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Introduction 
 

Banana, a fruit of tropics is so prominent and 

popular owing to its nutritive value and 

cheapest among the fruits grown. Bananas are 

harvested at mature green stage and ripened 

under controlled conditions at destination 

market. The ripened banana is soft, and highly 

perishable with postharvest loses estimated to 

be more than 25 % (28) and marketable life of 

ripened banana turns into unmarketable in 

only 1-3 days (32). Though India is the largest 

producer (Annual production of 297.24 lakh 

tones), contribution to global market is 

insignificant. Most of the bananas are 

consumed in the country and only 20% are 

A study was conducted to evaluate the efficacy of exogenous application of putrescine and 

spermine (Polyamine) on postharvest physiological and biochemical behavior of banana 

cv. Grand Naine. Mature unripe bananas were dipped in varied concentrations of 

putrescine (PUT) (1 mM, 3 mM and 6 mM) and spermine (SPM) (1 μM, 5 μM and 10 μM) 

aqueous solution and stored at cold storage (13 °C ± 1, 85 % RH). Dipping of bananas in 

distilled water served as control. The physiological and biochemical parameters were 

recorded at 7 days interval after subsequent ripening under ambient conditions (7 +18, 14 

+12, 21 + 7 and 28 + 5 days). Results revealed that among treatments 5 µM spermine was 

more effective in reducing the physiological loss in weight (4.06%), fruit softening 

(991.18g), colour change, delayed the biochemical changes by decreasing the conversion 

of starch (3.61%) into sugars (16.53%), and reduced the consumption of organic acids 

which was witnessed by low respiration rate (123.84 ml CO2 /kg/h), highest value for 

ascorbic acid (13.69 mg/100g) and titratable acidity (0.396%) while maintaining good 

organoleptic qualities. Thus, the exogenous application of polyamines could be effective as 

a postharvest tool in maintaining the quality and shelf life of banana cv. Grand Naine. 
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exported. The physiological changes that 

occur after fruit ripening, restricts the handling 

and transportation. 
 

The fruit ripening can be delayed by lowering 

the storage temperature and using special 

chemicals. Banana fruits suffer chilling injury 

at a very low temperature and use of 

chemicals has led to many health hazards. 

Thus, there is a need for a safe bio-based 

chemical which can delay ripening.  

 

Deterioration of fruit quality physiologically 

correlates with reduction of polyamine (PA) 

content in the ripening fruits and increase in 

ethylene production as both polyamine and 

ethylene share the common precursor S-

adenosyl methionine (5, 20). Much research 

evidences have shown that exogenous 

polyamines can inhibit ethylene biosynthesis 

and thereby delay the ripening process (11). 

Polyamines are biological compounds of low 

molecular weight in their free forms which act 

as anti-senescent agents, delay ethylene 

production, reduce rate of respiration, increase 

fruit firmness, induce mechanical resistance, 

reduce chilling symptoms and retard colour 

changes (30).  

 

The major polyamines found in every plant 

cell are spermidine (spd), spermine (spm) and 

putrescine (put) (7). Previously, exogenous 

application of PUT and SPM(PAs) has been 

reported to improve shelf life and quality in 

many climacteric and non-climacteric fruits 

like plum (24),apricot (8),strawberries (13), 

Kiwifruit (10); Mango (12, 15), Peach (2), 

Pomegranate (1) and Blood orange (6). It has 

been observed that much of the research 

findings are available on temperate fruits. The 

research findings on usefulness of exogenous 

application of polyamines on tropical fruits 

like banana are lacking and needs thorough 

investigation. The purpose of this study is to 

elucidate the effective utilization of PUT and 

SPM as a postharvest tool with an aim to 

improve the quality and shelf life of banana 

cv. Grand Naine under cold storage conditions 

(13 °C ± 1). 

 

Materials and Methods 

 

Fruit material and treatments with 

polyamines 

 

Banana fruits cv. Grand Naine was procured 

from Department of Fruit science of Kittur 

Rani Channamma College of Horticulture, 

Arabhavi, Belgaum (District), Karnataka, 

India. Fruits of uniform size, shape, maturity 

free from any visible blemishes and diseases 

were sorted to maintain the uniformity. 

Further the fruits were washed in clean water 

and air dried under electric fan. The surface 

air dried fruits were sanitized with 0.2 per cent 

sodium hypochlorite solution for five minutes 

and used for the further experiment. The 

different concentration of PUT and SPM was 

prepared out of the stock solution of 10 mM 

and 1 mM, respectively. The tween 20 (0.1 %) 

was added with the aqueous solutions. The 

fruits were immersed in different 

concentrations of PUT (1 mM, 3 mMand 6 

mM) and SPM (1 μM, 5 μM and 10 μM) 

separately for 30 minutes and air dried under 

electric fan. The distilled water served as a 

control. The cut crown portion plugged with 

cotton treated with 0.1 per cent carbendazim 

to control the crown rot. The fruits were 

packed in polythene cover, placed in 

ventilated corrugated fiber board boxes (CFB) 

and stored at cold storage (13 ± 1 º C and 85 

per cent relative humidity). The samples were 

examined at an interval of 7, 14, 21 and 28 

days. At the end of the each interval fruits 

were taken out from the cold room and held at 

room temperature to facilitate natural ripening. 

The days taken to ripen at ambient condition 

varied after each interval period. 

 

Physiological loss in weight 
 

The cumulative loss in weight of fruits were 

calculated and expressed as per cent 
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physiological loss in weight using the formula, 

Physiological loss in weight (%) = ((initial 

weight- final weight)/ initial weight) × 100. 

 

Firmness, respiration rate and colour (L* 

a* b* C* h°) 
 

Firmness was measured using Lutron FG-

5000A penetrometer. Respiration rate (ml 

CO2/kg/h) was measured by static method 

using gas analyzer (PBI, DANSENSOR, 

CHECKMATE 2). The colour was measured 

using a Lovibond colour meter (Lovibond 

RT300, Portable spectrophotometer, The 

Tintometer Limited, Salisbury, UK) fitted 

with Xrite 962 sensor, 8mm diameter aperture, 

D65 illuminant and 10° observer. The Colour 

was expressed in Lovibond units L* 

(Lightness/darkness), a* (redness/ greenness), 

b* (yellowness/blueness), C* (chroma) and h° 

(hue angle). 

 

TSS and pulp to peel ratio 

 

TSS was determined using Erma hand 

refractrometer. Pulp and peel were separated 

and weighed separately and expressed as pulp 

to peel ratio (pulp weight/ peel weight).  

 

Titratable acidity (%), Ascorbic acid (mg / 

100 g), Total sugars (%) and Starch (%) 

 

Quality components like titratable acidity, 

ascorbic acid, total sugar and starch are 

estimated according to standard methods (22).  

 

Organoleptic evaluation (5-point Hedonic 

scale) 

 

The organoleptic evaluation was carried out 

by a panel of six semi-trained judges. The 

sensory characters like skin colour as well as 

colour and appearance, texture, taste and 

flavour, and overall acceptability of flesh were 

evaluated on a 5 point Hedonic scale. The 

mean of scores given by the judges were used 

for statistical analysis.  

Statistical analysis 

 
The data were subjected to statistical analysis 

in completely randomized design using ICAR 

research complex for Goa (Web Agri Stat 

package 2). The level of significance used in 

„F‟ test was p= 0.05. Critical difference values 

were calculated wherever „F‟ test was 

significant (21). 

 

Results and Discussion 

 

In the present study the parameters were 

analyzed after fruits were fully ripened under 

ambient conditions. The fruits when stored for 

7 and 14 days under cold storage took 18 and 

12 days for complete ripening process, 

respectively. In contrary to this the fruits 

ripened within 7- 5 days when stored for 21 

and 28 days. However, the effect of treatments 

was same during all the storage period. Hence 

the results after 28 days of cold storage are 

taken as example to explain the impact of the 

treatments.  

 

Physiological loss in weight 

 

The Exogenous polyamine reduced the weight 

loss compared to the control. The exogenous 

SPM application expressed more efficacy than 

PUT in inhibiting weight loss. With regard to 

different concentrations, 0.5µM SPM (4.06 %) 

recorded the lowest value (Fig. 1a). On 

contrary, untreated fruits registered maximum 

value (13.74 %). The water loss (transpiration) 

and utilization of reserved foods (Respiration) 

during metabolic process are the main 

attributes of weight loss during postharvest 

storage. The stomata on banana skin and 

cellular breakdown hasten transpiration. The 

lower weight loss in PUT and SPM treated 

fruits is the consequence of consolidation and 

stabilization of both cell integrity and 

permeability of the tissues as polyamine forms 

linkage with cell membranes and preserves 

waxes of cuticle layer there by retard the 
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removal of epicuticular waxes which play a 

very important role in water exchange through 

the skin (18). Low rates of respiration and 

reduced ethylene production are also the 

reason for this phenomenon (27, 4). 

 

Firmness (g) 

 

The treated fruits had higher firmness value 

compared to the control fruits. After the 28 

days of the storage period the maximum 

firmness was retained in 0.5 µM SPM (991.18 

g) followed by 1 mM PUT (903.95 g) and 10 

mM SPM (873.09 g). Correspondingly, lowest 

firmness was registered in untreated fruit 

(283.81g) (Fig. 1b). Fruit softening could arise 

from one of the three mechanisms; loss of 

turgor; degradation of starch; or breakdown of 

the fruit cell walls. In banana, the degradation 

of starch probably results in fruit texture 

change. The effects of polyamines could be 

due to modification of genes involved in 

ethylene biosynthesis, ethylene perception, 

alteration of cell wall associated enzymes and 

polyamine conjugation (23). According to 

Valero (30) rigidification of cellwall is a 

reason for maintaining fruit firmness in treated 

fruits, which is result of cross-linkage between 

polyamine and carboxyl group of the pecitc 

substances in the cell wall. The bindings 

between polyamines and pectin also inhibit the 

activity of cell wall degrading enzymes, such 

as pectinesterase, pectin methylesterase and 

polygalacturonase and reduced fruit softening 

during storage. 

 

Pulp to peel ratio 

 

Pulp to peel ratio is a good and consistent 

index of ripening of banana. The minimum 

pulp to peel ratio was observed in polyamine 

treated fruits in comparison to untreated fruits.  

Among all the treatments the lowest value was 

found in banana fruits treated with 5µM SPM 

(1.96) followed by 1 mM PUT (2.19). 

Whereas, the untreated fruits (3.06) expressed 

maximum pulp to peel ratio (Fig. 1c). Changes 

in pulp to peel ratio during ripening of banana 

indicate differential changes in moisture 

content of the peel and pulp. The differential 

changes in the pulp to peel during ripening 

indicate different concentration of sugars in 

the two tissues. As the fruit ripen the sugar 

concentration of pulp increases rapidly, which 

leads to flow of moisture from peel to pulp as 

a result differential changes in osmotic 

pressure. The peel loses water to the pulp by 

osmosis and also to the atmosphere through 

transpiration, thereby contributing to an 

increase in the fresh weight of the pulp (29). 

The lowest pulp to peel ratio in PUT and SPM 

treated fruits may be attributed to delay in 

ripening compared to control. 

 

Respiration rate (ml CO2 /kg/h) 

 

The exogenous application of polyamines 

reduced the rise in respiration rate compared 

to the control. The fruits treated with5µM 

SPM (123.84 ml CO2 /kg/h) expressed a 

minimum respiration rate which was closely 

followed by 1 mM PUT (134.62 ml CO2 

/kg/h) and 10 µM SPM (140.33 ml CO2 /kg/h) 

after 28 days of cold storage with 5 days of 

subsequent ripening (Fig. 1d). On the 

contrary, the highest respiration rate value is 

noticed in untreated fruits (188.73 ml 

CO2/kg/h). The minimum respiration rate in 

PUT and SPM treated fruits is mainly due to 

its anti-senescence properties, inhibition of 

ethylene biosynthesis or reduced rate of 

metabolism and favourable water activity (1, 

3). The results are in conformity with many 

reports (16, 3-5). 

 

Colour (L*, a*, b*, C*, h
0
) 

 

The banana is characterized by the green 

colour at the maturity stage which changes to 

yellow colour on ripening. During storage 

period the L*, a*, b* and C* values increased 

and h
0
declined compared to the initial value. 
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This might be due to the chlorophyll 

degradation, which subsequently reveals the 

yellow carotenoid pigments (25). The negative 

value of a*indicates greenness of peel colour 

and the positive value represents the loss of 

greenness (Fig. 2e). The colour parameter b* 

represents yellowness hence it has been 

described as best to reflect the colour changes 

in skin tissues during fruit ripening (17) (Fig. 

2d). The higher values of b* represents fully 

ripened yellow colour fruit. The intensity of 

chroma (Fig. 2c) and purity of the hue (Fig. 

2d) represents the brightness of the fruits 

(26).The minimum L*value (73.77), a*(-0.43), 

b* (49.44),C*(39.44) and maximum h
0
(90.76), 

was observed in the fruits treated with the 5 

μM SPM followed by 1 mM PUT. Whereas 

the untreated fruits expressed the contrast with 

maximum values (84.49, 8.60, 49.44, 49.44, 

for L*, a*, b*and C*respectively and 

minimum for h
0
(80.41). The delay in fruit 

colour development in treated fruits indicates 

the lower chlorophyll degradation, delay in 

carotenoids biosynthesis and senescence. The 

inhibition of peroxidase activity by 

polyamines contributes to lower chlorophyll 

degradation. Earlier, the retardation of 

chlorophyll loss in musk melon with 

exogenous application of polyamines has been 

attributed to reduced hydrolytic activities 

acting on chloroplast thylakoid membranes 

(14). The results are in line with the data 

reported in lemon and apricot (17, 31), mango 

(15), grapes (3). 

 

Total soluble solids (
0
B), Titratable acidity 

(%), Ascorbic acid (mg/100g) 
 

The TSS, TA and ascorbic acid of banana 

fruits (cv. Grand Naine) was significantly 

affected by the polyamine treatments. The 

data revealed that the minimum TSS (15.46 
0
B) (Fig. 3a), ascorbic acid (13.69 mg/100g) 

(Fig. 3b) and maximum titratable acidity 

(0.39%) (Fig. 3d) was observed in 5 μMSPM 

whereas the contrary values were elicited in 

untreated fruits (TSS- 23.34 
0
B; ascorbic acid 

-11.23 mg/100g and TA-0.27%). The soluble 

solids ascorbic acid and titratable acidity could 

be a useful index of maturity or stage of 

ripeness. As ripening advances, acidity 

declines presumably due to the utilization of 

organic acids as respiratory substrates (25). 

The increased acidity in banana fruits during 

ripening might due to an obstruction in protein 

transfer as the fruit ripen. The delayed changes 

in TSS, titratable acidity and ascorbic acid is 

attributed to slower conversion of starch to 

sugar, suppression of ascorbate oxidase 

activity (16), reduction or delay in ethylene 

production, and in turn the delay of ripening. 

 

Total sugar (%) and starch (%) 
 

Hydrolysis of starch and accumulation of 

sugars are the most striking chemical changes 

that occur during the post-harvest ripening of 

banana fruit. In the present study, the fruits 

treated with 5 μM SPM (3.61%) had 

maximum starch content and minimum total 

sugar percentage (16.53 and 17.72, 

respectively). The untreated fruits expressed 

lowest value for starch (2.01 %) and highest 

value for total sugar (22.34 %) (Fig. 4a and 

4b). The results indicated that the conversion 

of starch into sugars was rapid in untreated 

fruits than treated fruits. The postulate of 

effect of PUT and SPM on maximum per cent 

of starch content is slow hydrolysis of starch 

due to delayed ripening and senescence 

process. An increase in amylase and 

phosphorylase activities is strongly correlated 

with starch degradation during banana 

ripening (9). The PAs may affect the activities 

of such enzymes involved in starch 

metabolism. Effects of PAs on the activities of 

amylase and phosphorylase are yet to be 

investigated. Exogenous spermine induces 

higher accumulation of PUT and SPD, which 

could be attributed to an up regulation of 

arginine decarboxylase, a key enzyme for 

polyamine biosynthesis (19). Finally, the 

increased level of endogenous polyamine 

could be responsible for lower sugars per cent.  
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The polyamines applied exogenously increase 

the endogenous PAs and reduce the rates of 

respiration (30) and ethylene production (1, 

24) thus inhibiting ripening related changes 

within the fruit resulting in delayed increase 

of sugars in PUT and SPM treated banana (cv. 

Grand Naine) fruits. Malik and Singh (23) 

reported that the lower sugar content in the 

PAs treated fruits compared to control may be 

due to slower conversion of starch to sugars. 

 

Organoleptic evaluation 

 

The maximum scores for sensory attributes is 

recorded by 5 µM SPM, while, the minimum 

score is gained by untreated fruits (Fig. 5). 

During the ripening of banana, the flesh 

colour changes from the typical “opaque 

white” to a “very soft yellow”. As PUT and 

SPM treated fruits had maximum per cent of 

starch in comparison to the control the fruit 

showed the “opaque white” colour and scored 

high in comparison to control fruits. This 

colour change could be used to ascertain pulp 

texture during maturation. The hard green 

fruit turns into a yellow with soft internal pulp 

and become mushy as it advances towards 

senescence. The lower score for untreated 

fruits might be due to mushy soft texture due 

to over ripening. While, the highest score for 

PUT and SPM treated fruits is due to 

maximum firmness of the fruits. This is 

evident from the maximum firmness value in 

PUT and SPM treated fruits. 

 

 

Figure.1 Effect of putrescine and spermineon PLW (a), firmness (b), pulp to peel ratio (c) and 

respiration rate (d)of banana cv. Grand Nainestored at 13 ºC ± 1 followed by ripening at room 

temperature. The results represent the mean of 3 fruits ± S.E 

 
                                  1(a)                                                                                 1(b) 

 
                                      1(c)                                                                       1(d) 
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Figure.2 Effect of putrescine and spermine on L* (a), b* (b), C *(c), h º (d) and a *(e) of banana 

cv. Grand Naine stored at 13 ºC ± 1 followed by ripening at room temperature. The results 

represent the mean of 3 fruits ± S.E 

 
 

                                                   2(a)                                                                          2(b) 

 
 

                                                  2(c)                                                                             2(d) 

 
 

2 (e). 
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Figure.3 Effect of putrescine and spermine on TSS (a), Ascorbic acid (b) and Titratable acidity 

(c) of banana cv. Grand Naine stored at 13 ºC ± 1 followed by ripening at room temperature. The 

results represent the mean of 3 fruits ± S.E 

 
 

3(a)                                                                               3(b) 

 
 

3 (c) 

 
 

 

Figure.4 Effect of putrescine and spermine on Total sugar (a) and starch (b) of banana cv. Grand 

Naine stored at 13 ºC ± 1 followed by ripening at room temperature. The results represent the 

mean of 3 fruits ± S.E. 

 
4(a)                                                                                 4(b) 
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Figure.5 Effect of putrescine and spermine on organoleptic acceptability of banana cv. Grand 

Naine stored at 13 ºC ± 1 followed by ripening at room temperature. The results represent the 

mean of 3 fruits ± S.E. 

 

 
 

The taste and flavour is maintained by PUT 

and SPM treated fruits due to delayed 

ripening while it reduced in untreated fruits as 

fruits were in senescence stage at the end of 

the storage period. The high score for overall 

acceptability of fruits obtained in these 

treatments (1 mM PUT and 5 μM) may be 

due to good appearance, better texture and 

skin colour. The post-harvest dip treatment of 

PUT and SPM resulted in better organoleptic 

quality, especially in terms of flesh texture, 

colour and appearance, and taste. The similar 

findings are reported in (4, 27), mango (11) 

and in strawberry (13). 

 

In conclusion, exogenous application of PUT 

and SPM improve the quality and storability 

of banana fruits cv. Grand Naine. The 

improvement in the storage potential of 

treated fruits was evident from the reduction 

in postharvest metabolic rate, delay in 

ripening, and increase in nutritional quality 

(titratable acidity and ascorbic acid) with 

sensory acceptability. However among the 

two polyamine treatments the 5 μMSPM was 

found to be more effective. Although the 

synthetic polyamines available in market are 

expensive, the effectiveness of chemical at 

very lower concentration dose makes it 

economically feasible. Postharvest application 

of polyamine could be simple and effective 

technique to control the postharvest loss of 

banana fruits with improvement in quality and 

shelf life under cold storage (13 ºC ± 1). 
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