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ABSTRACT 
 

1- Methylcyclopropene (1-MCP) has been identified as a safe chemical tested successfully in 
extending shelf life while maintaining quality of plant products. 1-MCP, at very low concentrations, 
usually blocks ethylene receptors and then inhibits the action of ethylene delaying further ripening 
and senescence. Several studies have been conducted elsewhere for delaying ripening of different 
banana cultivars such as Cavendish, Prata, Tella Chakkerakeli, Beragan and Kolikuttu. 
Physiological reactions related with ripening of banana are delayed by inhibition of ethylene 
perception, while ethylene synthesis of banana fruit can be regulated at suppressed levels of ACS 
and ACO by 1-MCP. The effectiveness of 1-MCP on bananas varies with the maturity of the fruit. 
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Fumigation, the conventional application method, has some limitations, particularly long exposure 
duration, uneven ripening and green ripening in bananas. Application of 1-MCP in aqueous form is 
recently developed to minimize these limitations. Micro-bubbling and controlled release packaging 
technologies are effective tools of application of 1-MCP on bananas. This review compiles and 
critically analyses the existing knowledge on the technological use of 1-MCP, clarifies 
inconsistencies in different publications. 

 
 
Keywords: 1-methylcyclopropene; banana; ethylene; ripening; shelf life. 
 
1. INTRODUCTION 
 
Banana (Musa acuminata Colla) is a climacteric 
fruit crop and widely grown in tropical countries 
having a high consumer demand throughout the 
world. A major problem found in banana industry 
is high postharvest losses owing to its short 
postharvest life [1]. Ripening of banana is 
initiated either by endogenous ethylene which is 
evolved naturally when banana fruit reaches its 
full maturity stage or by using commercially 
available products which release ethylene gas.  
 
Hence, altering ethylene production level and 
inhibitors for ethylene sensitivity are influential 
tools to elucidate the ethylene action in banana 
fruit ripening [2]. 1-methylecyclopropene (1-MCP) 
is found to be able to delay the ripening process 
of mature-green fruits. Use of 1-MCP is widely 
demonstrated in ripening of Cavendish, 
harvested at pre-climacteric stage [3]. As an 
ethylene blocker, 1-MCP hinders the ethylene 
effect on a wide variety of vegetables, fruits and 
ornamentals. It is stable at room temperature, 
active at very low levels of concentrations (2.5 
nL/L–1µL/L), non-toxic as Generally Recognized 
As Safe (GRAS) compound recommended by 
United States Department of Agriculture (USDA). 
1–MCP can regulate the ethylene synthesis of 
banana fruits at suppressed record levels of 
Aminocyclopropane-1-carboxylic acid synthase 
(ACS) and Aminocyclopropane carboxylate 
oxidase (ACO) genes. Simultaneously, it inhibits 
the ethylene sensitivity resulting delayed 
physiological changes of ripening [2].  
 
Furthermore, the effect of 1-MCP on respiration, 
chlorophyll degradation, softness, diseases, 
disorders, acidity and sugar content has been 
studied in 16 horticultural produce [4]. Many 
research studies as mentioned in the paper have 
been carried out to prolong the banana shelf life 
around the world which has been conducted 
under diverse conditions for variety of cultivars. 
Further, different modes of application are used 
for 1-MCP treatment such as fumigation and 
aqueous form. The effect of 1-MCP on fruits 

depends upon cultivar, maturity, concentration, 
temperature, duration and application technique, 
exposure and storage environment [5]. This 
article presents a critical review on application of 
1-MCP in delaying the ripening of banana and its 
related postharvest qualities. 
 
2. METHYLCYCLOPROPENE (1-MCP): 

GENERAL USE 
 
Three generations of ethylene antagonists (2, 5-
norbornadiene and its analogs, 
diazocyclopentadiene and cyclopropenes) that 
can effect on fruit ripening and senescence have 
been developed by Edward Sisler and coworkers 
[6]. Here, 1-Methylcyclopropene (1-MCP) among 
these cyclopropenes is so far the most effective 
ethylene inhibitor [7]. Buanong et al, [8] and 
Kebenei et al, [9] had also mentioned that 
although other cyclopropenes employ more 
inhibition of ethylene action than the methyl 
derivative, 1-MCP remains the cyclopropene of 
choice for suppressing ethylene responses for 
ease of use in case of easiness.1-MCP is very 
effective odourless ethylene antagonist with 
54.09 molecular weight, stable at room 
temperature and has a non-toxic mode of action, 
with low (< 0.1 ppm) measurable residues in 
fruits. Its chemical formula is C4H6. Several 
characteristics of 1-MCP such as, active at very 
low concentrations such as at levels of parts per 
billion, easily applicable gaseous molecule, a 
clear safety profile and not leaving residues in 
treated produce are reported in getting rapid 
approval from regulatory authorities around the 
world [10]. 1-MCP is currently used for sixteen 
horticulture products to extend the shelf life 
around the world [11]. 
 
1-MCP usually blocks ethylene receptors, 
thereby inhibits the ethylene reaction. When 1-
MCP molecules bind to ethylene receptor sites, 
they do not allow the receptor to “unlock” like the 
ethylene molecule does. Therefore, further 
ripening action gets delayed because signal 
cannot be sent for a chemical reaction [12]. 
Approximately 100 µl/l or more of ethylene 
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concentration is needed to compete effectively 
due to greater attraction of 1-MCP for the 
ethylene receptor in fruits and rapid diffusion [4]. 
Yan et al, [13] also noted that, expression of 
genes related with the ethylene-signaling 
pathway of fruit ripening is blocked by the 
application of 1-MCP. Early research works 
conducted on 1-MCP with applied ethylene 
and/or endogenous ethylene have resulted that 
1-MCP can protect the plant parts from any form 
of ethylene either endogenous or exogenous. But 
responses vary with commodity types. Sozzi and 
Beaudry, [14] have further elaborated that the 
efficacy of 1-MCP treatment on plant products 
depends on six main factors; genotype (species 
and cultivar) and ripening physiology, pre-harvest 
environmental conditions and practices, harvest 
maturity, treatment conditions, effect on 
susceptibility to pathological disorders, and the 
postharvest storage conditions. 

 
1-MCP usually gives better results when applied 
at room temperature compared to cooling 
conditions for many fruit crops and it is applied at 
20-25°C in most experiments.1-MCP does not 
perform well at low temperature (5-10°C). This 
might be due to reduction of sensitivity to 
ethylene [15]. Golding et al, [16] mentioned that 
treatment with 1-MCP two days after initiation of 
ripening where autocatalytic ethylene production 
rises is effective in suppressing the ripening 
process. Jiang et al, [17] and Sisler & Serek, [7] 
also noted that if 1-MCP is applied within 24 h of 
ethylene treatment, ripening would be extended. 
The reduced ability of 1-MCP to contest for the 
receptors or availability of little amount of 
ethylene binding sites is the reason for this 
result. According to the USEPA, [18] the safety of 
usage, toxicity levels and environmental profiles 
of 1-MCP are extremely favorable with reference 
to both humans and animals and even with the 
environment. In addition, 1-MCP is applied at low 
rates. It’s mode of action is non-toxic and similar 
in chemically to naturally occurring substances 
[19] and [20]. 
 
2.1 Commercial Application of 1-MCP on 

Plant Products 
 
1-MCP is available in an encapsulated form in α-
cyclodextrin (CD) and it is a highly volatile gas. 
Encapsulated 1-MCP gas molecules are usually 
released mixing in appropriate amount of water 
or KOH buffer [11] and [21]. 1-MCP is 
commercially available for applying to edible 
crops under the trade names of EthylBloc® and 
SmartFresh® which are approved for use in the 

United States [22]. SmartFresh™ has been 
developed as two delivery systems; tablets 
(SmartTabs) or sachets containing the 
SmartFresh™ cyclodextrin powder [23]. 
EthylBloc® powder takes approximately 20–30 
min to release 1-MCP at standard temperature 
and pressure and it might take a longer duration 
at low temperatures. Further, 1-MCP gas 
concentration in an air tight container filled with 
plant material drops with time and also around 
one third of the initial amount of gas leftovers in 
the container after 24 hrs at 5°C [24]. In addition 
to the application as fumigant, 1-MCP is also 
applied to plant products in aqueous form [25]. 
Early efforts to stop the premature fruit-drop by 
pre-harvest application of 1-MCP in a way of 
spraying or in gaseous form were not effective 
[26]. However, the 1-MCP formulation registered 
as Harvista

TM
 which was developed by 

AgroFresh for pre harvest application has been 
allowed to be used in Chile, New Zealand, South 
Africa, and United States since 2014 [10].  
 

2.2 Effective Concentrations of 1-MCP 
and Treatment Duration 

 

The effect of 1-MCP concentrations varies with 
commodity type, exposure time, temperature and 
mode of application. Higher concentrations of 1-
MCP normally result more effect on plant 
materials [24]. The degree of response on 
banana fruit to treatments of 1-MCP varies 
heavily on the interaction between 1-MCP 
concentration and exposure time. According to 
previous research, exposure time to 1-MCP 
varied from 12 to 24h, to be sufficient to obtain a 
complete response. Six hours of exposure time 
at 0.45 µl l

-1 
concentration was not sufficient for 

inducing changes in respiration or in ethylene 
production [27]. A time/temperature relationship 
was also observed in broccoli as well as banana, 
where high concentrations of 1-MCP were 
required for reducing the treatment durations. 
Cultivar also needs to be considered [28]. 
According to Hagan et al, [25], 1-MCP can be 
applied in aqueous solutions too in the form of 
direct application on to the fruit. This will 
eliminate the requirement of having prolonged 
exposure of fruits in sealed environments, which 
is essential in gaseous treatments. This direct 
application needs only one minute of immersion 
in aqueous solution of 1-MCP in contrast to an 
exposure for 6 to 24 h in gaseous application. 
 

3. APPLICATION of 1-MCP FOR BANANA 
 

Table 1 presents details on previous studies 
conducted to determine the effect of 1-MCP on 



 
 
 
 

Wasala et al.; ARJA, 14(1): 44-56, 2021; Article no.ARJA.66445 
 
 

 
47 

 

banana. Golding et al, [29] mentioned that 1-
MCP is an effective compound for preventing 
banana from ethylene effect. According to Silva 
et al, [30], 1-MCP is usually applied as a 
gaseous compound. 1-MCP inhibits the ethylene 
action and the ripening process through 
competitive inhibition of ethylene receptors in the 
plant tissues. Therefore, 1-MCP is considered as 
a potential compound to be used in controlling 
the ripening process and senescence of 
harvested banana fruits at commercial scale.  

 
The fact that 1-MCP is able to delay the ripening 
process of banana which are mature-green and 
at pre-climacteric stage is clearly proven. 
Furthermore, the effect of exposure time, 
concentration levels and temperature 
dependency of the response are already being 
established [3]. Jiang et al, [17] mentioned that 
an exposure time of a 24 hrs duration to 
concentrations of either 500 or 1000 nL L

-1
of 1-

MCP at 20°C has extended the green life of 
Cavendish bananas 16 to 31 days. Blankenship 
and Dole, [4] have mentioned that exposure time 
and concentrations of 1-MCP applied for banana 
are subsequently between 6 and 24hours and 
ranging from 5 to 1000 nLL

-1
. Nanthachai et al, 

[31] studied on absorption of 1-MCP for a range 
of produce including banana and discovered that 
the initial sorption rate correlated with fresh 
weight of fruit, dry matter content and insoluble 
dry matter content, and not with the soluble dry 
matter content. Silva et al, [32] have assured the 
fact that the changes in respiratory profile and 
color development linked with ripening of banana 
variety, Prata might be depending upon the 
functioning ethylene receptors. When treated 
with 1-MCP, certain interruptions have been 
identified in the biochemical changes which take 
place during normal ripening process of banana.  

 
Some of these changes are uneven peel de-
greening and reduced respiration rates. This 
might be due to the disruptions that takes place 
in the usual regulation of production of ethylene. 
Jiang et al, [17] further revealed that ethylene 
treatment on ripening of banana fruits treated 
with 1-MCP was enhanced with increasing time 
between 1-MCP and ethylene treatments due to 
synthesis of new ethylene-binding sites with time. 
In addition, associated shelf life extension of 
fruits can only be predicted at the earliest phase 
of ripening. Otherwise, there may be alternative 
ethylene binding sites, which may react 
differently with 1-MCP. Silva et al, [31] confirmed 
that 1-MCP had delayed the onset of the 
respiratory peak and inhibited the rate of carbon 

dioxide production of Prata Banana. When 1-
MCP had been applied at early maturity stage of 
banana fruit, it irreversibly had occupied the 
ethylene receptors.  

 
Mainardi et al, [32] showed that banana ripening 
was clearly affected by the 1-MCP treatments. 
The climacteric rise in respiration was anticipated 
when banana fruits were exposed to exogenous 
ethylene, but when fruits were treated with 1-
MCP, they did not show any increase in 
respiration, although an ethylene peak could be 
seen after 24 days. Kumar et al, [33] have 
studied the effect of 1-methylcyclopropane on 
economic shelf life of Tella Chakkerakeli banana 
fruits at ambient conditions (32 ± 2°C and 78 ± 
2% RH). 1-MCP concentration of 400 ppb 
resulted minimum ethylene evolution rate, 
physiological loss in weight, pulp to peel ratio 
and maximum fruit firmness retention. Maximum 
shelf life of 16 days was recorded in Tella 
Chakkerakeli banana treated. Balasuriya et al, 
[34] had stated that shelf life can be extended by 
application of 1-MCP more than 6 days in unripe 
Kolikuttu bananas. Banana which were treated 
with 300 ppb 1-MCP for 24 h, achieved the shelf 
life of 14 days. 
 
3.1 Effect of 1-MCP on Physico-Chemical 

Properties of Banana  
 
Physiological changes that take place during 
ripening of banana fruits can be delayed by 
inhibiting ethylene perception. Simultaneously, 
ethylene synthesis can be regulated by 1-MCP at 
suppressed transcript levels of ACS and ACO 
genes [2]. 1-Methylcyclopropene can lengthen 
the postharvest quality of banana fruit by 
suspending the expression of ripening 
characteristics and senescence through 
surpassing the binding of ethylene to receptors 
fallowed by inhibiting ethylene signal 
transduction and downstream action [46]. The 
strongest effect of 1-MCP is on ethylene 
production. The rate of respiration was the least 
affected process in banana fruits. Further, the 
process of softening the tissues and the color 
changes in skin from green to yellow are 
considered as in between   [3]. 
 
Sisler and Serek, [7] have noted that treatment of 
1-MCP done before exposing into ethylene, 
inhibits changes associated with ripening 
showing the association of ethylene in fruit 
ripening. Pelayo et al, [49] also stated that 1-
MCP binds with ethylene receptors irreversibly in 
order to hinder the ethylene-induced ripening. 
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Pathak et al, [50] also had reported on 1-MCP to 
have considerable effects on expression as well 
as on the enzymes involved in biosynthesis of 
ethylene during ripening of banana. Physiological 
changes related with ripening of banana can be 
delayed due to inhibition of ethylene sensitivity. 
Simultaneously, synthesis of ethylene in the fruit 
itself is able to be regulated by 1–MCP [2]. 
 

According to Jiang et al, [17], softening of green-
mature banana fruit treated with 1-MCP is not 
activated by exogenous ethylene treatment, 
although fruits treated with 1-MCP depend upon 
synthesis of new ethylene binding sites. Lohani 
et al, [51] revealed that 1-MCP strongly limits 
inducing the Pectin Methyl Esterase (PME) 
activity of banana with ethylene when the fruits 
are treated with 1-MCP before applying ethylene 
due to inhibition of PME. Vilas-Boas and Kader, 
[36] observed that the fact when 1-MCP was 
applied to fresh cut bananas at low temperatures 
before storage, it is effective in controlling the 
softening induced by ethylene.  
 

According to a study conducted by Abdalnoor, 
[24] 1-MCP treatment at 250 ppb significantly 
postponed the onset of the climacteric peak up to 
20 days while untreated fruits reached the 
climacteric peak after 8 days at 18±1˚C and 85-
90% relative humidity. It was further reported that 
1-MCP retarded the development of colour of 
peel and accumulation of total soluble solids 
(TSS), reduced softening of flesh and weight 
loss, and maintained ascorbic acid content 
during storage of banana fruits. Mubarok et al, 
[45] have observed that the application of 1-MCP 
prevents the change of TSS until 12 days of 
storage in mature green fruit, but the change of 
TSS occurred in mature fruits. The experiment, 
therefore suggest that TSS increased due to the 
initiation of fruit ripening in mature stage of 
banana. Because of inhibition of ethylene 
sensitivity in the receptor, 1-MCP suppress sugar 
accumulation, therefore the ripening of banana 
fruit was delayed. Unal et al, [43] as well as 
Pelayo et al, [3] had mentioned on the 
inconsistency of the effect of 1-MCP on activities 
of Polyphenol Oxidase (PPO) upon flesh part of 
the fruit. Although the activity of PPO on fruit peel 
increased within the whole period of storage 

regardless of the fact of treating or not treating 
with 1-MCP, it was more than in control fruits 
compared to 1-MCP treated fruit peel. PPO 
causes enzymatic browning. 1-MCP treatment 
inhibited the total volatile production of fruit, and 
quantitatively, indicated lower ester 
concentrations [11].  
 
3.2 Effect of 1-MCP on Pathway of 

Ethylene Biosynthesis of Banana 
 
1-aminocyclopropane-1-carboxylic acid (ACC) 
plays a major role in the pathway of                     
ethylene biosynthesis. In addition, synthesis of 
ethylene is determined by Aminocyclopropane-1-
carboxylic acid synthase (ACS) and 
Aminocyclopropane carboxylate oxidase                
(ACO). These are the two main enzymes 
involved in the process of ethylene biosynthesis 
[52]. The ACS activity in pulp elevates to a higher 
level showing that ethylene production in banana 
fruit pulp activates banana ripening. The ACO 
mRNA also increases significantly in the peel at 
climacteric and post-climacteric stages [53]. The 
ethylene normally induces the ethylene 
climacteric in bananas by increasing ACO of 
banana fruits and further expressed that 
application of 1-MCP inhibits the ACO and 
ethylene synthesis. This inhibition suggests                
that 1-MCP also reduced the stimulatory 
influence of exogenous ethylene on ripening [54] 
and [55]. As banana ripening is from the inside 
out of fruit, the ACS activity first normally 
increases in pulp and then in the peel. Golding et 
al, [29] reported similar results suggesting that 
ethylene synthesis regulated by normal feedback 
might get blocked by 1-MCP and that the 
transcription of ACS in bananas may possibly be 
greater. An experiment conducted by Xu et al, 
[56] resulted that, once banana fruits are treated 
by 1-MCP with a concentration of 1.2 μL l

-1
, ACC 

content progressively raised while in storage 
within 15 days, but the value at peak was 1.88 
times lower than the levels observed in fruits 
which were non-treated. Additionally, the peak 
value of ACO activity of 1-MCP treated banana 
fruits was 1.36 times lower than the                         
levels observed in the fruits which were non-
treated. 
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Table 1. Application of 1-MCP on different cultivars of banana 
 

Reference Cultivar 1-MCP treatment Storage 
conditions 

Shelf life 
Concentration Exposure 

period 
Mode of 
treatment 

[16] Williams (Musa spp, AAA) 450 µL/L  6 h Gas 20°C 34 days 
[17] Cavendish 0.5 or 1.0 µL/L 24 h Gas 20°C and in 

sealed 
polyethylene 

58 days 

[35] Williams (Musa spp, AAA) fruits 
harvested 71 days after bunch 
emerged  

500nL/L 24 h Gas 20°C 56 days 

[3] Cavendish (Partially ripe fruits) 1000 nL/L  6 or 24 h Gas 14°C 6 days 
[36] Grand Nain banana (fresh cut)  1 µL/L  6 h Gas 5°C 7 days 
[2] Zhonggang (Musa spp, AAA) 200 nL/L 24 h Gas  20°C, 80-90% RH 20 days 
[37]  Khai 250 ppb 24 h Gas 20°C  20 days 
[24] Grand Nain 250 ppb 24 h Gas 18±1°C 20 days 
[38] Cavendish (Partially ripe fruits) 0.63 ppm 

0.08 ppm/day 
6 h 
6 h 

Gas Ambient 8 days 
6 days 

[39] Bari Kola (Musa spp, AAA) 100 µL/L 5 min Aqueous 20±2°C, 75-80% 
RH 

35 days 

[40] Homthong, Khai 500 - Aqueous 21±2°C - 
[41] Rasthali ( AAB), partially ripe 

banana fruits  
1000 ppb 24 h Gas  27±2°C, 65-75% 

RH 
9 days 

[34] Kolikuttu 300 ppb 24 h gas Ambient 14 days 
[42] Cavendish  0.5g/30ml 

0.5g/30ml 1-MCP and 
2.5% Chitosan 

24 h 
24 h 

Gas 
Gas  

28±1°C 
28±1°C 

15 days 
20 days 

[43] Anamur 312.5 ppb 24 h Gas 20°C 8 days 
[25] Falsehorn (Musa pradisiacal, 

AAB) 
100 µL/L 1 min Aqueous 15°C, 75% RH 

30°C, 75% RH 
21 days 
14 days 

[44] Gros Michel 300 ppb  15 min Aqueous 25°C, 75±2% 10 days 
[33] TellaChakkerakeli (Musa 

paradisiaca L.) 
400 ppb 24 h Gas 32±2°C, 78±2% 

RH 
16 days 

[45] Muli 0.25 µL/L 6 h Gas 20±2°C , 80% RH 12 days 
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Reference Cultivar 1-MCP treatment Storage 
conditions 

Shelf life 
Concentration Exposure 

period 
Mode of 
treatment 

[46] Lakatan 400 nL/L 20 h Gas  26-28°C, 78-86% 
RH 

16 days 

[47] Kandula 0.5 ppm 6 h Gas 14±1
o
C, 85-90% 

RH 
29 days 

[48] Ambul 1 ppm 18 h Gas  29±5°C, 66±7% 
RH 

19 days 
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3.3 Use of Modified Atmosphere (MA) 
Packaging for 1-MCP Treated Banana  

 

Modified atmosphere (MA) packaging is a useful 
technology adaptable to a variety of fruits and 
vegetables, as well as banana. Commercially, in 
MA packaging, clusters or hands of banana fruit 
are packed in to a corrugated box which contains 
a polyethylene liner in the shape of a bag. The 
ethylene absorbent is also kept inside this bag 
[17].The shelf life of banana was reported to 
have extended by 58 days when the fruits were 
packed and sealed in the polyethylene bags 
including 0.5 or 1.0 1/1 1- MCP. Golding et al, 
[16] have reported that fruits stored in 
polyethylene bags after 1-MCP treatment are 
able to ripen as in normal pathway with no 
ethephon treatment given thereafter and have 
the capacity to produce some aroma volatiles as 
well. According to Silva et al, [30], the 
postharvest life of fruits stored under refrigerated 
conditions is able to be attained even under 
ambient conditions when fruits are packed under 
modified atmospheric conditions. But, generally 
what is expected as benefits of MA packaging 
with ethylene scrubbers are restricted by the fact 
of rising of temperature within the packaging 
which will adversely effect on quality and shelf 
life of fruits. In addition, too low O2 levels result 
anaerobic respiration situation. However, this 
limitation can be eliminated with 1-MCP.  
 

3.4 Problems Associated with Banana 
Treated with 1-MCP 

 

Uneven skin degreening on treated 1-MCP fruits 
and early stage of fruit ripening have been 
reported because of variations in the rate of 
synthesizing new ethylene binding sites at 
different locations of the fruit. The tissues in peel 
and pulp areas of the fruit perform differently in 
evolving ethylene as well as in responding to 
ethylene [57]. According to Golding et al, [16] 
and by Jiang et al, [17], Cavendish banana 
showed delays in peel colour development and 
unevenness in ripening when the fruits were 
treated with 1-MCP at the stage of matured 
green. However, the same was not reported with 
bananas of Berangan cultivar. Harris et al, [35] 
had reported that differences in maturity of fruit 
were the reason for this unevenness in ripening 
observed in Cavendish banana. The effect of 1-
MCP application on bananas is greatly 
influenced by different factors. Some of them are 
type of cultivar, the stage of fruit maturity, 
previous exposures to ethylene, conditions in 
cultivations and the capacity of the fruit to 

ultimately ripen. When 1-MCP treated banana 
are stored in polyethylene bags, fruits will 
become ripe due to generation of new ethylene 
receptors under this condition [17]. Even though 
1-MCP application on banana has been proved 
for delaying the ripening and maintaining the fruit 
quality, varying responses for its effects in 
limiting the commercialization of 1-MCP 
application for bananas have been observed 
[38]. 
  
3.5 Factors Affecting Application of 1-

MCP on Banana at Commercial Scale 
 
According to Golding et al, [16], the partially 
interrupted ripening actions in treated bananas 
may limit the use of 1-MCP commercially that 
indicates the combined role of ethylene in 
ripening. Furthermore, Harris et al, [35] had 
reported that due to the uneven color 
development, 1-MCP had limited potential in 
commercial level and this issue was aggravated 
due to the fact of having different maturities in 
fruits in open market. According to Bagnato et al. 
[58] although high 1- MCP concentrations inhibit 
banana ripening, fruit decay increased. Ripening 
can be delayed by reduced concentrations of 
300nl l

−1
 but changing of firmness, color, soluble 

solid content and aroma profiles showed similar 
to untreated fruits. According to Pelayo et al, 
[17], unevenness of the reactions of banana 
fruits which are partially ripe makes it less 
potential to be used commercially. In addition, 
the color and volatile production can be inhibited, 
when fruits are treated with 1-MCP. But inception 
of ethylene as well as rate of respiration are not 
affected. All the processes are inhibited by 
treating 1-MCP to pre-climacteric fruits [16].  

 
3.6 Effect of Banana Fruit Maturity on 1-

MCP Treatment 
 
Maturity of banana fruit is one of major 
consideration in determining the behavior 
towards 1-MCP. When applying 1-MCP, 
developmental stage of fruits should be 
considered as effect varies with maturity [35]. 
Presence of a strong interaction of 1-MCP and its 
effectiveness with varying fruit maturity was also 
reported by [17]. When fruits were harvested at 
progressing stages of maturity from 71 to 156 -
173 days after emerging the banana bunch, 
ripening was more effectively delayed by a 1-
MCP treatment with 500 nL 1

-1
 concentration at 

20⁰C with an exposure time of 24 hrs duration. 
And the exact time for ripening of banana 
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subjected to a continuous flowing air current with 
ethylene at 0.1 µl

-1
 concentration and at 20⁰C 

had reduced from 40 to 28 days. Harris et al, [35] 
revealed that the green life of banana fruits of 
least mature bunch showed significantly higher 
levels of 56 days than banana fruits treated with 
1-MCP. This is due to varying effectiveness of 1-
MCP with different fruit maturity levels. At 
commercial applications mixed maturity among 
fruit bunches is very common. Furthermore, the 
less matured fruits which were continuously 
exposed to air free of either ethylene nor 1-MCP 
took an extended time to ripen than highly 
matured bunches. It further demonstrated the 
effect of 1-MCP in extending the postharvest life 
of banana to significantly differ with varying fruit 
maturity. Banana fruits harvested at late stage 
generally show a lower response to 1-MCP 
applications. When 1-MCP is applied during the 
climacteric period of banana, 1-MCP 
incompletely forms bonds with the ethylene 
receptors and does not act inhibitory to 
endogenous production of ethylene [59]. 
 
According to the Mubarok et al, [45], the effect of 
1-MCP is usually determined upon the stage of 
fruit maturity. After climacteric stage, ethylene 
biosynthesis process come to the peak and also 
the ethylene is bound to receptor. Hence, 1-MCP 
application to mature fruits cannot totally inhibit 
the ethylene action. Different responses to 1-
MCP treatment have been showed by banana 
hands obtained from upper, middle and bottom of 
the bunch. This is in agreement with 
Moradinezhad et al, [60] who exhibited that 
different variation in responses to 1-MCP depend 
on placement of fruits in the bunch itself as well. 
Furthermore, according to [7], Young banana 
hands consist of low number of receptors 
saturated with minute concentrations of 1-MCP 
which cause to inhibit the ripening process. Due 
to this saturation and less number of receptors, 
any ethylene exogenously applied is unable to 
bind further more. As stated by Bagnato et al, 
[58] when 1-MCP is applied to fruits which are 
immature, ripening will completely get inhibited. 
 
4. MICROBUBBLE (MB) TECHNOLOGY 

FOR 1-MCP TREATMENTS 
 
According to Golding et al, [7], confirmed by 
Harris et al, [35], fumigation of banana with 1-
MCP, the conventional application method, is 
having many drawbacks, particularly, long 
exposure time durations, uneven ripening 
patterns, less or no peel colour development 
leaving green unchanged even after ripening. 

The main reason for this was to have less and 
varying contacts of 1-MCP with the fruit surface. 
Thus, the application of an aqueous solution of 1-
MCP was observed in minimizing limitations of 
fumigation which is the conventional method. As 
mentioned by Choi and Huber [61], studies have 
revealed that 1-MCP in aqueous form exhibited 
an increased capacities to be used in controlling 
the fruit ripening process of climacteric fruit. 
Under normal conditions, 1-MCP has limited 
solubility in water. Therefore, a relatively higher 
concentration should be used when aqueous 
form of 1- MCP is applied. Pongprasert and 
Srilaong, [62] revealed that application of 1-MCP 
using MB is an easy and rapid technology of 
inhibiting banana fruit ripening. It might have the 
potential to be applied for other fruits as well 
when fumigation facility is less available.  
 
5. CONTROLLED RELEASE PACKAG -

ING TECHNOLOGY 
 
Controlled release packaging (CRP) is a new 
technology that is known to be used to transfer 
antioxidants and antimicrobials from the active 
packaging layer. This technology can be further 
used for delivery of ethylene antagonist to delay 
the banana ripening. CRP system is a very 
effective tool to maintain the yellow life of 
bananas when they are delivered in packaging to 
non-banana producing countries. Then, 1-MCP 
can works as an active compound for delaying 
ethylene induced fruit ripening [38]. Study 
conducted by Lee et al, [63] has reported on 
package sachets that can release 1-MCP. 
Hotchkiss et al, [64] have also stated about 
release of 1-MCP from different heat pressed 
polymer films. 
 
6. CONCLUSION  
 
The finding and application of 1-MCP have 
developed into a turning point in horticulture 
postharvest sector of fruit and vegetables to 
inhibit the primary activities that comprise in fruit 
ripening and senescence. 1-MCP has been 
found as an effective chemical for avoiding 
banana from the effects of ethylene. Scientists 
have performed experiments of 1-MCP 
application on more than 20 banana cultivars. 
The efficacy of 1-MCP treatment on banana fruits 
is determine by different factors such as 
concentration, exposure time, cultivar harvest 
maturity and postharvest storage conditions. 
Although 1-MCP is mainly applied as a fumigant, 
treatment can be performed in aqueous to plant 
products form.1-MCP is able to regulate at levels 
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of ACS and ACO in ethylene biosynthesis 
pathway of banana. This delays many 
physiological reactions and alterations related to 
ripening of banana. Uneven skin degreening of 
banana fruits was seen with 1-MCP treatment 
and early stage of fruit ripening have been 
reported in commercial applications. 
Microbubbling technology and controlled release 
packaging are used to enhance the efficacy of 1-
MCP and avoid some problems associate with 
treatments. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Wasala WMCB, Dissanayake CAK, 
Dharmasena DAN, Gunawardane CR, 
Dissanayake TMR. Postharvest losses, 
current Issues and demand for postharvest 
technologies for loss management in the 
main banana supply chains in Sri Lanka. 
Journal of Postharvest Technology. 
2014;02(01):80-87. 

2. Zhang MJ, Jiang YM, Jiang WB, Liu XJ. 
Regulati of ethylene synthesis of harvested 
banana fruit by 1-Methylcyclopropene. 
Food Technol. Biotechnol. 2006;44(1):111-
115. 

3. Pelayo C, Eduardo VD, Benichou M, 
Karder AA. Variability in response of 
partially ripe banana to 1-methyle 
cyclopropene, Postharvest biology and 
Technology. 2003;28:75-85. 

4. Blankenship SM, Dole JM. 1-
Methylcyclopropene: a review. Postharvest 
Biology and Technology. 2003;28:1-25. 

5. Bandara RGUS, Wasala WMCB, Prasanna 
PHP, Chandramali DVP, Weerasinghe 
WMSSK. Extending the shelf life of 
TomEJC mango through application of 1-
Methylcyclopropene. Sri Lankan Journal of 
Agriculture and Ecosystems. 2020;2(1):21-
26.  

6. Sisler EC. The discovery and development 
of compounds counteracting ethylene at 
the receptor level. Biotechnol. Adv. 
2006;24:357-367. 

7. Sisler EC, Serek M. Inhibitors of ethylene 
responses in plants at the receptor level: 
Recent developments. Physiologia 
Plantarum. 1997;100:577-582. 

8. Buanong M, Mibus H, Sisler EC, Serek M. 
Efficacy of new inhibitors of ethylene 
perception in improvement of display 

quality of miniature potted roses (Rosa 
hybrida L.). Plant Growth Reg. 2005;47:29-
38. 

9. Kebenei Z, Sisler EC, Winkelmann T, 
Serek M. Efficacy of new inhibitors of 
ethylene perception in improvement of 
display life of Kalanchoe (Kalanchoe 
blossfeldiana Poelln.) flowers. Postharvest 
Biol. Technol. 2003;30:169-176. 

10. Wills Ron BH, Golding JB. Advances in 
postharvest fruit and vegetable technology, 
CRC press, taylor & francis group, 6000, 
Broken Sound Parkway, NW, USA; 2015. 

11. Blankenship S. Ethylene effects and 
benefits of 1-MCP. Perishables Handling 
Quarterly. 2001;108:2-4. 

12. Watkins CB. The use of 1-
methylcyclopropene (1-MCP) on fruits and 
vegetables: Review. Biotechnology 
Advances. 2006;24:389-409. 

13. Yan SC, Chen JY, Yu WM, Kuang JF, 
Chen WX, Li XP, WJ Lu. Expression of 
genes associated with ethylene‐signaling 
pathway in harvested banana fruit in 
response to temperature and 1‐MCP 
treatment. Journal of the Science of Food 
and Agriculture. 2011;91(4):650-657. 

14. Sozzi GO, Beaudry RM. Current 
perspectives on the use of 1-
methylcyclopropene in tree fruit crops: An 
international survey. Stewart Postharvest 
Review. 2007;2(8):1-16. 

15. Jiang Y, Joyce DC, Macnish AJ. Softening 
response of banana fruit treated with 1-
methylcyclopropene to high temperature 
exposure. Plant Growth Regulation. 
2002;36:7-11. 

16. Golding JB, Sheater D, Wyllie SG, 
McGlasson WB. Application of 1-MCP and 
propylene to identify ethylene dependent 
ripening process in mature banana fruit. 
Postharvest Biology and Technology. 
1998;14(1):87-98. 

17. Jiang Y, Joyce DC, Macnish AJ. 
Responses of banana fruit to treatment 
with 1-methylcyclopropene. Plant Growth 
Regulation. 1999;28(2):77-82. 

18. United States Environmental Protection 
Agency (USEPA). Biopesticide registration 
action document: 1-Methylcyclopropene 
(PC Code 224459); 2006.  
Available:[www.epa.gov/pesticides/biopesti
cides/ingredients/tech_docs/brad_224459.
pdf] 

19. Tian MS, Prakash S, Elgar HJ, Young H, 
Burmeister DM, Ross GS. Responses of 
strawberry fruit to 1-methylcyclopropene 



 
 
 
 

Wasala et al.; ARJA, 14(1): 44-56, 2021; Article no.ARJA.66445 
 
 

 
54 

 

(1-MCP) and ethylene. Plant Growth 
Regulation. 2000;32:83-90. 

20. Able AJ, Wong LS, Prasad A, O’Hare TJ, 
The effects of 1-Methylcyclopropene on 
the shelf life of minimally processed leafy 
Asian vegetables. Postharvest Biol. 
Technol. 2003;27:157-161. 

21. Mir NA, Curell E, Khan N, Whitaker M, 
Beaudry RM. Harvest maturity, storage 
temperature, and 1-MCP application 
frequency alter firmness retention and 
chlorophyll fluorescence of ‘Redchief 
Delicious’ apples. Journal of the American 
Society for Horticultural Science. 
2001;126:618-624. 

22. Hamrick D. Ethylbloc goes liquid. 
GrowerTalks. 2001;65:105. 

23. Vallejo F, Beaudry R. Depletion of 1-MCP 
by ‘non-target’ materials from fruit storage 
facilities. Postharvest Biology and 
Technology. 2006;40:177-182. 

24. Abdalnoor K. Effect of 1-
Methylcyclopropene (1-MCP) on quality 
and shelf-life of banana fruits, University of 
Khartoum, Sudan; 2015. 

25. Hagan LL, Johnson PNT, Sargent SA, 
Huber DJ, Berry A. 1-Methylcyclopropene 
treatment and storage conditions delay the 
ripening of plantain fruit while maintaining 
sensory characteristics of ampesi, the 
boiled food product. International Food 
Research Journal. 2017;24(2):630-636.  

26. Byers RE, Carbaugh DH, Combs LD. 
Ethylene inhibitors delay fruit drop, 
maturity, and increase fruit size of ‘Arlet’ 
apples. HortScience. 2005;40:2061-2065. 

27. Jeong J, Huber DJ, Sargent SA. Influence 
of 1-methylcyclopropene (1-MCP) on 
ripening and cell-wall matrix 
polysaccharides of avocado (Persea 
americana) fruit. Postharvest Biol. Technol. 
2002;25:241-364. 

28. DeEll JR, Murr DP, Porteous MD, 
Rupasinghe HPV. Influence of temperature 
and duration of 1-methylcyclopropene (1-
MCP) treatment on apple quality. 
Postharvest Biol. Technol. 2002;24:349-
353. 

29. Golding JB, Shearer D, McGlasson WB, 
Wyllie SG. Relationships between 
respiration, ethylene, and aroma 
production in ripening bananas, Journal of 
Agriculture and Food 
Chemistry.1999;47:1646-1651. 

30. Silva SM, Neto CO, Alves RE, Silva EO. 
Maturation physiology under modified 
atmosphere of 'Prata' banana treated 

postharvest with 1-Methylecyclopropene. 
Proc.III Intternational Symposium on 
Tropical and Subtropical fruits held in 
Brazil. 2010;371-377. 

31. Nanthachai N, Ratanachinakorn B, 
Kosittrakun M, Beaudry R. Absorption of 1-
MCP by fresh produce. Postharvest 
Biology and Technology. 2007;43(3):291-
297. 

32. Mainardi JA, Purgatto E, Vieira A, 
Cordenunsi BR, Nascimento ROD, Lajolo 
FM. Effects of ehylene and 1-
Methylcyclopropene (1-MCP) on gene 
expression and activity profile of r-1, 4-
Glucan-phosphorylase during banana 
ripening. International Journal of Food 
Science and Technology. 2007;42:303-
311. 

33. Kumar TK, Bhagavan BVK, Mamatha K, 
Snehalatha A, Subbaramamma P. 
Response of 1-MCP on physiological and 
physical characteristics in banana (Musa 
paradisiacal L.) cv. Tella Chakkerakeli 
during storage. International Journal of 
.Curr. Microbiol. App. Science. 
2018;7(12):3135-3144. 

34. Balasuriya WMCU, Balasuriya BLHN, 
Perera TMRS, Beneragama CK. Effect of 
1-Methylcyclopropene (1-MCP) in 
preventing postharvest problems of 
‘Kolikuttu’ banana (Musa sp.) grown in Sri 
Lanka. Proceedings of the Peradeniya 
Univ. International Research Sessions, Sri 
Lanka. 2014;18. 

35. Harris DR, Seberry JA, Wills RBH, Spohr 
LJ. Effect of fruit maturity on efficiency of 
1-Methylcyclopropene to delay the ripening 
of banana, PostharvestBiol. Technol. 
2000;20:303–308. 

36. Vilas-Boas E, Kader AA. Effect of 
atmospheric modifications, 1-MCP and 
chemicals on quality of fresh-cut banana. 
Postharvest Biology and Technology. 
2006;29:155-162. 

37. Jansasithorn R, Kanlavanarat S. Effect of 
1-MCP on physiological changes in 
banana ´Khai´. Acta Hortic. 2006;712:723-
728. 

38. Trivedi M. Effects of different exposure 
methods to 1-methylcyclopropene on 
quality of partially ripened bananas. 
Doctoral dissertation, Rutgers University-
Graduate School-New Brunswick; 2012. 

39. Rahman MA, Hossain MA, Begum MM, 
Banu SP, Arfin MS. Evaluating the Effects 
of 1-Methylcyclopropene concentration and 
immersion duration on ripening and quality 



 
 
 
 

Wasala et al.; ARJA, 14(1): 44-56, 2021; Article no.ARJA.66445 
 
 

 
55 

 

of banana fruit. Journal of Postharvest 
Technology. 2014;02(01):054-067. 

40. Fernando HRP, Srilaong V, Pongprasert N, 
Boonyaritthongchai P, Jitareerat P. 
Changes in antioxidant properties and 
chemical composition during ripening 
banana variety ‘Hom Thong’ (AAA group) 
and ‘Khai’ (AA group). International Food 
Research Journal. 2014;21(2):749-754. 

41. Krishnakumar T, Thirupathi V. Effect of 1-
Methylcyclopropene (1-MCP) on 
postharvest quality and shelf life of partially 
ripened bananas. Trends in Biosciences. 
2014;7:(22). 

42. Widodo SE, Zulferiyenni Ginting YC, Fazri 
FH, Saputra D. Effects of 1-
methylcyclopropene and chitosan on the 
fruit shelf-life and qualities of two different 
ripening stages of ‘Cavendish’ banana, 
Journal of Food and Nutrition Sciences. 
2015;3(1-2):54-59. 

43. Unal MU, Karaşahin Z, Şener A. Effect of 
some postharvest treatments on physical 
and biochemical properties of Anamur 
Bananas (Musa acuminate Colla (AAA 
group) during shelf-life period. The Journal 
of Food (GIDA). 2016;41(2):69-76. 

44. Burana C. Effect of 1-MCP micro bubbles 
on quality of banana cv. Gros Michel (Hom 
Thong). Burapha Science Journal. 
2018;23(3):1597-1603. 

45. Mubarok S, Suwali N, Suminar E, 
Kamaluddin NN. 1-Methylcyclopropene as 
an effective ethylene inhibitor to extend 
Musa acuminate Colla ‘Muli’. Postharvest 
Quality Earth and Environmental Science. 
2019: 334. 

46. Manigo BI, Cesar AL. Effect of 1-
methylcyclopropene (1-MCP) postharvest 
application on quality of ‘lakatan’ banana 
fruit. International Journal of Agriculture 
Innovations and Research. 
2019;8(1):2319-1473. 

47. Hamda AGF, Wasala WMCB, Illeperuma 
DCK, Dissnayake CAK. Delaying the 
ripening of banana (Musa sp.) cv Kandula 
through the application of 1-
Methylcyclopropane (1-MCP), Journal of 
Food Engineering and Technology. 
2020;9(1):48-55. 

48. Wasala WMCB, Beneragama CK, 
Dissanayake CAK, Gunawardhane CR, 
Wijewardhane RMNA, Sarananada KH. 1-
MCP (methylcyclopropene) successfully 
delays the ripening of ‘Ambul’ banana at 
ambient conditions. Acta Hortic. 
2020;1278:145-150. 

49. Pelayo C, Vilas-Boas E, Benichou M, 
Kader AA. Variability in response of 
partially ripe bananas to 1-
Methylcyclopropene. Postharvest Biol. 
Technol. 2002;28:75–85. 

50. Pathak N, Asif MH, Dhawan P, Srivastava 
MK, Nath P. Expression and activities of 
ethylene biosynthesis enzymes during 
ripening of banana fruits and effect of 1-
MCP treatment, Plant Growth Regul. 
2003;40:11–19. 

51. Lohani S, Trivedi PK, Nath P. Changes in 
activities of cell wall hydrolases during 
ethylene-induced ripening in banana: effect 
of 1-MCP, ABA and IAA. Postharvest 
Biology and Technology. 2004;31(2):119-
126. 

52. Bouzayen M, Latche A, Nath P, Pech J. 
Mechanism of fruit ripening - chapter 16. 
In: Plant Developmental Biology - 
Biotechnological Perspectives. 2010;1.  

53. Lopez-Gomez R, Campbell A, Dong JG, 
Yang SF, Gomez-Lim MA. Ethylene 
biosynthesis in banana fruit: Isolation of a 
genomic clone to ACC oxidase and 
expression studies. Plant Science. 
1997:123, 123-131. 

54. Inaba A, Liu XJ, Yokotani N, Yamane M, 
Lu WJ, Nakano R, Kubo Y. Differential 
feedback regulation of ethylene 
biosynthesis in pulp and peel tissues of 
banana fruit. Journal of Experimental 
Botany. 2007;58:1047-1057. 

55. Zhu X, Shen L, Fu D, Si Z, Wu B, Chen W, 
Li X. Effects of the combination treatment 
of 1-MCP and ethylene on the ripening of 
harvested banana fruit. Postharvest 
Biology and Technology. 2015;107:23-32.  

56. Xu F, Liu Y, Dong S, Wang S. 
Physiological responses of banana fruit to 
two structural analogues of 1-MCP as 
ethylene action inhibitors. J. Food 
NutrPopul Health. 2018;2(2):11. 

57. McGlasson WB. Ethylene and fruit 
ripening. HortScience. 1985;20(1): 51- 53. 

58. Bagnato N, Barrett R, Sedgley M, Klieber 
A. The effects on the quality of Cavendish 
bananas, which have been treated with 
ethylene, of exposure to 1-
methylcyclopropene. Inter.J. Food Sci. 
Technol. 2003;38:745-750. 

59. Kleiber A, Sedgley M, Bagnato N, 
Moradinezhad F. Ethylene biosynthesis 
enzyme activities in the pulp and peel of 
partially ripe 1-MCP-treated bananas. 
Journal of Horticulture and Postharvest 
Research. 2018;1(2):87-96. 



 
 
 
 

Wasala et al.; ARJA, 14(1): 44-56, 2021; Article no.ARJA.66445 
 
 

 
56 

 

60. Moradinezhad F, Sedgley M, Klieber A, 
Able AJ. Variability of responses to 1-
Methylcyclopropene by banana: influence 
of time of year at harvest and fruit position 
in the bunch. Annals of Applied Biology. 
2008;152(2):223-234. 

61. Choi ST, Huber DJ. Influence of aqueous 
1-Methylcyclopropene concentration, 
immersion duration, and solution longevity 
on the post-harvest ripening of breaker-
turning tomato (Solanun lycopersicum L.) 
fruit. Postharvest Biology and Technology. 
2008;49(1):147-154. 

62. Pongprasert N, Srilaong V. A novel 
technique using 1-MCP microbubbles for 
delaying postharvest ripening of banana 
fruit. Postharvest Biology and Technology. 
2014;95:42-45. 

63. Lee YS, Beaudry R, Kim JN, Harte BR. 
Development of a 1-Methylcyclopropene 
(1-MCP) sachet release system. Journal of 
Food Science. 2006;71(1):1-6. 

64. Hotchkiss JH, Watkins CB, DG Sanchez. 
Release of 1-methylcyclopropene from 
heat-pressed polymer films. Journal of 
Food Science. 2007;72(5):330-334. 

_________________________________________________________________________________ 
© 2021 Wasala et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/66445 


