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ABSTRACT 

Tomato fruit cv. ’Faustine’ F1 were harvested at mature green and full-red stages and treated with 1 

or 2 µl·l-1 of 1-methylcyclopropene (1-MCP) at 20 °C and 85-90% RH, for 21 hours to investigate the 

ability to delay ripening. Treated and control fruit were stored at 12.5 and 20 °C and 85-90% RH. Ethylene 

production, rate of respiration, weight loss, market value and storage life were determined after 4-week 

storage. Exposure of tomato fruit to 1-MCP reduced ethylene production and respiration rate of the fruit 

harvested at mature-green and full-red stages of maturity. Storage life and market value of tomato fruit 

depended on the treatment with 1-MCP, stage of maturity and storage temperature. Untreated fruits were 

characterized by the shortest storage life in comparison with the fruit treated with 1-MCP. The lowest mar-

ket value was observed for tomato fruit harvested as a mature green, untreated with 1-MCP and stored at 

20 °C. Treatment of tomato fruit with 1-MCP resulted in the reduction of natural weight loss during storage. 

These results suggest that 1-MCP treatment can be used in a commercial storage and trading system for 

tomatoes due to its ability to delay fruit ripening. 
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INTRODUCTION 

 

Quality of tomato fruit during storage depends 

on many factors such as cultivation methods, post-

harvest handling, cultivar, stage of maturity at har-

vest. In Poland, in commercial field production of 

tomatoes for consumption during summer and au-

tumn, interest in growing tomato plants at stakes has 

been increasing (Suszyna 2006).  

Storage temperature is the most important fac-

tor for the post-harvest life of the fruit (Mostofi & 

Toivonen 2006). The most appropriate temperature 

for storage of tomato fruit harvested at the mature-

green stage is 12.5-13 °C (Adamicki 1991; Castro 

et al. 2005; Gajewski 2001). Red tomatoes can be 

stored at temperature of 6-8 °C, but considerably 

shorter than the mature-green ones.  

 

1-Methylcyclopropene (1-MCP) radically in-

hibits ripening of tomato fruit. The increase in eth-

ylene production and internal ethylene concentra-

tion associated with the climacteric stage of ripen-

ing are delayed by 1-MCP treatment (Hoeberichts et 

al. 2002; Krammes et al. 2003; Opiyo & Ying 

2005). Other ripening processes that are inhibited 

include respiration (Colleli et al. 2003; Wills & Ku 

2002), color change and softening (Mir et al. 2004; 

Mostofi et al. 2003; Opiyo & Ying 2005). Gener-

ally, 1-MCP treatment influences physicochemical 

changes of tomato fruit, as well as a reduction in de-

cay, weight loss and extends storage life of the fruit 

(Blankenship & Dole 2003).  

The objective of the present study was to exam-

ine the effects of 1-MCP treatment on ethylene pro-

duction, rate of respiration and storage life of tomato 

fruit stored at two temperatures – 12.5 °C and 20 °C. 
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MATERIALS AND METHODS 
 

In the experiment conducted in the two grow-

ing seasons (2008 and 2009), tomato fruit (Lycoper-

sicon esculentum Mill.) cv. Faustine F1 (Syngenta 

Seeds, Ltd., Holland; TmVF2N) were used. The cul-

tivar has a commercial value, recommended for 

growing at stakes in the open field production. 

Standard cultivation practices, such a soil prepar-

ing, planting and plant protection, were applied for 

the crop in vegetation periods. 

The fruit for the experiment were harvested at 

mature green (MG) and full-red (R) stages (1st and 

6th maturity stages, according to USDA classifica-

tion). Fruit of the same size and shape without de-

fects or diseases, without a calyx, were selected for 

the experiment. Prior to storage, the fruit were 

washed in water, then dipped in an aqueous solution 

of sodium hypochlorite (0.03%) for disinfection and 

subsequently dried before being placed in storage 

boxes. Each treatment was made up in four replica-

tions, consisting of 20 fruit in each. Three-way anal-

ysis of variance in a completely randomized design 

was carried out.  

Gaseous 1-MCP was prepared from Smart-

FreshTM (AgroFresh Inc.) commercial powder 

(0.14% of active ingredient). SmartFreshTM was ap-

plied on the day of harvest for each stage of ma-

turity, in special air-tight steel containers (capacity 

of 1 m3) applying 1.0 and 2.0 μl·l-1 of 1-MCP for 

21 h, at the temperature of 20 °C and 85-90% RH. 

Control fruit were kept under similar conditions, but 

without 1-MCP treatment. After treatment, the fruit 

were stored for 4 weeks at 12.5 °C or 20 °C, and 85-

90% RH in air in the dark. 

After the storage, the following quality attrib-

utes were determined: weight loss (in %); fruit mar-

ket value in 1-9 point grading scale, according to 

Adamicki (1991), Getinet et al.(2008) and Telefera et 

al. (2007); where 9 = the highest quality, 7 = good, 

5 = satisfactory, 3 = poor (i.e. no market and con-

sumption value), 1 = very bad. The observations con-

cerning the market value of the fruit were carried out 

at three-day intervals, while removing fruit with dis-

eases symptoms. Storage potential was determined as 

the number of days from the time of reaching full ma-

turity until obtaining the market value score of 5 

(limit of marketability) and the market value 3 (poor). 

Respiration rate was determined on the basis 

of CO2 production. Tomato fruit (samples of 1 kg) 

were put to glass jars (volume of 5 L each) with lids, 

equipped with valves enabling taking small air sam-

ples from the jars to analyze. After 3 hours of keeping 

the fruit at the temperature of 20 °C, the CO2 con-

centration (in v.v. %) in the jars was measured using 

gas analyzer COMBO 280 (David Bishop Instr., 

UK). The measurements were done in a laboratory, 

at room temperature (20 °C), in three replicates. The 

data obtained were used to calculate CO2 produc-

tion, which was expressed in ml CO2·kg-1·h-1. 

To determine ethylene production, the same 

method as above was applied. Ethylene concentra-

tion in the jars (in ppm) was measured with ICA 56 

ethylene analyzer (ICA Instruments, USA) and ex-

pressed as µl C2H4·kg-1·h-1.  

For the analysis of variance, Statistica ver. 10 

software with three-factor ANOVA was applied 

(factor A - stage of maturity, B – treatment with 1-

MCP, C – storage temperature). Mean values were 

compared using the Tukey’s HSD test at the signif-

icance level of p = 0.05.  

 

RESULTS AND DISCUSSION 

 

If we compare the respiration rate for the to-

mato fruit before and after storage, it can be seen 

that the rate decreased markedly for the fruit kept at 

20 °C (Fig. 1). However, for the fruit stored at 

12.5 °C only small changes in respiration rate was 

observed, in general. This phenomenon could be ex-

plained by faster ripening of the fruit kept at the 

higher temperature, which caused faster entry into 

the lower point on a climacteric curve. As the con-

firmation of this statement, we can point out that 

fruit of a non-climacteric tomato cultivar LSL 

showed quite different reaction of storage tempera-

ture on respiration rate, and the respiration at 20 °C 

was higher than at 12 °C (our own data, unpublished 

yet). The other reason can be due to thermal shock 

– as the fruit stored for a long period at 12.5 °C in 

storage chamber were transferred for the measure-

ment to the laboratory condition (20 °C). Respira-

tion rate of the fruit during the storage period differed 

in relation to the treatment. Generally, the control 

tomatoes produced more CO2 compared to the 1-

MCP treated samples. As it can be seen in Fig. 1, 
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the highest respiration rate was noted before 

storage for the control fruit of both stages of ma-

turity (12.2 and 13.6 ml CO2·kg-1·h-1) and after 

storage at 12.5 °C (10.9 and 10.4 ml CO2·kg-1·h-1). 

The rate of respiration was mainly dependent on 

1-MCP treatment. However, stage of maturity and 

storage temperature also showed a significant in-

fluence on the rate of respiration. Pangaribuan & 

Irving (2010) showed that tomato slices at the pink 

maturity stage treated with 1-MCP at 1.0 μl·l-1 

concentration were characterized by reduced res- 

piration rate after one day of storage compared 

with the control fruit. As it was already pointed 

out above, our results showed that the mature-

green and full-red tomatoes stored at 12.5 °C 

were characterized by a higher production of CO2 

compared with the fruit stored at 20 °C. The low-

est rate of respiration was observed for the un-

treated tomato fruit after storage at 20 °C, regard-

less of the stage of maturity (4.9 ml CO2·kg-1·h-1 

for mature-green and 4.6 ml CO2·kg-1·h-1 for full-

red fruit). 

 
 

Fig. 1. Effect of treatment with 1-MCP on rate of respiration for tomato fruit cv. Faustine F1 during storage at 12.5 

and 20 °C in 2009 (ml CO2·kg-1·h-1). LSD0.05 A×B×C = 1.9 

 

Tomato, as well as other climacteric fruits, is 

characterized by a rise in ethylene production, reach-

ing the climacteric peak (Leliévre et al. 1997). Low 

temperature during the storage is not sufficient to in-

hibit ethylene production and the related ripening pro-

cesses, so there is consequently a need to have new 

tools to inhibit and/or to delay ethylene production.  

In our experiment, the treatment with 1-MCP 

resulted in decrease of ethylene production of the 

tomato fruit harvested at both stages of maturity 

(Fig. 2). Initial ethylene production of the mature-

green harvested fruit was lower than for the full-red 

fruit. After 4 weeks of storage of the tomato fruit at 

both temperatures, ethylene production for the ma-

ture-green ones was still lower than for the full-red 

fruit. The results showed lower production of ethy-

lene for the fruit stored at 20 °C than at 12.5 °C. The 

reasons of this phenomenon could be the same as 

for respiration rate relationship, which is explained 

above. The highest ethylene production at 12.5 °C 

was noted for the mature-green tomato fruit un-

treated with 1-MCP (3.5 µl C2H4·kg-1·h-1), and the 

lowest for the mature-green fruit treated with 1-MCP 

after storage at 20 °C (0.9 µl C2H4·kg-1·h-1).This is in 

agreement with Wills & Ku (2002) report. The au-

thors observed a positive effect of the treatment with 

1-MCP for fully ripe tomato fruit cv. ‘Clarion’ after 

storage for 5 days at 20 °C on reduction of ethylene 

production. However, Hoeberichts et al. (2002) 

found no effect of 1-MCP treatment on ethylene 

production for full-red tomato fruit cv. ‘Prisca’ dur-

ing storage at 20 °C.  
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Fig. 2. Effect of treatment with 1-MCP on ethylene production for tomato fruit cv. Faustine F1 during storage at 12.5 

and 20 °C in 2009 (µl C2H4·kg-1·h-1). LSD0.05 A × B × C = 0.4 

 

 

Fig. 3. Effect of 1-MCP on weight loss (%) for mature-

green tomato fruit during storage in 2008 

 

 

Fig. 5. Effect of 1-MCP treatment on weight loss (%) for 

full-red tomato fruits during storage in 2008 

 

Fig. 4. Effect of 1-MCP on weight loss (%) for mature-

green tomato fruit during storage in 2009 

 

 

Fig. 6. Effect of 1-MCP treatment on weight loss (%) for 

full-red tomato fruit during storage in 2009
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Result of the studies shows the significant dif-

ferences in the market value and storage potential 

of tomato fruit depending on the year of cultivation 

(Table 1). We found better market value for the to-

mato fruit treated with 1-MCP versus untreated 

fruit. Treatment of the mature-green and full-red 

fruit with 1-MCP, as well as storage temperature, 

significantly affected market value of the fruit. In 

2008, the best market quality was obtained for the 

mature-green fruit treated with 1-MCP, after stor-

age at 12.5 °C and 20 °C (8.9 and 8.8 points, re-

spectively). Compared to the results from 2009, the 

best market value was recorded for full-red fruit 

treated with 1-MCP after storage at 20 °C (8.3 

points). The lowest fruit quality in the two years 

was obtained in 2009 for the control fruit harvested 

at both stages of maturity, after storage at 20 °C 

and 12.5 °C (6.2 points). Guillen et al. (2007) and 

Adamicki & Badełek (2006) obtained similar re-

sults. Sun et al. (2003) and Ergun et al. (2006) 

noted that tomato fruit treated with 1-MCP were 

firmer at the end of marketable life comparable 

with the untreated fruit.  

Fruit storage potential in 2008, determined as 

the number of days from the time of reaching full 

maturity until obtaining the market value score of 

5 (limit of marketability), was on average 41 days 

at 12.5 °C and 33 days at 20 °C (mature-green) and 

for full-red fruit – 41 days at 12.5 °C and 38 days 

at 20 °C (Table 1). Treatment with 1-MCP of the 

mature-green and full-red tomato fruit signifi-

cantly extended storage potential of the fruit by 11 

and 16 days respectively, compared to the un-

treated fruit. The best storage potential was found 

for full-red fruit treated with 1-MCP. These tomato 

fruit still had satisfactory market value (score of 5) 

after 48 days of storage at 12.5 °C. According to 

Adamicki & Badełek (2003) 1-MCP is the most ef-

fective in delaying ripening of mature-green toma-

toes, when they are stored at 12.5 °C, and is con-

sidered as a potential commercial treatment of field 

grown tomato destined for prolonged storage. 

 

Table 1. Influence of 1-MCP treatment, and storage temperature on the market value in tomato fruit cv. Faustine F1, 

harvested in two stages of maturity 
 

 

Year 

Stage of 

maturity 

(A) 

Temper-

ature 

(C) 

Market value after 4 weeks of storage Number of days to reach market value 5 

1-MCP treatment (B) 
𝑥̅ 

1-MCP treatment (B) 
𝑥̅ 

control 1.0 µl·l-1 2.0 µl·l-1 control 1.0 µl·l-1 2.0 µl·l-1 

2008 

Mature-

green 

12.5 °C 7.4 8.9 8.7 8.3 35 46 43 41 

20 °C 7.0 8.8 8.1 7.8 30 33 35 33 

𝑥̅ 7.2 8.8 8.4 8.1 32 39 39 37 

Full-red 

12.5 °C 6.5 7.7 8.1 7.4 33 42 48 41 

20 °C 6.6 7.6 7.8 7.3 29 40 46 38 

𝑥̅ 6.5 7.6 7.9 7.3 31 41 47 40 

12.5 °C 6.9 8.3 8.4 7.9 34 44 45 41 

20 °C 6.8 8.2 7.9 7.6 29 36 40 35 

𝑥̅ 6.8 8.2 8.1 7.7 31 40 42 38 

LSD0.05  
A – 0.34, B – 0.5. C – ns, A × B – ns, 

A × C – ns, B × C – ns, A × B × C – ns 

A – ns, B – 4.08, C – 2.74, A × B – 5.76, 

A × C – 3.87, B × C – ns, A × B × C – ns 

2009 

Mature-

green 

12.5 °C 7.7 8.1 8.1 7.9 35 39 41 38 

20 °C 6.2 7.2 7.9 7.1 28 30 31 30 

𝑥̅ 6.9 7.6 8.0 7.5 31 34 36 34 

Full-red 

12.5 °C 6.2 8.0 8.1 7.4 28 42 41 37 

20 °C 6.9 7.7 8.3 7.6 31 40 40 37 

𝑥̅ 6.5 7.8 8.2 7.5 29 41 40 37 

12.5 °C 6.9 8.0 8.1 7.7 31 40 41 37 

20 °C 6.5 7.4 8.1 7.3 29 35 35 33 

𝑥̅ 6.7 7.7 8.1 7.5 30 37 38 35 

LSD0.05  

A – ns, B – 0.37, C – 0.25, 

A × B – ns, A × C – 0.35, B × C – ns, 

A × B × C – 0.75 

A – 1.37, B – 2.04, C – 1.37,  

A × B – 2.88, A × C – 1.94, 

B × C – ns, A × B × C – ns 
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CONCLUSIONS 

 

1. 1-MCP treatment of tomato fruit cv. 

Faustine F1 significantly reduced respiration rate 

and ethylene production during storage. 

2. Treatment of tomato fruit with 1-MCP reduced 

natural weight loss during the storage period com-

pared to the untreated fruit. 

3. Storage potential and market value of tomato 

fruit depended on the treatment with 1-MCP, stage 

of maturity and storage temperature.  

4. The lowest market value was observed for to-

mato fruit harvested as a mature-green, untreated 

with 1-MCP and stored at 20 °C. 
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