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Abstract 

The effect of low oxygen partial pressures (pO2) and 1-methylcyclopropene (1-

MCP) on energy metabolism and quality maintenance of ‘Rocha’ pear was examined. 

Fruit were stored under: regular air (RA); 3.0 kPa O2; 0.5 kPa O2; or treated with 1-MCP 

150 nL L-1 and then stored under 3.0 and 0.5 kPa O2. Fruits were analyzed after 44, 96 

and 136 days of storage followed by shelf-life at 20 °C. Ethylene production rate was 

highest in pear stored in RA-storage, followed by those at 3.0 kPa and 0.5 kPa O2. 1-MCP 

treatment strongly suppressed the ethylene production. The effect of 1-MCP and pO2 on 

respiration rates was similar to that on ethylene production; 1-MCP reduced respiration 

during 9 days of shelf-life. ATP concentrations, adenylate energy charge (AEC) and the 

total pool of adenylates were significantly higher in fruit stored in RA than under CA. 

Fruits kept under 0.5 kPa O2 ripened to a firmness of 17.9 N and skin hue angle of 98.5º 

after 7 days shelf-life. Titratable acidity and total soluble solids did not change 

significantly during storage period. In conclusion, fruits stored at low pO2 had lower ATP 

concentrations and lower energy charge than fruit stored in RA-storage. However, the 

effect of pO2 on energy metabolism prevailed over that of 1-MCP treatment. 

 

Keywords: adenylate energy charge, controlled atmosphere storage, fruit quality, 

respiration rate, Pyrus communis L. 

 

Introduction 

‘Rocha’ pear can be stored at -1º to 0 ºC in regular air (RA) or controlled 

atmosphere (CA). This European pear cultivar grown under Portuguese climactic 

conditions is susceptible to both superficial scald and internal disorders (Silva et al., 2010; 

Almeida et al., 2016). Pears, in general, do not tolerate the very low oxygen partial 

pressure (pO2) that are used during CA-storage of apples (Streif et al., 2003). Low pO2 

reduces energy metabolism and results in a low energy status within fruit tissues (Saquet 

et al., 2000; Veltman et al., 2003). However, responses of ‘Rocha’ pear to ultra-low pO2 

are not known. 

1-MCP is an effective treatment to prevent superficial scald in ‘Rocha’ pear 

(Isidoro and Almeida, 2006; Almeida et al., 2016). However, the recommended 

concentration of 300 nL L-1 1-MCP can strongly delay post-storage ripening of ‘Rocha’ 

pear, leading to a texture perceived as poor and post-storage conditioning is not 

adequately performed. 1-MCP and low pO2 storage are at the present moment, the most 

reliable technologies to assure long-term storage of ‘Rocha’ pear with good fruit quality. 

Therefore, since post-storage ripening of ‘Rocha’ pear is dependent on 1-MCP dose and 

doses lower than the recommended can effectively control superficial scald (Isidoro and 

Almeida, 2006; Almeida et al., 2016) it is necessary to assess the 1-MCP treatment at 150 

nL L-1. 
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The aim of this study was to evaluate the storage ability of ‘Rocha’ pear under 3.0 

and 0.5 kPa O2 combined or not with 1-MCP treatment at half the recommended dose. 

Emphasis was placed on the effects of storage regimes on physiological changes related 

to ethylene production, respiration rates and energy, specifically to ATP concentration 

and adenylate energy charge during the storage period. 

 

Material and Methods 

Plant material and storage conditions. Fruits of pear (Pyrus communis L. 

‘Rocha’) were harvested with a starch index of 8.2 (1 to 10 scale), flesh firmness of 52.4 

N, total soluble solids (TSS) of 11.2%, titratable acidity of 0.2% expressed on malic acid 

equivalents, and a skin hue angle of 106.4º. 

1-MCP (Agrofresh, Inc., Springhouse, PA, USA) was applied at a dose of 

150 nL L-1 for 24 h at 0 ºC. After the treatment with 1-MCP fruits were stored for 32 days 

in air at -0.5 °C, 95% relative humidity (RH) before imposition of controlled atmosphere 

conditions. 

1-MCP-treated and untreated fruits were then stored at -0.5±0.3 °C and 95% RH 

for 136 days in RA or under 3.0 kPa O2 + 0.6 kPa CO2 or 0.5 kPa O2 + 0.6 kPa CO2. O2 

partial pressures were lowered by flushing N2 and the gas concentrations monitored by 

gas analyzers (Isolcell Italia, Laives, Italy). Excess CO2 was scrubbed by an automatic 

system using a 30% KOH-solution.  

Untreated fruits were stored in RA at the same temperature, RH, and the same 

CA-conditions used for 1-MCP-treated fruits, but the gas regime was imposed within 24 h 

of storage. 

Evaluation of fruit quality attributes. Fruit quality traits were analyzed 

immediately after 44, 96 and 136 days in storage and following a 7-days shelf-life period 

at 20 ºC after each storage period. 

Surface color was measured in CIE L*a*b* color space with a tri-stimulus CR-

400 Chroma Meter (Konica Minolta, Tokyo, Japan). Measurements were made in the 

widest part of the fruit in three replicate of 5 fruits each.  

Flesh firmness was measured after peel removal with a penetrometer (T.R. Turoni, 

Forli, Italy) equipped with an 8 mm probe. Firmness was measured twice in each fruit, in 

pared sides, in three replicated batches of 5 fruits each.  

Fruits were cut in the equatorial region and 10 mm thick disk excised and used for 

juice extraction. TSS were measured in the juice with a digital refractometer (Hanna 

Instruments, Woonsocket, USA). An aliquot of 10 mL juice was diluted in 90 mL distilled 

water and the solutions titrated with 0.1 M NaOH until pH 8.1. Titratable acidity was 

expressed as malic acid equivalents. 

Ethylene and respiration measurements. Samples of 4 fruits, in 3 replicates, 

were placed inside of 2.15 L sealed glass jars. After a 2 h incubation, the headspace was 

sampled for ethylene analysis by gas chromatograph (Trace 1300, Thermo Fisher 

Scientific Inc., Marietta, USA) with a flame ionization detector and a capillary glass 

column. 

The CO2 release was measured in the same fruit samples, which were used for 

ethylene measurements. An Oxycarb 6 gas analyzer (Isolcell Italia, Laives, Italy) with an 

infrared sensor was used for analysis. The CO2 release was measured by a continuous 

flow at a rate of 100 mL min-1. 

Ethylene production and the CO2 release of pear fruits were measured during 9 

days of fruit exposure to air at 20 °C. 

Measurement of adenylate nucleotides and AEC calculation. The 

concentration of adenylate nucleotides were measured at the fruit core. Cylinders were 
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excised from the core region of the fruit and seeds carefully removed. After removal, 

cylinders were frozen in liquid nitrogen and freeze-dried at -50 °C and -100 kPa. Samples 

were powdered and used for extraction and assessments according to Saquet et al. (2003) 

with minor adaptations. AEC was calculated according to Atkinson and Walton (1967). 

 

Results and discussion 

Quality attributes. Changes in fruit firmness after 136 days storage of ‘Rocha’ 

pear are shown in Figure 1 A. Firmness retention was higher in pears stored under low 

pO2 and low pO2  combined with 1-MCP treatment. After 136 days of storage RA-stored 

pear fruits were not marketable due to the very low firmness after the 7 days shelf-life at 

20 °C. The storage of pear under 3 kPa O2 maintained a higher firmness than RA-stored 

fruits, but only during storage. Following 7 days of shelf-life at 20 ºC, fruits stored under 

3 kPa O2 had the same firmness of RA-stored fruits. The combination of 1-MCP and 32 

days delayed CA with storage at 3.0 or 0.5 kPa O2 maintained higher firmness in ‘Rocha’ 

pear, including after the shelf-life period.  

Fruits of RA-storage were significant yellower than the other treatments (Figure 

1 B), even after the shelf-life period. Green color retention was higher in fruit treated 1-

MCP and stored under 0.5 kPa O2. This effect of CA-storage and 1-MCP on green color 

maintenance in pear is well documented (Rizzolo et al., 2015; Vanoli et al., 2016). 

Titratable acidity and total soluble solids of ‘Rocha’ pear (Figure 1 C and D, 

respectively) did not change significantly after 136 days of storage, with the exception of 

RA-stored fruit in which acidity decreased. 

Ethylene production and respiration rates. Ethylene production in ‘Rocha’ 

pear is shown in Figure 2 A. The post-storage residual effect of CA conditions and 1-

MCP treatment remained intense during shelf-life, and stronger in 1-MCP-treated fruits. 

RA-stored pears advanced ripening leading to a lower rate of ethylene production than 

fruits under 0.5 kPa O2. Fruit treated with 150 nL L-1 1-MCP and stored under 0.5 kPa O2 

failed to recover the ethylene emission after storage; ethylene production rate in these 

fruits remained at 3.1 µL L-1 even after 9 days of shelf-life. This strong inhibitory effect 

of 1-MCP on ethylene production in ‘Rocha’ pear confirms the effectiveness of ethylene 

blockage also reported in ‘Conference’ (de Wild et al., 1999), ‘Abbé Fétel’ (Rizzolo et 

al., 2015) and ‘Bartlett’ (Argenta et al., 2016) pears.  

Respiration of ‘Rocha’ pear is presented in Figure 2 B. Fruit respiration during 

shelf-life after 136 days of storage did not match ethylene production. Even after storage 

under 0.5 kPa O2 the respiration of ‘Rocha’ pear increased normally at same intensity 

fruit stored in RA and 3 kPa O2. 1-MCP treatment reduced post-storage respiration rate, 

which nonetheless increased during shelf-life. 1-MCP treatment in pears have shown 

marked inhibiting effects on respiration of ‘d’Anjou’ (Argenta et al., 2003), ‘La France’ 

(Kubo et al., 2003) and ‘Bartlett’ (Argenta et al., 2016) pears. The weaker residual effect 

of CA-storage on the respiration rate of ‘Rocha’ pear maybe related to the sensitivity of 

‘Rocha’ pear to ethylene; even at lower ethylene production rates, the respiration 

increased in air at 20 °C. The inhibitory effect of CA on post-storage ripening is reported 

in apples (Brackmann et al., 1993), but ‘Rocha’ pear has a ripening capacity after long-

term CA-storage (Silva et al., 2010; Almeida et al., 2016). 

Changes in ATP and AEC. ATP concentrations remained higher in ‘Rocha’ pear 

stored in RA than in CA-storage conditions (Figure 3 A). 1-MCP treatment had a smaller 

effect on ATP concentration than the oxygen partial pressures. Very similar behavior was 

observed in ‘Conference’ pear (Saquet et al., 2003) and ‘Jonagold’ apple (Xuan and 

Streif, 2008). ‘Jonagold’ apple treated with 1-MCP at 625 nL L-1 had lower ATP 

concentrations during shelf-life after 8.5 months in CA-storage (Xuan and Streif, 2008). 



IX Simpósio Ibérico de Maturação e Pós Colheita 

Sessões Poster 

Actas Portuguesas de Horticultura nº 28 | 2ª Edição 252 

The changes in AEC during storage of ‘Rocha’ pear was similar to those observed 

in ATP concentrations (Figure 3 B). The energy metabolism, mainly regarding the ATP 

concentrations and AEC, has been considered an important and possible factor that can 

be involved in the development of internal disorders in apples and pears during long-term 

CA-storage (Saquet, et al., 2000, 2003, Veltman et al. 2003). 

 

Conclusions 

1-MCP at 150 µL L-1 reduced ethylene production and respiration rates further 

than the effect of low pO2 alone. Fruits stored at low pO2 had lower ATP concentrations 

and lower energy charge than fruit stored in RA-storage. However, the effect of pO2 on 

energy metabolism prevailed over that of 1-MCP treatment. 
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Tables and Figures 

 

 
Figure 1. Flesh firmness (A), skin color (B), acidity (C) and total soluble solids (D) after 

136 days in storage at -0.5 ºC and following 7 days shelf-life at 20 °C. Vertical bars are 

standard deviation. 
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Figure 2. Ethylene production rate (A) and respiration rate (B) of ‘Rocha’ pear during 9 

days shelf-life at 20 °C after 136 days in storage. Vertical bars are standard deviation. 

 

 
Figure 3. Changes in ATP (A) and adenylate energy charge (B) during storage of ‘Rocha’ 

pear. Vertical bars are standard deviation. 

  

 

 

 

 

 

 

 

 

 

 

 




