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ABSTRACT 

The effect of post-harvest application of 1-methylcyclopropene (1-MCP) on ethylene emission in 

early-winter apple (cv. ‘Calville’), winter (‘Gloster’, ‘Golden Delicious’ and ‘Jonagold’), and late-winter 

cultivars (‘Granny Smith’, ‘Idared’ and ‘Reinette Simirenko’) was investigated. The fruits were picked 

at a commercial harvest time and half of them were treated with 1-MCP (‘SmartFreshTM’ 0.068 g·m-3) 

for 24 h at 5 °C. Then both groups of apples were placed in a common storage at the temperature of 2 °C. 

The intensity of fruit ethylene emission (rate of ethylene production) was measured and 1-MCP inhibition 

index was calculated. During storage, activity of ethylene emission by control apples of ‘Calville’ and 

‘Golden Delicious’ showed typical climacteric pattern, while the intensity of ethylene emission of apples 

of other cultivars only increased gradually. The change of ethylene activity of early-winter apple cv. 

‘Calville’ and winter cv. ‘Jonagold’, both treated with 1-MCP after harvest, had exponential character, 

especially actively increasing after 3 months of storage. At the same time ethylene emission of 1-MCP 

treated fruits of other cultivars changed steadily to a low level and was effectively suppressed during the 

whole 6-month period of storage in normal atmosphere. The value of inhibition index of fruits treated by 

1-MCP confirmed the consistent restoration of the ability to ethylene synthesis and thus to post-harvest 

ripening of some apples cultivars.  
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INTRODUCTION 

 

Ethylene, a ripening hormone of fruits, is 

physiologically active at a concentration 0.1-1.0 

μl·dm-3. It stimulates ripening in so-called climac-

teric fruits and plays an important role in metabo-

lism (Bleecker & Kende 2000). The intensification 

of ethylene synthesis by fruits is associated with 

better taste and flavour of apples, however their 

storage ability worsens. A physiological base of 

storage technology is control over fruit sensitivity 

to ethylene action, which is well ensured by post-

harvest treatment with 1-methylcyclopropene (1-

MCP) (Blankenship & Dole 2003). 

Post-harvest treatment of different horticul-

tural products using ethylene inhibitor, 1-MCP, al-

lows controlling ethylene responses over extended 

period and increases the efficiency of fruit storage 

(Sisler & Serek 1997). 1-MCP has a great potential 

for quality maintenance of late season apple culti-

vars (i.e. ‘Granny Smith’) during storage by com-

pletely preventing superficial scald, which is the 

major problem for this cultivar (Çelikel et al. 

2010). The efficacy of 1-MCP is affected by culti-

var and storage conditions, and that successful 

commercial utilisation of the chemical will require 

understanding of these relationships (Watkins et al. 

2000; Lu et al. 2013). 
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Apple cultivars respond to 1-MCP treatment 

in different ways. Internal ethylene levels of 

1-MCP treated fruits were an accurate indicator of 

treatment efficacy, storage potential and the phy-

siological ripening responses of ‘Golden Deli-

cious’ and ‘Granny Smith’ apples following stor-

age and shelf life (Crouch 2010). 

In the conditions of Ukraine, it has been found 

out that maximal ethylene emission of apple winter 

cultivar ‘Golden Delicious’ after harvesting and 

being kept at room temperature was higher than 

that of ‘Jonagold’, ‘Idared’ and ‘Reinette 

Simirenko’ – by 2.7, 13 and 7.6 times, respec-

tively. Pre-climacteric increase of ethylene emis-

sion after 3-month refrigeration storage was possi-

ble for untreated fruits of winter cultivars ‘Golden 

Delicious’ and ‘Jonagold’, whereas ethylene emis-

sion intensity of untreated apples of late winter cul-

tivars ‘Idared’ and ‘Renette Simirenko’ increased 

during 7-month refrigeration storage (Melnyk 

& Drozd 2012). 

The aim of this research was to determine the 

effect of post-harvest 1-MCP treatment of apples 

on the intensity of ethylene emission (rate of eth-

ylene production) at various storage periods.  
 

MATERIALS AND METHODS 
 

Apples ‘Idared’, ‘Golden Delicious’, ‘Granny 

Smith’, ‘Jonagold’ and ‘Renette Simirenko’ were 

picked at a commercial harvest time in 2010 (‘Cal-

ville’ and ‘Gloster’ were picked in 2012). These 

apple cultivars represent early, mid and late season 

of ripening ranging from fast to slow. Apples were 

cooled to the temperature of 5 С and treated with 

1-MCP (0.068 g·m-3, ‘SmartFreshTM’) in an air-

tight container for 24 h, then were stored for 

6 months at the temperature of 2 °C and humidity 

90-95% (non-treated fruits – control).  

The intensity of fruit ethylene emission was 

periodically measured with gas analyser ICA-56 

(“International Controlled Atmosphere Ltd.”) after 

exposure of fruits, pre-heated to the temperature of 

18-20 °C. Measurements were made on separate 

batches of fruits. A sample of three or four fruits 

of a weight approximately 0.5 kg was placed in 

a 4 litre airtight jar and maintained for 0.5-1 h at 

20 °С. Data are means of two replicates.  

1-MCP inhibition index (II) was calculated accord-

ing to formula: 
II = 1 – (EEt x EEnt

-1), where:  
EEt – ethylene emission of treated fruits, 
EEnt – ethylene emission of non-treated fruits. 

The results were statistically evaluated using Sta-

tistica programme. Error bars represent SD. When 

bars are absent, the value for SD was within the 

dimensions of the symbol. 

 

RESULTS AND DISCUSSION 

 

During storage ethylene emission by un-

treated fruits ‘Calville’ and ‘Golden Delicious’ 

showed typical climacteric pattern with maximum 

rate on the 60th and 150th day of cold storage, re-

spectively, while the ethylene production of apples 

of other cultivars only increased gradually. The 

highest ethylene emission by control fruits – about 

60 μl·kg-1·h-1 during climacteric was recorded for 

cultivar ‘Golden Delicious’ (that for ‘Calville’ was 

42.5), the lowest one was 4.4 μl·kg-1·h-1 for culti-

var ‘Idared’ (Fig. 1). 

Post-harvest 1-MCP treatment of apples sig-

nificantly affected the ethylene synthesis in fruits. 

The change of ethylene activity of early-winter ap-

ple cultivar ‘Calville’, treated with 1-MCP after 

harvest, has exponential character, especially ac-

tively growing after 3 months of storage – up to the 

level of 18 μl·kg-1·h-1 at the end of 6-month stor-

age. A similar dependence was found for winter 

cultivar ‘Jonagold’ (ethylene production rate in-

creased after 4 months of storage) but here the 

highest emission value was three times lower than 

the highest one in ‘Calville’ – 6 μl·kg-1·h-1. At the 

same time a level of ethylene activity of 1-MCP 

treated fruits of other apple cultivars does not ex-

ceeded 2.5 μl·kg-1·h-1 (Fig. 2). 

The value of inhibition index resulted from 

post-harvest 1-MCP treatment confirmed the con-

sistent restoration of the ability to ethylene synthe-

sis and thus to post-harvest ripening of apples cul-

tivars ‘Jonagold’, ‘Gloster’, ‘Idared’ and espe-

cially ‘Calville’. At the same time, ethylene syn-

thesis of fruits of other apple cultivars was effec-

tively suppressed during the whole 6-month period 

of refrigeration storage (Fig. 3). When ethylene 

synthesis was limited considerably, fruits treated 
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with 1-MCP after harvesting failed to reach mar-

keting maturity. The same was observed by Vanoli 

et al. (2010) in pears storage. 

 

 
 

Fig. 1. Ethylene emission at 20 °С by control apples 

stored for 6 months at 2 °С 

 

 
 

Fig. 2. Ethylene emission at 20 °С by apples treated 

with 1-MCP after harvesting and stored for 6 months at 

2 °С 

 

 
 

Fig. 3. The inhibition index of ethylene emission by ap-

ples treated with 1-MCP after harvesting and stored for 

6 months at 2 °С 

 
 

CONCLUSION 
 

Post-harvest treatment of apple fruits with 

ethylene inhibitor 1-MCP (coming from product 

‘SmartFreshTM’) reduces significantly ethylene 

emission of winter apple cultivars during refriger-

ation storage. However, it has a smaller effect on 

apple of early winter cultivar ‘Calville’.  

Further studies are needed to better clarify the 

relationship between cold storage, fruit maturity 

and factors influencing ethylene emission in apple 

fruits. 
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