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Abstract 

 

Ripening of climacteric fruit such as papaya (Carica papaya L. cv.Sekaki) fruit depends on the ethylene action which later 

accompanied by softening process that can influence postharvest quality and storability of the fruit. Ethylene action inhibitors, 1-

Methylcyclopropene (1-MCP) has been found to inhibit ethylene action and thus it can delay the fruit ripening process. The effects of 

1-MCP on softening related changes were determined through skin color, weight loss, fruit firmness and activities of the cell wall 

degrading enzymes including α-galactosidase, β-galactosidase and pectinmethylesterase (PME) during ripening. In this study, fruit 

were treated with 90 ppb concentration of 1-MCP gaseous vapors for 12 hours in airtight container maintained at 20 oC. After 

treatments the fruit were randomly divided into two different storage temperature conditions; ambient temperature (28 oC) and low 

temperature (10 oC). Papayas at 10 oC conditions were packaged in polyethylene plastic stored for 4 weeks (28 days) and taken out 

on day 29 and left to ripen at ambient temperature (28 oC).Fruit treated with 1-MCP experienced a significant delayed in skin color 

development, weight loss and reduced firmness loss compared to the fruit without 1-MCP treatment. As softening progressed, 

activity of the cell wall degrading enzymes in fruit without 1-MCP treatment increased significantly coincident with a rapid declined 

in fruit firmness for both storage conditions. With 1-MCP, fruit demonstrated a delay in activity of cell wall degrading enzymes but 

continued to increase until 100 % yellow. Furthermore, the treated 1-MCP papaya fruit stored at 10 oC can retain shelf life for 5 days 

at ambient temperature without any spoilage from chilling injury (CI).Thus it may be concluded that the 1-MCP treatment may aid in 

delaying the softening process and further storage at low temperature extended the postharvest life and maintained the quality of the 

papaya fruit. 

 

Keywords: 1-methylcyclopropene (1-MCP); Carica papaya; cell wall degrading enzymes; firmness; softening related changes. 

Abbreviations: 1-MCP (1-Methylcyclopropene), CI (chilling injury), EDTA (ethylenediamminetetraacetate), LT (low temperature), 

PME (pectinmethylesterase), RT (room temperature). 

 

Introduction 

 

Papaya (Carica papaya L.) fruit, as with most climacteric 

fruit, have a short shelf life (Lazan et al., 1995). In 

climacteric fruit, such as papaya, the rise in ethylene 

production parallels the respiration rate and peaks at the same 

time as the respiratory climacteric (Paull and Chen 1983). 

Papaya fruit is susceptible to overripening caused by ethylene 

and ripening process is associated with dramatic changes in 

fruit texture.Texture or softness is an important physical 

attribute that has been associated with quality and storage life 

of fruit (Ali et al., 2004). Fruit softening is a major aspect of 

the ripening process and considered to be a consequence of 

cell wall modifications (Jeong and Huber 2004).In this 

situation, both ethylene and the integrity of cell walls are 

closely involved in one way or another. Ethylene antagonists, 

including 1-methylcyclopropene (1-MCP) binds ethylene 

receptors in an apparently noncompetitive way (Sisler and 

Serek 1997), have been identified useful for attenuating 

ethylene effect in plant tissues (Blankenship and Dole 2003). 

Papaya postharvest losses occurred due to overripening 

which lead to physiological disorders. Papaya treated with 1-

MCP delays ethylene production, climacteric respiration, skin 

color development and softening of papaya without affecting 

total soluble solids and fruit weight loss (Manenoi et al., 

2007; Shiga et al., 2009). 1-MCP is an effective inhibitor of 

ethylene action in a broad range of fruit, vegetables and 

floriculture crops. Papaya treated with 1-MCP a day after 

harvest demonstrated an increase days to reach the ripe stage, 

a delay in softening and reduction in ethylene production and 

respiration (Manenoi et al., 2007). This alteration of 

softening by 1-MCP provides an approach to determine how 

fruit ripening is regulated. Low temperature storage is the 

most commonly used technique to control ripening. Low 

temperature storage slows down enzymatic reactions such as 

those involved to respiration, senescence was found to be 

promising in minimizing loses of fruit quality. Arpaia and 

Kader (2002) observed that the respiratory activity of 

papayas, which was between 15 and 35 mL CO2 kg-1 h-1at 15 
oC, decreased to 4-6 mL CO2 kg-1 h-1 when fruit were 

transferred to 10 oC. According to Bron and Jacomino 

(2009), papaya respiratory activity, decreased during 20 days 

of storage at 11 oC, with respiration values of approximately 

7 mL kg-1 h-1. Therefore, low temperature storage can alter 

the process of papaya ripening. However, low temperature 

can be considered as a stress for papaya which is chilling 

sensitive to the extent of developing chilling injury 

symptoms after prolong periods of low temperature storage 
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(Ali et al., 2000). The purpose of this work was conducted to 

determine the effects of 1-MCP and low temperature storage 

on ripening of ‘Sekaki’ papaya fruit and the role of cell wall 

degrading enzymes involved in softening.  

 

Results and discussion 

 

Effects of 1-MCP on color changes, weight loss, chilling  

injury and firmness loss  

 

1-MCP treated ‘Sekaki’ papaya kept at ambient temperature 

had a delay in skin color development when compared with 

the control fruit. The control fruit reached 100 % yellow skin 

in about 5 days compared with 7 days for 1-MCP treated fruit 

(Fig 1a). When kept at 28 oC, both non-treated and fruit 

treated with 1-MCP showed increases in yellow color 

attainment. Fruit treated with 1-MCP attain their yellow color 

more slowly. Hofman et al. (2001) also observed that ‘Solo’ 

papaya treated with 1-MCP showed a slower attainment of 

yellow skin color and reached 100% yellow skin in 20 days 

compared with 5 days for non-treated 1-MCP fruit. In 

addition, papaya treated with 1-MCP exhibited completely 

yellow skin color on the seventh day of storage. Whilst, 

papaya fruit kept at LT storage able to maintain 5 % yellow 

skin throughout 28 days of  low temperature storage and skin 

color start to change when transferred to ambient 

temperature. Non-treated 1-MCP fruit kept LT reached the 

full ripe stage (100 % yellow skin) in 4 days at ambient 

temperature while 1-MCP treated papaya stored at LT, 

reached the full ripe stage in 5 days at ambient (Fig 1b). This 

provide additional evidence that color development is less 

ethylene dependent (Blankenship and Dole 2003) than 

softening once low temperature storage has affected ethylene 

production at 10 oC. 1-MCP reduced weight loss in ‘Sekaki’ 

papaya and the treated fruit experienced slower rate loss as 

compared in non-treated 1-MCP fruit during the storage. The 

non-treated 1-MCP fruit experienced 6.2 % water (fresh 

weight) loss on fifth day whilst 1-MCP treated fruit showed 

lower percentage of loss 4.5 % (Fig 2a) on the same day of 

ripening. Storage at LT reduced water loss significantly (0.2 

to 1.0 %). However, papaya stored at LT showed a drastic 

water loss when being transferred to ambient temperature. On 

the fourth day at ambient, non-treated 1-MCP fruit kept at LT 

showed 5.26 % of water loss meanwhile 1-MCP treated fruit 

demonstrated water loss of 6.33 % on the fifth day at ambient 

(Fig 2b). Salvador et al. (2004) also observed that ‘Rojo 

Brillante’ persimmon treated with 1-MCP and kept at 1 oC 

showed a slower rate of weight loss and later exhibited a 

rapid weight loss after been transferred at 20 oC. In addition 

to enhanced water loss, chilling injury (CI) symptoms, 

expressed as surface lesions and mesocarp discoloration 

started to appear in fruit kept at LT storage (data not shown). 

Non-treated 1-MCP fruit at LT exhibited CI earlier on the 

second at ambient and all fruit developed decay rapidly in the 

lesions despite being relatively firmer on the fourth day at 

ambient. The CI symptoms were noticeable in 1-MCP treated 

fruit on the fifth day at ambient and the CI was less 

pronounced as compared to non-treated 1-MCP fruit (data not 

shown). These physiological disorders might be indicative of 

subtle damages to membrane systems (Ali et al. 2004). For 

‘Sekaki’ papaya, CI symptoms were less noticed in fruit 

treated with 1-MCP while in non-treated 1-MCP fruit the CI 

symptoms were more pronounced throughout the ripening. 

According to Jiang et al. (2004), in banana CI caused the 

membrane of certain protein such as ethylene receptor losses 

its function thus resulting in failure to ripening normally. 

Application of 1-MCP as a blocker of ethylene receptors 

prior to low temperature storage was effective in reducing the 

CI symptoms on the skin of fruit. Previous studies showed 

that, 1-MCP application due to LT storage reduced CI 

symptoms including surface browning in avocado (Pesis et 

al. 2002) and apple (Watkins 2006). 

Besides color, fruit texture as characterized in tissue 

firmness, also changed with ripening. Firmness loss was 

relatively gradual as the fruit ripened at ambient temperature 

and control fruit exhibited a sharp decrease in firmness, 

almost reaching consumption firmness (≤20 N) on the third 

day of storage. The highest losses in firmness were observed 

on the second days of storage at ambient, papaya lost almost 

50 % of their initial firmness (Fig 3a). Fruit firmness is 

associated to an increase of pectin solubility and 

depolymerization of matrix polysaccharides which is 

believed to be a major contributor in reduced rigidity of cell 

walls that lead to fruit softening (Brummell 2006). Fruit 

receiving 1-MCP application maintained a high and constant 

firmness reading as compared to control until reached full 

ripe stage. Firmness retention in fruit treated with 1-MCP has 

been verified in many climacteric species, such as apricot, 

plum (Dong et al., 2002), avocado (Jeong et al., 2002), apple 

(Pre-Aymard et al., 2003; Watkins 2006) and also in non-

climacteric species such as guavas (Bassetto et al., 2005) and 

strawberries (Jiang et al., 2001). Firmness was maintained 

even with the gradual loss in treated fruit which suggests that 

a minimum ethylene concentration is essential for a certain 

period in order to initiate necessary ripening process and 

continue the loss of firmness. Firmness losses reduced in fruit 

stored at LT and were still firm until 28 days of storage. 

Drastic firmness loss was observed when fruit been 

transferred into ambient temperature. Non-treated 1-MCP 

fruit at LT experienced almost 50 % of their initial firmness 

after one day of low temperature storage (Fig 3b). Chen and 

Paull (1986) also observed a reduction in firmness in papayas 

stored at 2 oC. In the present study, non-treated fruit 

continued to decrease in firmness after low temperature 

storage and reaching consumption condition after 3 days at 

28 oC. 1-MCP treatment changed the pattern of papaya 

softening rate when the fruit did not lose firmness during low 

temperature storage and showed firmness values of 114.9 N 

after 28 days of storage at 10 oC (Fig 3b). However, a drastic 

decline in firmness was observed when fruit were transferred 

to ambient. Treated fruit with 1-MCP at LT showed a 

reduction in firmness more than 60 % of their initial firmness 

on the fourth day of storage. With this softening, the fruit 

treated with 1-MCP reach consumption firmness after the 

fourth day of storage. Application of 1-MCP prior to low 

temperature storage reduced ethylene-induced softening and 

decreased CI symptoms of the fruit. The results of the present 

study showed that 1-MCP was able of protecting the tissue 

against ethylene by blocking the binding site on the ethylene 

receptor, as suggested by Sisler & Serek (1997). Treatment 

with 1-MCP delayed ethylene-induced fruit ripening in 

‘Sekaki’ papaya tested. The inhibitory effect of 1-MCP did 

not last long in fruit treated with 1-MCP at low temperature 

storage and thereafter the resumed normal ripening soon been 

transferred into ambient temperature. Over time, the fruit 

started to initiate and recover ethylene production and 

sensitivity.  

 

Effects of 1-MCP on cell wall degrading enzymes activity 

 

Ripening of papaya is accompanied by a relatively high 

softening rate which was paralleled by a gradual increase in 

activities of the cell wall enzymes; α-, β-galactosidase and 

pectin methylesterase (PME). α-galactosidase activity began 
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to increase on the second day with values of approximately 

1.98 nkatal/g fw and coincident with the decreased in fruit 

firmness and continued to increase throughout fruit ripening 

(Fig 3a compared to Fig 4a). The greatest increase occurred 

between third and fourth day of storage at ambient with 

values of approximately 2.89 and 4.14 nkatal/g fw 

respectively (Fig 4a). In ripening papaya, α-galactosidase 

activity was correlated closely with firmness loss (Ali et al. 

1998). Treatment with 1-MCP lowered the rate of α-

galactosidase activity level on the second day with values of 

approximately 1.76 nkatal/g fw and the enzyme activity 

started to accelerated when fruit reached the fourth day of 

storage and highest activity level occurred at full ripe stage 

(Day 7) with values of approximately 4.1 nkatal/g fw (Fig 

4a). However the enzyme activity for non-treated and treated 

fruit with 1-MCP at ambient increased gradually throughout 

ripening. During LT storage, the activity of α-galactosidase 

was suppressed completely and begins to increase as soon as 

fruit were transferred to ambient condition. Control fruit 

showed highest α-galactosidase level on the second and third 

day at ambient with values of 1.9 and 2.8 nkatal/g fw 

respectively and continued to increase until fruit reached later 

stage of ripening which was on the fifth day at ambient with 

values of 4.68 nkatal/g fw (Fig 4b). Whilst, 1-MCP treated 

fruit showed the lower rate of α-galactosidase activity level 

as compared to control with highest activity level occurred on 

the sixth day at ambient when fruit reached later stage of 

ripening with values of 3.38 nkatal/g fw (Fig 4b). The 

significance of α-galactosidase in modifying the cell wall is 

still uncertain but there are reports suggesting that α-

galactosidase have transglycosylation activities that might be 

relevant to cell wall modification during fruit growth and 

development (Soh et al., 2006). β-galactosidase activity was 

present at early ripening and increased coincident with a 

significant decline in fruit firmness.Control fruit at ambient 

showed a significant increase in β-galactosidase activity on 

the second day and reaching a maximum value of 8 nkatal/g 

fw on the fifth day of storage (Fig 5a). However,the enzyme 

activity was delayed by 1-MCP treatment significantly until 

later stage of ripening (Day 7 of storage) with values of 

approximately 6.67 nkatal/g fw. In addition, the enzyme 

activity appeared later to increase gradually throughout 

ripening for both control and treated fruit (Fig 5a). The 

decline in β-galactosidase activity at the later stage of 

ripening does not occur in ‘Eksotika’ and ‘Maradol’ papaya 

and may explain why β-galactosidase was regarded as being 

significant in overall papaya softening (Lazan et al., 1995; 

Sanudo-Barajas et al., 2009). A similar pattern of β-

galactosidase activity to that which occurs in ‘Sekaki’ papaya 

has been observed in ‘Eksotika’ and ‘Maradol’ papaya. 

Significant β-galactosidase activity in control fruit kept at LT 

storage was constant and did not showed any increase. After 

removal from LT storage, the activity started to increase 

slowly on second day at ambient (Fig 5b) and soon 

constantly increased reaching values of 6.74 nkatal/g fw on 

the fifth day at ambient. The 1-MCP treated fruit showed a 

lower β-galactosidase activity than control fruit but later the 

enzyme level slowly increased reaching values of 

approximately 6.3 nkatal/g fw on the sixth day (Fig 5b). 1-

MCP application prior to storage at LT had inhibitory effects 

on β-galactosidase and the enzyme activity was delayed 

during low temperature storage. The existence of multiple β-

galactosidase isoforms having different substrate specificity 

was reported from tomato (Moctezuma et al., 2003; Bennett 

and Labavitch 2008; Rugkong et al., 2010), ‘La France’ pear  

 

 

 
 

Fig 1. Skin color development of ‘Sekaki’ papaya stored at 

28 oC (a) and stored at 10 oC for 28 days, followed by storage 

at 28 oC (b). Dotted box indicate the low temperature storage 

period. 

 

 

(Mwaniki et al., 2005), papaya (Othman et al., 2011) and 

carambola (Balasubramaniam et al., 2005).  Among three 

papaya β-galactosidase isozymes (β –gal I to III), β –gal II 

had been suggested to play essential role in papaya fruit 

softening and this isoform was detected being expressed 

continuously in papaya until ripening (Ali et al., 1998). 

Pectin methylesterase (PME) activity in control fruit at 

ambient increased rapidly in the early stage of ‘Sekaki’ 

papaya storage and continued to increased until the later 

stage of ripening, mainly after the third day (Fig 6a). Similar 

pattern of activity also observed in 1-MCP treated fruit at 

ambient and PME activity tend to constant up but in slower 

rate. The pattern detected in this study does not agreed with 

those of Thumdee et al. (2010) where treated 1-MCP papaya 

ripens at ambient tended to have higher PME activity than 

non-treated 1-MCP fruit. Highest PME peak in control 

occurred during final day of storage with values of 

approximately 221.45 nequal/s/g fw but 1-MCP treatment 

delayed it and managed to slow down accelerated PME 

activity with values of activity 167.3 nequal/s/g fw on the 

seventh day of storage (Fig 6a). According to Chen and Paull 

(1983), PME is readily detected before ripening and the 

activity increases during the softening progress. The increase 

in PME activity during ripening was reported in kiwi, peach 

(Bennett and Labavitch 2008), avocado (Wakabayashi et al., 

2000) and papaya (Manrique and Lajolo 2004). PME activity 

in LT storage was slightly different than ambient fruit 

whereby rate activity of control fruit at LT accelerated in the 

early stage of ripening as soon as been transferred to ambient. 

Later the activity remained fairly constant with values of  

 

 

 



753 
 

 
 

 

Fig 2. Weight loss of ‘Sekaki’ papaya papaya stored at 28 oC 

(a) and stored at 10 oC for 28 days, followed by storage at 28 
oC (b). Dotted box indicate the low temperature storage 

period. Vertical bars represent S.E of the mean (n=6).  

 

approximately from 74.4 to 117.9 nequal/s/g fw on the first 

day until third day at ambient before accelerated significantly 

during full ripe stage and tend to show higher activity than 

control fruit at ambient with values of activity 233.6 

nequal/s/g fw (Fig 6b). Both 1-MCP treatment and storage at 

LT suppressed PME activity with values of activity from 

56.3 to 59.3 nequal/s/g fw on the first day until third day at 

ambient and the level constantly increased until the fifth day 

of storage with values of approximately 161 nequal/s/g fw 

(Fig 6b). PME activity levels peaked during full ripe stage 

and gradually increased but lower as compared to non-treated 

1-MCP fruit. Fruit softening is a major aspect of the ripening 

process in papaya and is considered to be a consequence of 

compositional and structural changes in cell wall that 

involves pectin solubilization and depolymerization and 

accompanied by increasing hydrolyses enzyme activity such 

as β-galactosidase, PME and α-galactosidase (Ali et al., 

1998; Chen and Paull 2003; Thumdee et al., 2010). 

 Storage at LT is used widely to extend postharvest fruit life 

and maintain quality (Sun et al., 2010). The use of low 

temperature storage means to delay ripening by reducing 

ethylene production, respiration rate, softening, the increase 

in total soluble solid (TSS) and the reduction in total acidity 

(TA) (Diaz-Mula et al., 2011). Most plant cell metabolism 

was suppressed in low temperature condition. In this present 

study, tissue firmness in papaya was maintained during 28 

days at 10 oC storage and declined firmness occurred when 

fruit been transferred to ambient (Fig 3b). One that 

contributes to delayed firmness loss was the activity of cell  

 

 

 
 

 

Fig 3. Firmness loss of ‘Sekaki’ papaya papaya stored at 28 
oC (a) and stored at 10 oC for 28 days, followed by storage at 

28 oC (b). Dotted box indicate the low temperature storage 

period. Vertical bars represent S.E of the mean (n=6).  

 

wall degrading enzymes been suppressed when fruit stored at 

LT. In carambola, storage at 5 oC and 10 oC suppressed the 

firmness loss, delayed the pectin modification in cell wall, 

while it also retarded the increase in the activities of PME 

and β-galactosidase (Ali et al., 2004). Kovacs and 

Szerdahelyi (2002) also reported that β-galactosidase activity 

in apricot markedly retarded when stored at LT storage. 

Similar effects of low temperature storage in suppressing 

PME activity have also been observed for ‘Fuji’ apple (Wei 

et al., 2010). Papaya stored at 5 oC exhibited an increase in 

PME activity for two days and later the enzyme activity was 

maintained throughout the low temperature storage period 

(Karakurt and Huber 2003). On the other hand Rugkong et al. 

(2010) observed that PME activity was not affected by low 

temperature storage even though PME gene expression was 

reduced in chilled fruit during low temperature storage. The 

softening of climacteric fruit such as papaya correlated well 

with the ethylene emission. 1-MCP application inhibited 

ethylene production thus reduced the ethylene responses by 

suppressing the synthesis of degradation enzymes 

(Blankenship & Dole 2003).  In ‘Fuji’ and ‘Golden 

Delicious’ apple, 1-MCP application retarded the 

polygalacturonase (PG), PME and β-galactosidase activity 

levels and  thus delayed fruit softening (Wei at al., 2010). 1-

MCP inhibition might occur at enzymic level, since it has 

been reported that 1-MCP suppressed ethylene production in 

tomato during ripening by strongly inhibiting the increase in 

ACS and ACO enzyme activity (Nakatsuka et al., 1997). In 

this present study, 1-MCP suppressed β-galactosidase, PME  
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Fig 4. α-galactosidase activity of ‘Sekaki papaya’ stored at 

28 oC (a) and stored at 10 oC for 28 days, followed by storage 

at 28 oC (b).Dotted box indicate the low temperature storage 

period. Vertical bars represent S.E of the mean (n=6).  

 

and α-galactosidase in papaya, then increased until later stage 

of ripening (Figs 4, 5 and 6) so we assume that these cell wall 

degrading enzymes activity was delayed by 1-MCP but not 

prevented and thus papaya resumed normal ripening. This is 

thought that 1-MCP binds permanently to receptors present at 

the time of treatment and resumption of ethylene sensitivity 

is due to appearance of new binding sites on the ethylene 

receptors or disassociation of 1-MCP from the receptor 

though there is little supporting data for either possibility 

(Blankenship & Dole 2003; Chervin et al., 2004). According 

to Tatsuki et al. (2007), suggested that the amounts of 

ethylene production and of ethylene receptors present when 

1-MCP is applied and the amounts that are induced after 1-

MCP treatment are the keys to 1-MCP efficacy. In addition, 

‘Sekaki’ papaya treated with 1-MCP (90 ppb) was found to 

soften completely without developing ‘rubbery’ texture when 

ripe whereas Manenoi et al. (2007) reported that papaya fruit 

treated with 50-1000 nL L-1 1-MCP at color break had a 

rubbery texture when reached 100 % skin yellowing.  

 

Materials and methods  
 

Papaya fruit (Carica papaya L.) cv. Sekaki were harvested 

from private farm in Pagoh, Johor (Malaysia) at stage 2 (in 

which yellow color covers 5% of the skin’s surface).The 

selected fruit were uniform in size and free from external 

defect and were then transported to Universiti Kebangsaan 

Malaysia, Bangi (Malaysia). Fruit were treated according to 

Lazan et al. 1995.The fruit were rinsed with water, air dried, 

soaked in 0.02 % prochloraz for 5 minutes and left to dry.  

 

 

 
 

Fig 5. β-galactosidase activity of ‘Sekaki papaya’ stored at 

28 oC (a) and stored at 10 oC for 28 days, followed by storage 

at 28 oC (b).Dotted box indicate the low temperature storage 

period. Vertical bars represent S.E of the mean (n=6). 

 

Half of the fruit were placed into airtight chambers (15 L) 

and exposed to 90 ppb of 1-MCP (SmartFresh, Agrofresh 

Rohm and Haas, Philadelphia, USA) for 12 hours at 28 oC. 

The other half of the fruit was placed in the similar airtight 

chamber with the same temperature conditions but without 

the 1-MCP treatment. After the treatment, half of the 

untreated fruit and half of the fruit treated with 1-MCP were 

stored at 10 oC for 28 days, while the remaining fruit were 

kept at 28 oC for ripening. After the low temperature storage 

period, fruit were removed from storage and kept at 28 oC 

until the ripening process was complete. In summary, the 

experiment was composed of the following treatments: 

a. Fruit not treated with 1-MCP and kept at 28 oC; b. Fruit 

treated with 1-MCPand kept at 28 oC; c. Fruit not treated 

with 1-MCP and stored at 10 oC for 28 days and then kept at 

28 oC thereafter; and  d. Fruit treated with 1-MCP, stored at 

10 oC for 28 days and then kept at 28 oC thereafter. During 

storage at ambient, skin color, weight loss, fruit firmness and 

cell wall degrading enzymes activities were analyzed 

according to ripening stage. At day 0 (right before low 

temperature storage), day 28 (after low temperature storage) 

and after fruit transferred to ambient, skin color, weight loss, 

fruit firmness and cell wall degrading enzymes activities 

were also analyzed according to ripening stage.  Fruit skin 

color was recorded as color indices/ripening stages according 

to the papaya maturity.  Stage 1: mature green; stage 2: light 

green (5 % yellow skin); stage 3; yellowish green (25 % 

yellow skin); stage 4: yellow (50 % yellow skin); stage 5: 

yellowish orange (75 % yellow skin); stage 6: orange (100 % 

yellow skin) (Federal Agricultural Marketing Authority  
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Fig 6. PME activity of ‘Sekaki papaya’ stored at 28 oC (a) 

and stored at 10 oC for 28 days, followed by storage at 28 oC 

(b).Dotted box indicate the low temperature storage period. 

Vertical bars represent S.E of the mean (n=6). 

 

Malaysia, 2008). Weight (water) loss was expressed as 

percentage of fresh weight against initial weight at harvest. 

Fruit weight was taken every day using an electronic scale 

(Mettler PJ3000, Switzerland). Firmness determination was 

carried out prior to tissue sampling for enzyme analysis 

according to Chin et al. (1999). Briefly, tissues firmness 

determinations were made on the cuts surface located on the 

middle section of the fruit using a McCormick Pressure 

Tester (Model FT327-12, Milan, Italy). Firmness readings 

were made on three sites and were expressed as Newton (N). 

This process was repeated for six fruit. Chilling injury was 

expressed as percentage of fruit with skin browning (based 

on the number of affected fruit against total number of fruit 

in particular treatment) (Ali et al., 2004). For tissue sampling, 

the entire mesocarp were cut into small cubes (~1 cm3), 

frozen in liquid nitrogen and kept at -70 oC until needed for 

enzyme analysis. For enzymes analysis, raw enzymes were 

extracted at 4 oC. About 10 g of tissue was homogenized 

(Edmund Buhler 7400, Tubingen, Germany) in 10 ml 0.1 M 

sodium citrate, pH 4.6, containing 1 M NaCi, 13 mM EDTA, 

10 mM β-mercaptoethanol and 2 % (w/v) 

polyvinylpyrrolidone (PVP-40) and the protein crude extract 

was then left for 1 hour with occasional stirring. Supernatant 

was recovered by centrifugation (Sorval RC-5B Superspeed) 

at 29 000 x g for 30 min (Ali et al., 1998). Assays for α-

galactosidase and β-galactosidase were according to Soh et 

al. (2006) and Chin et al. (1999) respectively.  α-

galactosidase was assayed in a reaction mixture containing 

0.52 ml 0.1 M sodium citrate pH 3, 0.4 ml 0.1 % (w/v) 

bovine serum albumin and 0.4 ml 4 mM substrate p-

nitrophenil-α-D-galactopiranosidasa (Sigma) and 0.08 ml of 

undesalted crude extract incubated for 15 min at 37 oC. As 

for β-galactosidase, 0.52 ml 0.1 M sodium citrate pH 4.1 and 

0.4 ml 13 mM p-nitrophenil- β-D-galactopiranosidase was 

used in the assay. The reaction was stopped by adding 2 ml 

0.2 M sodium carbonate and the amount of p-nitrophenol 

formed was determined from the absorption at 415 nm. Six 

replication were used, each of which consisted of a single 

fruit according to ripening stage. 

Assay for pectin methylesterase was according to Lazan et al. 

(1995). PME was determined by titrating the release of 

carboxyl groups by the action of PME on the substrate with 

0.1 M NaOH to pH 7.3 for 10 min. The assay mixture 

consisted of 0.5 ml of undesalted crude extract and 25 ml 1 % 

pectin. Boiled enzyme was used as a control in all the assays. 

All the enzymes activities expressed as nkatal g-1 fresh 

weight, except for PME which was expressed as nequivalent 

carboxyl group formed s-1 g-1 fresh weight.  Six replication 

were used, each of which consisted of a single fruit according 

to ripening stage. The same fruit were used during the entire 

enzyme analysis period. The data were analyzed for 

significance difference by applying variance analysis 

(ANOVA) using the SAS statistical package (SAS, Institute 

Inc. Cary, NC). Data represented in the figures were 

subjected to mean separation by the LSD (Least Significance 

Difference) test (p = 0.05). 

 

Conclusion 

 

The choice of ‘Sekaki’ papaya as the subject of research due 

to different cultivar of papaya might provide new insights 

and advance understanding into plant ethylene responses 

including softening related changes. We concluded that 1-

MCP (90 ppb) able to delay the attainment of full yellow 

coloration, retard loss of tissue firmness in ‘Sekaki’ papaya. 

It also delayed the increased in cell wall degrading enzymes 

activities. In addition, 1-MCP treated fruit were able to soften 

completely at later ripening stage. 

 

Acknowledgements 
 

We would like to thank the Ministry of Science, Technology 

and Innovation of Malaysia (MOSTI) for financial support 

(IRPA grant: 05-01-02-SF024 and UKM-RB-06-FRGS0186-

2010). We would also like to thank Universiti Malaysia 

Terengganu for sponsoring author’s postgraduate studies. 

 

References 
 

Ali ZM, Chin LH, Marimuthu M, Lazan H (2004) Low 

temperature storage and modified atmosphere packaging of 

carambola fruit and their effects on ripening related texture 

changes, wall modification and chilling injury symptoms. 

Postharvest Biol Technol 33:181-192 

Ali ZM, Ng CH, Chua ST, Othman R,  Lazan H (2000) Heat 

treatment alleviates chilling injury symptoms, retards 

texture changes and maintains the capacity to produce 

ethylene in papaya fruits. Refrigerator Science and 

Technology Proceedings Abstract. Organized by 

International Institute of Refrigeration. Murcia, Spain, 19-

21 October 2000. 

Ali ZM, Ng SY, Othman R, Goh LY, Lazan H (1998) 

Isolation, characterization and significance of papaya β-

galactosidase to cell wall modification and fruit softening 

during ripening. Physiol Plant 104:105-115 

Arpaia ML, Kader AA (2002) Papaya 

http://postharvest.ucdavis.edu/PFFruits/Papaya. Accessed 

27 September 2010 

Balasubramaniam S, Lee CH, Lazan H, Othman R, Ali ZM 

(2005) Purification and properties of a β-galactosidase from 

http://postharvest.ucdavis.edu/PFFruits/Papaya


756 
 

carambola fruit with significant activity towards cell wall 

polysaccharides. Phytochemistry 66:153-163 

Bassetto E, Jacomino AP, Pinheiro, AL, Kluge, RA (2005) 

Delay of ripening of ‘Pedro Sato’ guava with 1-MCP. 

Postharvest Biol Technol 35:303-308 

Bennett AB, Labavitch, JM (2008) Ethylene and ripening-

regulated expression and function of fruit cell wall 

modifying proteins. Plant Sci 175: 130-136 

Blankenship SM, Dole JM (2003) 1-methylcyclopropene: A 

review. Postharvest Biol Technol 28:1-25 

Bron IU, Jacomino AP (2009) Ethylene action blockade and 

cold storage affect ripening of ‘Golden’ papaya fruit. Acta 

Physiol Plant 31:1165-1173 

Brummell DA (2006) Cell wall disassembly in ripening fruit. 

Fuctional Plant Biol 33:103-119 

Chen NJ, Paull, RE (2003) Endoxylanase expressed during 

papaya fruit ripening purification, cloning and 

characterization. Functional Plant Biol 30: 433-441 

Chen NJ, Paull RE (1986) Development and prevention of 

chilling injury in papaya fruit. J Am Soc Hortic Sci 

111:639-643 

Chervin C, El-Kereamy A, Roustan JP, Latche A, Lamon J, 

Bouzayen M (2004) Ethylene seems required for the berry 

development and ripening in grape, a non-climacteric fruit. 

Plant Sci 167:1301-1305 

Chin LH, Ali ZM, Lazan H (1999) Cell wall modifications, 

degrading enzymes and softening of carambola fruit during 

ripening. J Exp Bot 50(335):767-775 

Diaz-Mula HM, Martinez-Romero D, Castillo S, Serrano M, 

Valero D (2011) Modified atmosphere packaging of yellow 

and purple plum cultivars. 1-effect on organoleptic quality. 

Postharvest Biol Technol 61: 103-109 

Dong L, Lurie S, Zhou H (2002) Effect 1-

methylcyclopropene on ripening ‘Canino’ apricots and 

‘Royal Zee’ plums. Postharvest Biol Technol 24: 135-145 

Hofman PJ, Jobin-Décor M, Meiburg GF, Macnish AJ, Joyce 

DC (2001) Ripening and quality responses of avocado, 

custard apple, mango and papaya fruit to 1-

methylcyclepropene. Aus J Exp Agric 41: 567-572 

Jeong J, Huber DJ (2004) Suppression of avocado (Persea 

americana Mill.) fruit softening and changes in cell wall 

matrix polysaccharides and enzyme activities: differential 

responses to 1-MCP and delayed ethylene application. J 

Amer Soc Hort Sci 129(5):752-759  

Jeong J, Huber DJ, Sargent SA (2002) Influence of 1-

methylcyclopropene (1-MCP) on ripening and cell wall 

matrix polysaccharides of avocado (Persea americana) 

fruit. Postharvest Biol Technol 25:241-364 

Jiang Y, Joyce DC, Jiang W, Lu W (2004) Effects of chilling 

temperatures on ethylene binding by banana fruit. Plant 

Growth Regulation 43:109-115 

Jiang Y, Joyce DC, Terry LA (2001) 1-methylcyclopropene 

treatment affects strawberry fruit decay. Postharvest Biol 

Technol 23: 227-232 

Karakurt Y, Huber DJ (2003) Activities of several membrane 

and cell wall hydrolases, ethylene biosynthetic enzymes 

and cell wall polyuronide degradation during low 

temperature storage of intact and fresh cut papaya (Carica 

papaya) fruit. Postharvest Biol Technol 28:219-229 

Kovacs E, Szerdahelyi EN (2002) β-galactosidase activity 

and cell wall breakdown in apricots. J Fd Sci 67(6): 2004-

2008 

 

 

 

 

Lazan H, Selamat MK, Ali ZM (1995) β-galactosidase, 

polygalacturonase and pectinesterase in differential 

softening and cell wall modification during papaya fruit 

ripening. Physiol Plant 94:106-112 

Manenoi A, Bayogan, ERV, Thumdee S, Paull RE (2007) 

Utility 1-methylcyclopropene as a papaya postharvest 

treatment. Postharvest Biol Tech 44:55-62 

Manrique GD, Lajolo FM (2004) Cell wall polysaccharides 

modifications during postharvest ripening of papaya fruit 

(Carica papaya). Postharvest Biol Technol 33:11-26 

Moctezuma E, Smith DL, Gross KC (2003) Effect of 

ethylene on mRNA abundance of three β-galactosidase 

genes in wild type and mutant tomato fruit. Postharvest 

Biol Tech 28:207-217 

Mwaniki MW, Mathooko FM, Mikio M, Hiwasa K, Tateishi 

A, Ushijima K, Nakano R, Inaba A, Kubo Y (2005) 

Expression characteristics of seven members of the β-

galactosidase gene family in ‘La France’ pear (Pyrus 

communis L.) fruit during growth and their regulation by 1-

methylcyclopropene during postharvest ripening. 

Postharvest Biol Technol 36: 253-263 

Nakatsuka A, Shiomi S, Kubo Y, Inaba Y (1997) Expression 

and internal feedback regulation of ACC synthase and 

ACC oxidase genes in ripening tomato fruit. Plant Cell 

Physiol 38:1103-1110 

Othman R, Huei LC, Tzee SC, Ali ZM (2011) Three β-

galactosidase cDNA clones related to fruit ripening in 

papaya (Carica papaya). Acta Physiol Plant 33(6): 2301-

2310. 

Paull RE, Chen NJ (1983) Postharvest variation in cell wall-

degrading enzymes in papaya (Carica papaya L.) during 

fruit ripening. Plant Physiol 72(2):382-385 

Pesis E, Ackerman M, Ben-Arie R, Feygenberg O, Feng X, 

Apelbaum A, Goren R, Prusky D (2002) Ethylene 

involvement in chilling injury symptoms of avocado during 

cold storage. Postharvest Biol Technol 24:171- 181 

Pre-Aymard C, Weksler A, Lurie S (2003) Responses of 

‘Anna’, a rapidly ripening summer apple to 1-

methylcyclopropene. Postharvest Biol Technol 27:163-170 

Rugkong A, Rose JKC, Lee SJ, Giovanni JJ (2010) Cell wall 

metabolism in cold-stored tomato fruit. Postharvest Biol 

Technol 57:106-113 

Salvador A, Arnal L, Monterde A, Cuquerella J (2004) 

Reduction of chilling injury symptoms in persimmon fruits 

cv. ‘Rojo Brillante’ by 1-MCP. Postharvest Biol Technol 

33: 285-291 

Sanudo-Barajas JA, Labavitch J, Greve C, Osuna-Enciso T, 

Muy-Rangel D, Siller-Cepeda J (2009) Cell wall 

disassembly during papaya softening: Role of ethylene in 

changes in composition, pectin-derived oligomers (PDOs) 

production and wall hydrolases. Postharvest Biol Technol 

51: 158-167 

Shiga TM, Fabi P, Olivera do Nascimento JR, Petkowicz 

CLO, Vriesmann LC, Lajolo FM, Cordenunsi BR (2009) 

Changes in cell wall composition associated to the 

softening of ripening papaya: Evidence of extensive 

solubilization of large molecular mass galacturonides. J 

Agric Fd Chem 57:7064-7071 

Sisler EC, Serek M (1997) Inhibitors of ethylene responses in 

plant at the receptor level: recent developments. Physiol 

Plant 100:577-582 

 

 

 

 

 



757 
 

Soh CP, Ali ZM, Lazan H (2006) Characterization of an α-

galactosidase with potential relevance to ripening related 

texture changes. Phytochemistry 67: 242-254 

Sun JH, Chen JY, Kuang JF, Chen WX, Lu WJ (2010) 

Expression of sHSP genes as affected by heat shock and 

cold acclimation in relation to chilling tolerance in plum 

fruit. Postharvest Biol Technol 55: 91-96 

Tatsuki M, Endo A, Ohkawa H (2007) Influence of time from 

harvest to 1-MCP treatment on apple fruit quality and 

expression of genes for ethylene biosynthesis enzymes and 

ethylene receptors. Postharvest Biol Technol 43:28-35 

Thumdee S, Manenoi A, Chen NJ, Paull, RE (2010) Papaya 

fruit softening: role of hydrolases. Tropical Plant Biol 3(2): 

98-109 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wakabayashi K, Chun JP, Huber DJ (2000) Extensive 

solubilization and depolymerization of cell wall 

polysaccharides during avocado (Persea americana) 

ripening involves concerted action of polygalacturonase 

and pectinmethylesterase. Physiol Planta 108: 345-352 

Watkins CB (2006) The use of 1-methylcyclopropene (1-

MCP) on fruits and vegetables. Biotechnology Advances 

24(4): 389-409 

Wei JM, Ma FW, Shi SG, Qi XD, Zhu XQ, Yuan JW (2010) 

Changes and postharvest regulation of activity and gene 

expression of enzymes related to cell wall degradation in 

ripening apple fruit. Postharvest Biol Technol 56: 147-154 


