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Abstract
 Musa (AAA Group) cv. Kluai Hom Thong  is popular and widely consumed fruits in Thailand and overseas. This 
experiment showed an influence of spermidine (SPD) on change of peel color and browning in banana. Ripe bananas 
were soaked with  0, 0.2, 0.5 and 2.0 mM and then stored at 10 oC, 85±5 %RH. Bananas, treated with 0.5 and 2.0 mM 
SPD, showed alteration of biochemical changes such as color, ripping and enzymatic browning reaction. Biochemical 
changes included chlorophyll, carotenoid, phenolic compounds, as well as polyphenol oxidase and peroxidase activities 
which increased during storage. Bananas, treated with SPD at 0.5 and 2.0 mM, exhibited a reduction in an accumulation 
of phenolic compounds, polyphenol oxidase and peroxidase activities, comparing with the non-treated SPD samples.
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Introduction
  Polyamines (PAs) are low molecular weight 
compounds which present in all living organisms (Cohen, 
1998). They are essential for growth and development in 
both  prokaryotes and eukaryotes. The PAs in plants are 
divided into three types, including putrescine (PUT), 
spermidine (SPD) and spermine (SPM) (Flores et al., 
1989). Several studies have shown that growth and 
development positively correlated with the concentration 
of either total PAs or one of the three main PAs (Biasi et 
al., 1988; Kushad, 1998; Ziosi et al., 2003; Singh and 
Malik, 2004). Furthermore, it has been reported that 
alteration of PAs correlated with various abiotic stress 
conditions, and stress-induced PAs accumulation is 
important for plants to respond to abiotic stresses.
  PAs are used in postharvest handling as it has an effect 
in decreasing plant stress. For example, it had been 
reported that exogenous free PAs reduced softening and 
ripening of Mangoes (Mangifera indica L.) (Singh and 
Malik, 2004). Although, there was a study which indicated 
that PAs inhibited chilling injury (CI) in cucumber 
(Cucumis sativus L.) (Zhang et al., 2009), the mechanism 
in which PA affected CI has not been elucidated. Treating 
cold-sensitive produces with hot water may mitigate and 

reduce the chilling symptoms (Rodov et al., 1995; 
Gonza´lez-Aguilar, et al., 2000). 
  The catalytic action of enzymatic browning has an 
enormous impact of the quality of several fruits and 
results in alteration of color, flavor, texture and nutritional 
value (Vamos-Vigyazo, 1981). For export, banana fruits 
have been stored in the container at an optimum 
temperature at 13oC. During storage and transportation, 
banana fruits have changed their skin color as a result of 
enzymatic reaction. The biochemical pathway of browning 
reaction during storage at a low temperature of bananas 
occurred and caused internal cell damage which induced 
the change in peel color by the action of polyphenoloxidase 
(PPO) and peroxidase (POD) (Mayer, 1987).
  Several studies have shown that PPO activity increased 
during ripening, senescence or stress condition when the 
membrane was damaged and the relationship between 
POD and browning of fruits had been widely reported. 
This study aimed to investigate the influence of exogenous 
SPD - one of PAs - on biochemical change of banana 
during low temperature storage. Peel color, chlorophyll, 
carotenoid contents and phenolic compound as well as 
activity of polyphenol oxidase and peroxidase were 
assessed.  
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Materials and Methods 
  Plant material
  Musa AAA (Group) cv. Kluai Hom Thong - harvested 
at 70% maturity - was purchased from Thayang 
Agricultural Cooperative Ltd., Phetchaburi province. 
They were immediately transported to the laboratory, 
Faculty of Animal Sciences and Agricultural Technology, 
Silpakorn University. Bananas were washed with 100 ppm 
hydrochloride solution for 5 minutes to suppress fruit rot 
disease and were subsequently immersed in 200 ppm 
Ethephon® for 10 minutes. They were then air-dried at an 
ambient temperature and stored at room temperature for 
3 days. The ripe bananas were soaked with 0, 0.5 and 0.20 
mM spermidine solution (SPD) for 5 minutes and stored 
at 10 oC. The fruits were randomly chosen from each 
treatment at 0, 6, 9 and 12 day to determine their biological 
changes. 
  Peel color
  Peel color change during storage were measured by 
colorimeter (Model MiniScan EZ, HuterLab). Hunter L*, 
a* and b* values were assessed.  All color measurements 
were taken under the condition of standard illuminant 
D65.    
  Chlorophyll and carotenoid contents
  Chlorophyll and carotenoid contents were determined 
using the method of Arnon (1949). One gram of banana 
peel were extracted with 80% acetone and then filtered 
through filter paper. The absorbance of the extract was 
measured by spectrophotometer (Model Libra S22, 
Biochrom) at 645 and 663 nm, respectively. 
  Total phenolic compounds 
  Total phenolic compound was determined using the 
modified method of Ketsa and Atantee (1998). One grams 
of banana peel were homogenized with 12 ml of 80% 
ethanol for 1 minute. The homogenized mixture was 
centrifuged at 4,400 rpm for 20 minutes. The supernatant 
liquid at 1 ml. was mixed with 10% folin-ciocalteu reagent 
at 4 ml. and 7.5% sodium carbonate at 5 ml. and then 
allowed to settle for 30 minutes. The absorbance of the 
sample solution was measured by a spectrophotometer 
(Model Libra S22, Biochrom) at 765 nm. Total phenolic 
concentration was determined based on a standard curve 
of gallic acid.
  Polyphenol oxidase and peroxidase extraction and 
enzyme activities
  PPO and POD extraction was carried out at 4 oC and 
the  activities were measured using the modified method 
from De Oliveira Lima et al. (1999). One gram of pulp 
was extracted into 10 ml of 0.05M sodium phosphate 
buffer pH 6.5 and then supernatant was used for 
measurement of PPO and POD activities as described by 

Flurkey and Jen (1978) with some modifications. The 
result was compared with the enzyme activity standard 
according to Bradford (1976).
  Statistical analysis
  The completely randomized design (CRD) was used 
throughout the whole experiment with four replications. 
The data was analyzed with one-way analysis of variance 
(ANOVA) followed by Duncan’s multiple range tests. 
Differences at P ≤ 0.01 were considered as statistical 
significance.

Results and discussion 
  Relation between peel color and pigment as 
chlorophyll and carotenoids content
  Bananas were sensitivity to low temperature which 
caused chilling injury (CI), leading to peel color change 
(from green to brown) as a result of the malfunction in 
membrane permeability. In this experiment, bananas were 
stored at a low temperature (at 10oC), resulting to CI. The 
result showed that treated-banana with 2.0 mM SPD had 
both reduced CI symptom and delayed change in peel 
color, compared with the non-treated-banana. 
  Change in peel color and fruit ripening was showed 
in Fig 1. L*, a* and b* were widely used to evaluate the 
browning symptom on fruits, with each value representing 
lightness, red-green and yellow-blue, respectively. The 
decrease in L* (lightness) value in non-treated-banana 
with browning symptom was observed at 12 days. The 
a* (red-green) values in banana treated with 2.0 mM  SPD 
was lower than that of other treatments, indicating that 
SPD may play a role in delaying the occurrence of 
browning symptom. However, there was no significant 
difference in b* (yellow-blue) value between each 
treatment.
  The L* and a* values of the peel color directly 
correlated with pigment color of chlorophyll and 
carotenoid contents (Fig 2). The change of pigment color 
has been considered as an indicator of physiological 
development which can be used to evaluate the fruit 
quality after harvesting. In this study, the chlorophyll 
content in banana treated with 2.0mM  SPD was highest 
and carotenoid content was lowest, which was  
correspondent to the  L* and a* values. The high chlorophyll 
content and low carotenoid contents indicated that fruit 
ripening and CI had been delayed. Hence, the change of 
peel color, chlorophyll and carotenoid contents indicated 
that SPD was effective in delaying fruit ripening during 
storage. It is possible that PAs have affected the  ethylene 
synthesis. It had been reported that PAs could delay 
senescence in plant tissues by inhibiting ACC synthesis 
(Mattoo and Handa, 2008; Chen et al., 2013).
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Figure 1 L*, a* and b  values of peel  color of bananasi,  
   which were dipped with 0, 0.2, 0.5 and 0.2 mM  
   SPD. Each data point represent the mean of four  
   experiment replications

Figure 2 Chlorophyll and carotenoid contents of banana  
   peels which were dipped with 0, 0.2, 0.5 and  
   0.2 mM SPD. Each data point represented the  
   mean of four experiment replications

  Relation between phenolic compounds and enzyme 
activity on browning symptom 
  Phenolic compound change in banana peel occurred 
during the development of browning symptom (Figure 3). 
The phenolic compounds interacted with oxygen in the 
atmosphere, catalyzing by polyphenol oxidase (PPO) and 
peroxidase (POD) and producing the complex browning 
polymer end-product. This enzymatic browning reaction 
caused deterioration not only in the peel color but also in 
the flavor and the nutritional quality (Walker and Ferrar, 

1998). In this experiment, bananas were stored at 10 oC, 
initiating chilling injury and causing change in peel color. 
Consequently, the increase of phenolic compound and 
browning symptom of banana were detected. The suitable 
temperature during storage and transportation has been 
reported to be above 13oC (Kerbel, 2004).   
  Phenolic compounds in the non-treated-bananas 
increased rapidly until the final day of storage. The 
phenolic compounds of all SPD-treated-bananas showed 
that bananas treated with 0.5 mM SPD had the lowest 
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content of phenolic compounds, compared with the non-
treated-bananas, indicating that SPD may delay the 
production of phenolic compounds in banana tissues.
  In this study, PPO and POD activities were found to 
increase during storage, corresponding with the increase 
in the phenolic compounds. The increased PPO and POD 
activities affected the accumulation of the phenolic 
compounds in banana peel (Figure 4). The non-treated 
bananas were shown to possess the rapid increase in PPO 
and POD activities until 9 days, and these activities 
decreased until the final day of storage. After 9 days, the 
levels of PPO and POD activities in control treatment 
significantly reduced 3.0- and 2.5-fold, respectively.
  The activity of PPO and POD in the 0.5mM SPD-
treated bananas was lowest, with significant difference 
(P≤0.01) (Figure 4A and 4B).  This indicated that SPD 
may play a role in inhibiting the browning reaction 
enzyme activity. Several studies have shown that PAs  
reduced chilling injury and browning symptom in fruits 

and vegetable such as pepper fruit (Gonzalez-Aguilar, et 
al., 2000), mango (Malik and Singh, 2005), peach (Liu et 
al., 2006) and cucumber (Zhang, et al., 2009). PAs may 
enhance plant tolerance to cold stress by stimulating the 
activity of several antioxidants such as catalyses (CAT), 
superoxide dismutase (SOD) and ascorbate peroxidase 
(APX). The increase in the antioxidant agents may reduce 
reactive oxygen species (ROS) – an agent initiating cell 
damage.

Conclusion
  Consumers are sensitive to abnormally in shape and 
color of horticultural produces. The change of peel color 
and browning symptom in banana can be used to indentify 
senescence and fruit ripening during storage. This study 
found that 2.0 mM SPD was effective in both delaying a 
change in peel color of banana and inhibiting the 
degradation of chlorophyll. Additionally, treating bananas 
with 0.5 mM and 2.0 mM SPD reduced the browning 

Figure 3 Phenolic compounds (mg/g.FW) of banana peels     
              which were dipped with 0, 0.2, 0.5 and 0.2 mM  
              SPD. Each data point represents the mean of four  
               experiment replications

Figure 4 Enzymatic activity of banana peels, including  
   PPO and POD activities (mg/g.FW), which were  
   dipped with 0, 0.2, 0.5 and 0.2 mM SPD. Each  
   data point represents the mean of four experiment  
   replications
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symptom in storage at low temperature. These bananas 
also possessed lower phenolic compounds and had lower 
activity of PPO and POD, compared with non-treated 
bananas.
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