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Abstract 
Controlling ethylene production and respiratory rate of climacteric fruits is 
reported to extend the shelf-life of those produce. The aim of this present re-
search was to determine the effect of five (5) doses of gamma irradiation as an 
ethylene and respiration inhibitor on two (2) distinct varieties of plantain 
(Musa sp AAB) up to the onset of ripening. The variety and irradiation dose 
applied had a significant interaction on the number of days to the onset of 
fruit ripening. The daily mean ethylene production for both varieties was 
lowest at 200 Gy. Even though Apantu had a lower daily average as compared 
to Apem, it reached the onset of ripening relatively quicker than Apem. Ir-
radiation caused a significant decrease in the respiratory rate of the plantains. 
Irrespective of the dose applied, the unirradiated usually had a significantly 
higher respiratory rate and the accompanying carbon dioxide production. 
Plantain varieties irradiated at 1000 Gy had the highest amount of total so-
luble solids contents (10.7˚Brix) significantly higher than the other stages of 
ripening yet similar to the plantain varieties irradiated at 600 Gy (10.6˚Brix), 
800 Gy (10.6˚Brix) and the unirradiated (0 Gy) plantain varieties (10.3˚Brix). 
The lower levels of soluble solids may confer a better cooking quality as plan-
tains would be less sweet and also less prone to textural breakdown when 
cooked. 
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1. Introduction 
The basic distinguishing feature between climacteric fruits and non-climacteric 
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fruits is the increased ethylene synthesis and respiration rate during ripening of 
climacteric fruits [1]. Several aspects of the role ethylene plays in the ripening of 
climacteric fruits have been widely studied and well established [2] [3] [4] [5]. 

The response of matured fruits to ethylene is known to vary widely and is very 
much dependent on crop species, exposure dosages, as well as environmental 
conditions [3] [6]. This directly means that the process of ripening varies in dif-
ferent fruits as far as the involvement of ethylene is concerned [3]. Since ethy-
lene often promotes its own production in plants [7], controlling its levels is 
crucial in maintaining crop quality. 

There are contrasting reports on the role respiration plays in the onset of ri-
pening of climacteric fruits. While [8] and [9] found no increase in the respira-
tion rate during the ripening of tomato fruit (Lycopersicon esculentum cv. Cas-
telmart) and muskmelon respectively, it is widely held that ethylene-associated 
respiration peak is present at the onset of ripening [10] [11]. 

The control of fruit ripening and storage ability can be achieved through a 
reduction of ethylene production and respiration [12] [13]. The differences in 
the reactions of different fruit species, and sometimes cultivars, to ethylene call 
for more investigation into the different ways in ethylene inhibition can affect 
the maturation, ripening, and storage of different cultivars of fruits. This present 
research sought to determine the effect of gamma irradiation as an ethylene and 
respiration inhibitor on two distinct varieties of plantain (Musa sp AAB) up to 
the onset of ripening. 

2. Materials and Methods 
2.1. Plantain Varieties 

Two varieties Apantu (Falsehorn plantain) and Apem (French type) were used 
for the study. The fruits were allowed to fill up to the commercial level preferred 
by farmers. Mature green (13 weeks after flowering) unripe plantains (Musa sp 
AAB) were obtained directly from the farmers on the same day of harvest at 
Adawso in the Eastern Region of Ghana (Map 1). Samples were taken from the 
first six rows of the proximal and midsection of the bunch. 

2.2. Irradiation 

Irradiation of samples was carried using a Cobalt-60 source under ambient con-
ditions at the Gamma Irradiation Facility (GIF) of the Radiation Technology 
Centre (RTC) in the Ghana Atomic Energy Commission (GAEC) at irradiation 
doses of 200 Gy, 400 Gy, 600 Gy, 800 Gy and 1000 Gy before storage. A control 
experiment was carried out where the fruits were not irradiated (designated as 0 
Gy). The dose rate was 1.962 kGy/hr and ferrous sulphate (Fricke) dosimeter 
was used to measure absorbed dose. 

2.3. Determination of Peel and Pulp Colours Up to the Onset of 
Ripening 

A visual method (based on a modification of banana ripening chart developed  
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Map 1. Eastern region of Ghana. 

 
by the [14]) was used to determine the peel colour. The scale was modified to 
end at the onset of ripening at ripening stage 4 or physiological stage 2 (Table 
1). 

2.4. Determination of Amount of Ethylene Produced 

Ethylene production from the green mature stage (stage 1) to the onset of ri-
pening (stage 4) was measured on a daily basis by enclosing whole fruit samples 
in an airtight container for one (1) hour at 25˚C, withdrawing 1 mL of the 
headspace gas, and injecting it into a gas chromatograph fitted with a pulse dis-
charge helium ionization detector (PDHID, ethylene). The parameters of the gas 
chromatograph were: injector temperature 120˚C; detector temperature 200˚C; 
oven temperature 75˚C; sensitivity 4 × 10; carrier gas, Helium; flow rate through 
the column was 0.33 mL∙s−1. Quantification of the amount of ethylene produced 
was according to the method of [7], in which 1-Aminocyclopropane-1-carboxylic 
acid (ACC) was quantitatively converted to ethylene and a standard curve for 
ethylene generated. 

2.5. Estimation of Amount of Carbon Dioxide Produced 

The respiratory rate (as carbon dioxide produced) from the green mature stage 
(stage 1) to the onset of ripening (stage 4) was measured using the method of 
[15] on a daily basis by enclosing whole fruit samples in an airtight container for 
one (1) hour at 25˚C, withdrawing 1 mL of the headspace gas, and injecting it 
into a gas chromatograph fitted with a thermal conductivity detector (TCD, 
CO2) and an activated alumina column. The parameters of the gas chromato-
graph were: injector temperature 120˚C; detector temperature 200˚C; oven tem-
perature 75˚C; sensitivity 4 × 10; carrier gas, Helium; flow rate through the 
column was 0.33 mL∙s−1. 

https://doi.org/10.4236/ajps.2020.113027


D. O. Ofosu et al. 
 

 

DOI: 10.4236/ajps.2020.113027 375 American Journal of Plant Sciences 
 

Table 1. Peel colour changes of plantain at various stages of ripening. 

Physiological phases Ripening stage (colour score) Description of peel colour 

Pre-climacteric 
1 1 Green 

1 2 Pale green 

Climacteric 

2 3 Pale green with yellow tips 

2 4 50% yellow 50% green 

2 5 More yellow than green 

2 6 All yellow 

Senescence 

3 7 Yellow flecked with brown 

3 8 50% black 50% yellow 

3 9 More black than yellow 

3 10 Pure black 

2.6. Determination of Starch Content Up to the Onset of Ripening 

The method of [16] was used. The samples were defatted with diethylether and 
the soluble sugars were removed with 80% ethanol at 80˚C. After centrifugation, 
the starch was hydrolyzed with 0.25 mol/L sulfuric acid at 100˚C for one (1) 
hour. The hydrolysate was mixed with 76% anthrone-sulfuric solution, heated 
for 10 min and cooled. A blank was prepared with distilled water instead of the 
sample extract. The absorbance was determined at 620 nm in a Shimadzu 
UV–vis 160 A spectrophotometer (Kyoto, Japan). The concentration of glucose 
was calculated from standard curves (r2 ≥ 0.9937) and the levels of starch (g/100 
g) were calculated using a conversion factor of 0.9. 

2.7. Determination of Reducing Sugar Content Up to the Onset of 
Ripening 

The reducing sugar content in the irradiated and unirradiated plantain pulp 
during the storage was determined using the Lane-Eynon method [17]. Ten (10) 
grams of the pulp was homogenized with 100 ml of distilled water in a Waring 
Blender (Model 35BL59, USA) for 15 seconds. The homogenate was centrifuged 
at 4000 rpm for five (5) minutes. Twenty-five (25) ml of mixed Fehling’s solu-
tion was pipetted into 250 ml volumetric flask. The flask was swirled while heat-
ing over a Bunsen flame. The mixed Fehling’s solution was boiled moderately for 
1.5 to 2 minutes and two (2) drops of methylene blue solution was quickly add-
ed. Immediately, the homogenate solution of the plantain was added via a bu-
rette at a rate of about 0.25 ml per 15 seconds. The titration was completed 
within 3 minutes from the time boiling commenced. 

( ) 100  Percentage of reducing sugars calculated as sucrose A a
P V
×

=
×

×
 

where A = volume (mL) of solution of prepared sample; P = weight of sample 
used (g); V = volume (mL) of sample aqueous solution used in titration; a = 
amount of sucrose equivalent to 20 mL Fehling’s solution 
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2.8. Determination of Total Soluble Solids (˚Brix) Content Up to 
the Onset of Ripening 

The method of [18] was used to determine the total soluble solids (TSS) of fruit 
at the first four stages of ripening. Approximately 30 g of plantain pulp was ho-
mogenized in 90 mL of distilled water for 2 min and filtered using Whatman 
No.1 filter paper. A single drop of the filtrate was placed on the prism of a re-
fractometer with a degree brix range of 0% - 32% and resolutions of 0.2 ˚Brix at 
20˚C with distilled water and readings for percentage TSS were expressed in de-
grees Brix (˚Bx). Recorded values were multiplied by three due to the dilution 
factor of the pulp, which is three times the amount of distilled water. 

2.9. Data Analysis 

The data generated from this research was subjected to analysis of variance using 
the Statistix 10 statistical software. Means were separated using Tukey’s HSD 
with the level of significance set at 0.01. 

3. Results and Discussion 

Several researchers have recommended the use of gamma irradiation as one of 
the ways to extend the shelf life of many agricultural produce. Apart from de-
laying ripening, gamma irradiation has been reported to eliminate pathogenic 
bacteria, disinfest fresh fruits and vegetables as a postharvest quarantine treat-
ment, inhibit sprouting of bulbs and tubers, and reduce or eliminate microor-
ganisms [19] [20] [21]. 

In the present study, there was significant variety x irradiation dose interac-
tions for the number of days to the onset of fruit ripening (Table 2). Apem irra-
diated at 200 Gy and the unirradiated (0 Gy) Apem took the longest time to start 
ripening (5.7 days), significantly longer than the other treatment combinations 
but similar to Apantu irradiated at 200 Gy (5.1 days) and Apem irradiated at 600 
Gy (4.8 days). 

The time taken for the individual varieties to reach the onset of ripening is di-
rectly linked to the amount of ethylene produced after irradiation (Table 3). The 
daily mean ethylene production for both varieties was lowest at 200 Gy. Even 
though Apantu had a lower daily average as compared to Apem, it reached the  
 
Table 2. Effect of variety and irradiation dose on the number of days to onset of fruit ri-
pening. 

 Number of days to onset of ripening  

Variety 
Irradiation dose (Gy) 

Mean 
0 200 400 600 800 1000 

Apantu 4.1 5.1 4.4 4.8 3.8 3.4 4.3 

Apem 5.7 5.7 4.6 4.8 4.0 4.7 4.9 

Mean 4.9 5.4 4.5 4.8 3.9 4.0  

Tukey HSD (0.01): Variety = 0.25; Irradiation dose = 0.57; Variety × Irradiation dose = 0.90. 
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Table 3. Effect of variety and irradiation dose on ethylene production (µl∙kg−1∙hr−1). 

 Ethylene Production (µl∙kg−1∙hr−1)  

Variety 
Irradiation dose (Gy)  

0 200 400 600 800 1000 Mean 

Apantu 310.1 286.5 250.3 241.8 237.5 256.0 263.7 

Apem 467.1 386.4 451.1 444.8 374.6 438.7 427.1 

Mean 388.6 336.5 350.7 343.3 306.0 347.3  

Tukey HSD (0.01): Variety = 10.60; Irradiation dose = 23.02; Variety × Irradiation dose = 36.44. 

 
onset of ripening relatively quicker than Apem. In the present study, the pro-
duction of ethylene production is not inhibited, even by doses of 1000 Gy. The 
irradiation does (200 Gy and 400 Gy) appear to cause a momentary inhibition in 
the volumes of the ethylene released by causing a mutation in the ACC oxidase 
production, the rate limiting enzyme, resulting in some delay before the fruits 
reach the onset of ripening. It is apparent that at maturity, ethylene is released by 
the fruit resulting in the ripening process being initiated before the application 
of the irradiation. The higher doses (600 Gy, 800 Gy and 1000 Gy) appear to be 
causing other physicochemical changes in the plantain fruits thereby causing the 
fruit to respond quicker by producing more ethylene in a relatively short time. 

From the present study, it is obvious that irradiation is causing a significant 
decrease in the rate of respiration (Table 4). This is evident from the fact that 
irrespective of the dose applied, the unirradiated usually had a significantly 
higher respiratory rate and the accompanying carbon dioxide production. There 
was however no clear pattern to the effect of the irradiation doses on the carbon 
dioxide production. [22] Reported that respiration rates decrease with increasing 
irradiation doses due to reduced metabolic activities of irradiated samples. 

[23] and [24] report that the ˚Brix increases in plantain fruits after harvest till 
the fruit reaches the climacterium. The increase in the total soluble solids con-
tent of plantains as it ripens has been attributed to the increased activity of ri-
pening related enzymes like α amylase, β amylase and starch phosphorylase [25] 
[26] which cause the starches in the pulp to be broken down to sugars. Plantain 
varieties irradiated at 1000 Gy had the highest amount of total soluble solids 
contents (10.7˚Brix) significantly higher than the other stages of ripening yet 
similar to the plantain varieties irradiated at 600 Gy (10.6˚Brix), 800 Gy 
(10.6˚Brix) and the unirradiated (0 Gy) plantain varieties. (10.3˚Brix) (Table 5). 
The higher doses broke down the complex starches hence their higher soluble 
solids content. [27] suggested that lower levels of soluble solids may confer a 
better cooking quality as plantains would be less sweet and also less prone to 
textural breakdown when cooked. 

Apantu irradiated at 200 Gy had the highest starch content (81.1 g/100 g), sig-
nificantly higher than the other treatment combinations yet similar to the unir-
radiated (0 Gy) Apantu (80.9 g/100 g) and the Apantu irradiated at 400 Gy (80.5 
g/100 g). The least starch content was recorded in Apem irradiated at 1000 Gy  
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Table 4. Effect of variety and irradiation dose on carbon dioxide production (ml CO2 kg−1 
hr−1). 

 Carbon dioxide production (ml CO2 kg−1 hr−1)  

Variety 
Irradiation dose (Gy) 

Mean 
0 200 400 600 800 1000 

Apantu 223.5 240.8 188.1 214.8 166.2 156.2 198.3 

Apem 244.6 215.0 184.7 190.8 153.2 184.2 195.4 

Mean 234.0 227.9 186.4 202.8 159.7 170.2  

Tukey HSD (0.01): Variety = 3.65; Irradiation dose = 8.36; Variety × Irradiation dose = 13.23. 
 
Table 5. Effect of variety and irradiation dose on total soluble solids content (˚Brix). 

 Total Soluble Solids (˚Brix)  

Variety 
Irradiation dose (Gy) 

Mean 
0 200 400 600 800 1000 

Apantu 13.0 12.5 12.3 12.8 13.3 13.3 12.8 

Apem 7.7 7.8 7.7 8.2 8.0 8.0 7.9 

Mean 10.3 10.1 10.0 10.6 10.6 10.7  

Tukey HSD (0.01): Variety = 0.16; Irradiation dose = 0.36; Variety × Irradiation dose = 0.57. 
 
(69.1 g/100 g) yet similar to the Apem irradiated at 800 Gy (69.8 g/100 g) (Table 
6). The levels of starch found in the plantains in the present study, prior to ir-
radiation, are consistent with values reported in literature [28] [29]. [30] work-
ing on Cavendish bananas found that the decrease in the degradation of starch 
correlated significantly with the increase in radiation dose. This is the case in 
this present study where higher doses of radiation resulted in quicker degrada-
tion of the starches. [31] [32] made a contrary assertion that doses below 0.75 
kGy do not affect starch degradation whereas irradiation at 1.0 kGy inhibits 
starch degradation of Prata bananas. 

Starch reserves in fruits are an important factor in contributing to the sugar 
content in most ripe fruits [33]. In both the Apantu and Apem used in this work, 
the higher irradiation doses resulted in significantly more reducing sugars by 
stage 4 of the ripening process (Table 7). Irradiation has been reported to affect 
the rate of fructose and glucose formation during storage in Prata bananas. The 
rate of fructose and glucose formation is reported to be reduced with increasing 
radiation dose [31]. This present work is showing the opposite of the reported 
effect of irradiation on the fructose and glucose formation during ripening. The 
increase is due to the irradiation breaking down the starches into the simpler 
sugars. 

4. Conclusions 

Though some earlier reports on banana/plantain had suggested that irradiations 
doses of around 500 Gy could maintain green life for longer, this present work  
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Table 6. Effect of variety and irradiation dose on starch content (g/100 g). 

Variety 
Irradiation dose (Gy) 

Mean 
0 200 400 600 800 1000 

Apantu 80.9 81.1 80.5 80.1 79.1 73.9 79.3 

Apem 71.1 70.7 76.1 71.0 69.8 69.1 71.3 

Mean 76.0 75.9 78.3 75.6 74.5 71.5  

Tukey HSD (0.01): Variety = 0.19; Irradiation dose = 0.44; Variety × Irradiation dose = 0.70. 
 
Table 7. Effect of variety and irradiation dose on sugar content (g/10 g). 

Variety 
Irradiation dose (Gy) 

Mean 
0 200 400 600 800 1000 

Apantu 2.13 2.11 2.09 2.18 2.25 2.35 2.19 

Apem 1.84 1.87 1.87 1.87 1.89 1.90 1.87 

Mean 1.98 1.99 1.98 2.03 2.07 2.13  

Tukey HSD (0.01): Variety = 0.016; Irradiation dose = 0.037; Variety × Irradiation dose = 0.059. 
 
has shown that doses of 200 Gy are equally effective. Carbon dioxide and ethy-
lene production rates were affected by the gamma irradiation applied. The slow-
er the release of ethylene by the plantain fruits, the longer it stayed in the green 
state prior to the onset of ripening. Irradiation caused the delay in ripening of 
the plantain fruits by affecting the respiratory rate more, than limiting the re-
lease of the ripening hormone, ethylene. 
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