and peroxidase 

enzymatic activity (Wang et al., 2009). 

Those enzymatic activities are 

increased by ethylene during fruit 

ripening (Charoenchongsuk et al., 

2015).  

 

Change of peel colour, (measured 

by L*, a* and b*) would be good 

indicators to detect the fruit ripening at 

least for Atemoya. Accordingly, 

retardation of peel colour development 

owing to the application of 1-MCP, 

indicate the potential of 1-MCP as a 

post-harvest treatment. Therefore, this 

response of the present study can be 

attributed to the observations of Harris 

et al. (2000) who reported longer green 

life of fruits after 1-MCP application. 

Moreover, present study shows some 

discrepancy with the Siang et al. (2019) 

who reported ability of 1-MCP to 

preserve peel colour of local Soursop. 

According to present study, there was 

no significant effect of 1-MCP on 

Soursop peel colour. 

 

Total Soluble Solids (% TSS) of Annona 

 

Strong positive correlation between TSS 

and time (days after harvesting) was 

observed in Atemoya (Table 3). The rate 

of TSS production in T1 (0.0 µL L-1), T2 

(0.3 µL L-1), T3 (0.6 µL L-1) and T4 (0.9 

µL L-1) were 1.61, 1.48, 1.49 and 1.27, 

respectively.  Therefore, it indicates the 

retardation of TSS production rate with 

the application of 1-MCP in Atemoya. 

However, TSS production in other 

cultivars did not show any significant 

response to applied 1-MCP.  According 

to present study, the effect of 1-MCP on 

TSS is cultivar dependent and it is in 

agreement with Blankenship and Dole 

(2003). The result of present study 

shows some discrepancies with Siang et 

al. (2019) who reported a reduction of 

TSS with 1-MCP application in 

Soursop.  It could be possible due to 

variation in other factors such as 

storage conditions. Blankenship and 

Dole (2003), have revealed that the 

fruits stored under normal ambient 

conditions increased their TSS value 

than the fruits stored under controlled 

atmospheric conditions. Then the effect 

of only 1-MCP cannot clearly be 

observed.  

 

Titratable Acidity (TA %) 

 

A strong positive correlation of 

Titratable acidity and time (days after 

harvesting) was observed in Atemoya 

(correlation coefficient 0.96), Bullock’s 

heart (correlation coefficient 0.76) and 

Soursop (correlation coefficient 0.85) 

(Table 4). However, application of 1-
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MCP was unable to alter the synthesis 

rate of titratable acidity in Atemoya. 

Therefore, present study is in 

agreement with Silva et al. (2016) who 

reported no significant effect of 1-MCP 

on titratable acidity in Atemoya.  In 

contrast, due to greater scattered-ness 

of observed data it is difficult to identify 

the effect of 1-MCP in Bullock’s heart 

and Soursop species. Therefore, post-

harvest synthesis of Titratable acidity 

could be a species-dependent factor.   

 

 

 

Table 3. Variation in total soluble solids (TSS) of four Annona species (Atemoya, Bullock’s 

heart, Sugar apple and Soursop) at four different 1-MPCA treatments levels (T1, T2, T3 and 

T4). TSS (%) was measured at 2,4,6,8 and 10 days after harvesting. Rate of TSS change is given 

as regression coefficient (% day-1). Correlation coefficient indicates the strength and direction 

of the relationship between TSS and time (days after harvesting). 

 

Species Treatment Regression 

coefficient 

Correlation 

coefficient 

Atemoya 1-MCP 0.0 µL L-1 (T1) 1.61 0.92 

1-MCP 0.3 µL L-1 (T2) 1.48 0.91 

1-MCP 0.6 µL L-1 (T3) 1.49 0.88 

1-MCP 0.9 µL L-1 (T4) 1.27 0.95 

Bullock’s 

heart 

1-MCP 0.0 µL L-1 (T1) 3.95 0.52 

1-MCP 0.3 µL L-1 (T2) 3.90 0.61 

1-MCP 0.6 µL L-1 (T3) 3.79 0.56 

1-MCP 0.9 µL L-1 (T4) 2.76 0.42 

Sugar apple 1-MCP 0.0 µL L-1 (T1) 0.13 0.03 

1-MCP 0.3 µL L-1 (T2) 0.67 0.45 

1-MCP 0.6 µL L-1 (T3) 0.27 0.12 

1-MCP 0.9 µL L-1 (T4) 1.31 0.56 

Soursop 1-MCP 0.0 µL L-1 (T1) 0.69 0.48 

1-MCP 0.3 µL L-1 (T2) 0.20 0.15 

1-MCP 0.6 µL L-1 (T3) 0.65 0.63 

1-MCP 0.9 µL L-1 (T4) 1.22 0.76 
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Table 04 Variation in Titratable acidity of four Annona species (Atemoya, Bullock’s heart, 

Sugar apple and Soursop) at four different 1-MPCA treatments levels (T1, T2, T3 and T4). 

Titratable acidity was measured at 2,4,6,8 and 10 days after harvesting. Rate of Titratable 

acidity change is given as regression coefficient (% day-1). Correlation coefficient indicates the 

strength and direction of the relationship between TSS and time (days after harvesting). 

 

Species Treatment Regression 

coefficient 

Correlation 

coefficient 

Atemoya 1-MCP 0.0 µL L-1 (T1) 0.03 0.96 

1-MCP 0.3 µL L-1 (T2) 0.05 0.87 

1-MCP 0.6 µL L-1 (T3) 0.04 0.78 

1-MCP 0.9 µL L-1 (T4) 0.05 0.97 

Bullock’s 

heart 

1-MCP 0.0 µL L-1 (T1) 0.07 0.76 

1-MCP 0.3 µL L-1 (T2) 0.01 0.16 

1-MCP 0.6 µL L-1 (T3) 0.03 0.27 

1-MCP 0.9 µL L-1 (T4) 0.02 0.30 

Sugar apple 1-MCP 0.0 µL L-1 (T1) 0.01 0.15 

1-MCP 0.3 µL L-1 (T2) 0.01 0.08 

1-MCP 0.6 µL L-1 (T3) 0.06 0.83 

1-MCP 0.9 µL L-1 (T4) 0.01 0.15 

Soursop 1-MCP 0.0 µL L-1 (T1) 0.16 0.85 

1-MCP 0.3 µL L-1 (T2) 0.17 0.63 

1-MCP 0.6 µL L-1 (T3) 0.05 0.25 

1-MCP 0.9 µL L-1 (T4) 0.09 0.63 

 

Titratable acidity increases owing 

to organic acids production during the 

fruit ripening. However, towards the 

end of ripening process titratable 

acidity decreased due to consumption 

of organic acids (i.e. malic acids and 

citric acids) as substrates in respiratory 

processes (Alves et al., 2004; Abbasi et 

al., 2009).  

 

Means of physical and chemical 

parameters (Weight loss, firmness, peel 

colour L*, a* and b*, total soluble solids 

and titratable acidity) at initial (2 days
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Table 5. Means of postharvest physical and quality parameters of Annona fruits at initial (2 DAT) and last day of the storage period 

(6/ 8 DAT) 

 

Parameter Treatment 
Atemoya Bullock’s heart Soursop Sugar apple 

2DAT 8DAT 2DAT 6DAT 2DAT 6DAT 2DAT 6DAT 

Weight loss (g/kg) T1 96.3±1.1 215.7±4.9 24.3±0.4 117.6±12.7 29.3±6.4 123.3±14.5 57.0±15.2 142.8±0.0 

T2 68.1±3.8 200.7±6.7 7.1±0.4 85.7±3.1 30.1±3.1 98.9±4.3 43.7±1.9 175.3±9.0 

T3 61.8±2.1 194.8±0.8 7.1±0.4 82.1±8.9 29.2±3.6 97.6±6.8 35.7±3.2 146.3±13.3 

T4 69.7±0.9 192.4±6.3 6.6±0.2 80.1±2.8 32.9±2.3 128.2±13.1 35.7±1.6 140.8±2.8 

Firmness (N) T1 

T2 

T3 

T4 

96.8±2.1 26.8±9.1 91.3±4.4 39.5±15.8 94.9±2.5 33.1±5.3 80.2±4.2 69.7±0.0 

T2 106.4±4.2 23.6±0.0 99.8±0.3 57.4±0.5 100.4±0.5 44.6±0.9 95.6±3.7 28.6±3.7 

T3 120.5±3.0 37.6±6.9 107.0±2.2 69.3±2.4 103.5±2.6 55.8±0.0 97.0±4.3 48.7±0.1 

T4 136.4±4.7 72.2±12.7 100.0±3.2 49.8±11.5 101.9±1.6 45.8±0.0 105.2±4.0 67.4±5.7 

Peel colour L* value T1 

T2 

T3 

T4 

52.5±0.8 

53.0+1.7 

51.5±1.1 

52.4±0.3 

75.4±03.3 

74.7±02.2 

60.2±07.7 

61.9±07.3 

60.4±3.3 

63.1±1.0 

61.3±0.2 

61.6±1.0 

65.0±2.3 

61.9±0.7 

57.9±0.6 

59.2±4.4 

52.7±1.0 

51.1±0.8 

49.6±0.8 

52.0±0.5 

53.0±2.0 

52.8±1.6 

50.0±1.3 

52.1±1.3 

54.7±0.2 

54.0±1.4 

54.1±1.1 

54.5±0.6 

54.3±0.9 

53.8±1.9 

53.6±1.3 

53.5±0.8 

Peel colour a*value T1 

T2 

T3 

T4 

-9.4±1.6 3.6±00.7 -0.9±3.4 2.9±2.4 -13.6±0.2 -11.6±0.2 -8.6±0.1 -5.2±1.5 

T2 -11.1±0.4 0.4±02.8 -7.5±1.3 -5.1±2.2 -13.8±0.2 -11.4±0.6 -8.6±0.4 -5.8±0.6 

T3 -9.9±0.4 -1.3±02.4 -7.0±0.8 -6.8±0.9 -13.7±0.7 -11.8±1.2 -9.1±0.6 -7.2±0.4 

T4 -11.2±0.2 -6.5±01.5 -6.2±0.9 -6.1±0.1 -13.5±0.3 -10.1±0.6 -8.4±0.3 -7.9±0.3 
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Peel colour b value T1 

T2 

T3 

T4 

27.4±0.3 53.9±4.6 34.3±1.1 36.9±0.7 34.3±1.2 36.7±2.1 25.4±0.5 27.2±2.3 

27.5±0.1 43.3±2.1 34.3±0.4 34.6±0.2 32.9±0.5 31.8±1.0 25.4±0.5 26.4±3.0 

26.7±0.7 36.3±3.4 32.1±0.4 32.7±0.8 31.7±1.3 31.2±2.3 26.6±0.7 24.7±0.5 

27.1±0.9 29.9±3.7 32.3±1.5 31.6±1.8 33.9±1.1 33.2±0.6 26.7±0.2 24.8±0.9 

Total soluble 

solids (%) 

T1 

T2 

T3 

T4 

10.6±0.3 20.3±0.7 13.7±4.3 20.4±2.4 13.9±1.1 17.2±0.9 21.1±1.6 20.1±0.0 

11.7±0.7 20.7±0.3 11.2±2.0 19.0±3.1 13.7±0.7 15.4±0.7 18.8±2.8 21.3±0.5 

12.1±0.2 20.9±0.4 8.6±0.4 15.7±2.0 12.2±1.4 16.5±0.0 19.7±3.8 21.7±0.5 

10.8±0.3 19.9±0.1 11.3±4.5 17.5±2.9  8.6±0.9 17.9±0.3 13.4±2.0 17.2±2.0 

Titratable acidity 

(%) 

T1 

T2 

T3 

T4 

0.17±0.0 0.34±0.0 0.37±0.0 0.52±0.0 0.43±0.1 0.69±0.0 0.40±0.0 # 

0.16±0.0 0.39±0.0 0.46±0.0 0.48±0.0 0.36±0.1 0.69±0.1 0.38±0.0 0.39±0.1 

0.13±0.0 0.35±0.1 0.39±0.0 0.48±0.1 0.34±0.1 0.63±0.0 0.32±0.0 0.41±0.0 

0.11±0.0 0.41±0.0 0.43±0.0 0.46±0.0 0.26±0.0 0.64±0.0 0.35±0.0 0.38±0.0 

DAT is the days after treatment, # missing data, Treatments T1,T2, T3 and T4 are 1-MCP concentrations 0, 0.3, 0.6 and 0.9 µL L-1 respectively. Mean±St.Err 

(n=3) 
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 after treatments) and end of the post-

harvest periods (6-8 days after 

treatment) were given in Table 5. 

Accordingly, Annona species treated 

with 1-MCP were characterized by 

greater firmness at the end of 6 to 8 

days. Moreover, 1-MCP treatments 

decrease the weight loss in Atemoya 

and Bullock’s heart species at all levels 

of treatments.   

 

CONCLUSION 

 

According to the study, application of 

1-MCP retard the loss of fruit fresh 

weight, firmness, total soluble solids 

and titratable acidity in Annona 

species. Considering all 1-MCP 

concentration levels and Annona 

species, 0.6 µL L-1 was identified as the 

most promising treatment among the 

tested ones. Among the indices used to 

estimate the peel colour, L* and b* 

values were more promising and 

Atemoya species was more sensitive for 

those indices. In conclusion, 0.6 µL L-1 

1-MCP would be a promising 

postharvest treatment for Annona and 

it requires further studies to evaluate 

different methods and time of 1-MCP 

applications before the 

recommendation. 
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