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Abstract

Putrescine (PUT) and spermine (SPM) are polyamines (PAs) which attribute to an intermediate for plant growth
regulators. Moreover, there is an evidence that PAs are associated with the reduction of biotic and abiotic stresses in plant
cell. To determine the effect of PUT and SPM on qualities of Musa cv. Hom Thong, mature bananas were immersed with
0.5 mM PUT or SPM for 5 min and stored at 10°C. The result indicated that PAs improved postharvest qualities and
reduced browning symptom compared to untreated fruit. PUT and SPM also reduced weight loss and ion leakage.
Additionally, the diminution in phenolic compounds, polyphenol oxidase and peroxidase activities indicated a reduction
in browning symptom. Both PUT and SPM also affected fruit ripening. The treatments delayed the increase of total sugar
and chlorophyll degradation indicating by the lower chlorophyll content, a* and b* values. SPM showed higher efficiency
in improving qualities of banana cv. ‘Hom Thong’ than PUT.
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Introduction

Banana fruit is one of the most popular fruit worldwide.
The major problem in banana export and storage is a rapid
ripening and browning leading to a short shelf-life. There
are several methods that have been used to inhibit the
physiological change; one of these method is a low
temperature storage (Facundo et al., 2015; Jing et al., 2004).
However, banana is highly sensitive to temperature below
13°C which induces chilling injury (CI). The CI symptom
induces peel browning, pitting and softening, which has a
direct effect on consumer acceptance and market demand
(Jiang et al., 2004).

The polyamines (PAs), mainly putrescine (PUT),
spermidine (SPD) and spermine (SPM) are polycationic
compound that are represented in association with the plant
growth and developmental processes such as cell division,
fruit ripening and senescence (Pandey et al., 2000; Theiss et
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al., 2002). PAs are not only involved in plant growth and
development, but also play important roles in increasing the
plant tolerance to biotic and abiotic stresses (Bouchereau et
al., 1999; Gill and Tuteja, 2010; Hussaina et al., 2011). There
have been reports indicated that the augmentation of the free
PAs level under stress condition correlated with increasing
the defense response of plants (Roy and Wu, 2005; Liu et
al.,2015; Zhang et al., 2015). PAs application in postharvest
fruit has been shown to effect shelf life and quality of various
fruit such as litchi (Jiang and Chen, 1995), pepper (Gonza lez-
Aguilar, 2000), plum (Serrano et al., 2003), pomegranate
(Mirdehghan et al., 2007) and zucchini (Palma et al., 2014).
Research studies showed that PAs can increase stress
tolerance during cold storage and retard shelf life of fruit as
aresult from an induction of antioxidant system. Additionally,
the studies indicated that PAs level in fruit is involved in

physiological changes such as chlorophyll degradation,
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ethylene production, fruit ripening and enzymatic browning
reaction (Cohen et al., 1979; Morilla et al., 1996; Jhalegar
et al., 2012; Nilprapruck et al., 2016). Hence, the objective
of this study was to investigate the role of PUT and SPM
on maintaining quality and reduce browning symptom in

Musa AAA group cv. ‘Hom Thongat low temperature.

Materials and Methods

Plant material and treatment

Banana fruits (Musa (AAA group) cv. ’Hom Thong’) at
70% maturity stage from Thayang Agricultural Cooperative
Ltd., Phetchaburi province were used as material. Banana
fruits of uniform size and shape were selected, each hand
comprised 10-12 banana fingers. The fruits were washed
with 100 ppm hypochlorite solution for 5 min to suppress
fruit rot disease and then immersed in 200 ppm ethephon
(Superior Chemical Industry, Thailand) for 10 min, and were
air-dried at an ambient temperature. The fruits were stored
at room temperature for 3 days to stimulate fruit ripening.

The selected ripe fruits (360 fruits, unique color) were
randomly divided into 3 groups. The first group was
immersed in distilled water (control) and the second and
third groups were received an exogenous application of 0.5
mM putrescine (PUT) (>98.5% Sigma, USA) and spermine
(SPM) (> 97% Sigma, USA) for 5 min and were stored at
10 °C. The banana fruits were taken at 0, 3, 6,9 and 12 days

for quality assessment.

Weight loss
Each banana was weighed to calculate percentage of

weight loss with respect to the initial weight as followed:

Weight loss (%) =

itial weight-Final fresh weight) % 100
Initial fresh weigh

Electrolyte leakage

Electrolyte leakage was determined based on the method
of McCollum and McDonald (1991). Twelve tissue samples
in peel were placed with 50 ml of 0.4 M mannitol and incubated
at 25 °C for 3 hours (data A). The Electrical conductivity of

the solution was measured at room temperature using a
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conductivity meter (Model EcoScan CON6, EUTECH). Total
electrolyte was determined on the same samples after they
were autoclaved for 30 min at 121 °C and cooled to room
temperature (data B). Leakage data were expressed as a

percentage of total electrolyte reading.

B
Total electrolyte leakage (%) = N % 100

Total phenolic compounds of banana peel

To determine total phenolic compounds, 1 g of frozen
peel was ground in a mortar with liquid nitrogen and extracted
with 12 ml of 80% ethanol, then centrifuged at 4,400 rpm
for 20 min at 4°C. The supernatant was used to assay total
phenolic compounds according to Ketsa and Atantee (1998).
Reaction mixtures contained 4 ml of 10% Folin-Ciocalteu
reagent and 5 ml of 7.5% sodium carbonate. The absorbance
was measured by a spectrophotometer (Model Libra S22,
Biochrom, USA) at 765 nm. Total phenolic compounds were

determined based on a standard curve of gallic acid.

Polyphenol oxidase and peroxidase assay

PPO and POD extraction was carried out at 4°C and the
activity was measured using the modified method of
De Oliveira Lima et al. (1999). Peel tissue (1.0g) were
homogenized in a cooled mortar using a pestle with 10 ml
0f 0.05M sodium phosphate buffer (pH 6.5). The homogenate
was centrifuged at 4,400 rpm for 30 min at 4°C. The
supernatant was thoroughly used as enzyme extracts for
assaying PPO and POD activity (Flurkey and Jen, 1978). The
specific activity of enzyme is expressed as unit mg protein™.

Protein content in the enzyme extracts were determined
following the method of Bradford (1976). The reaction
mixture used in assay consisted of enzyme extracts and
Braford reagent. The absorbance at 595 nm was measured
using spectrophotometer (Model Libra S22, Biochrom,
USA). The protein content was calculated using bovine
serum albumin as a standard and expressed as mg protein
ml! of enzyme extract.

Total sugar content

One gram of pulp was extracted with 20 ml of 50%
ethanol at 60 °C for 2 h. One milliliter of the supernatant
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was mixed with 0.5 ml of 0.1N hydrochloric acid and boiled
for 15 min. This mixture was then mixed with 0.5 ml of 0.1N
sodium hydroxide. One milliliter of the supernatant liquid
was then taken for quantifying the total sugar using Somogy-
Nelson’s method (Hodge and Hofreiter, 1962). The
absorbance of Somogy-Nelson’s method was measured by
a spectrophotometer (Model Libra S22, Biochrom, USA)
at 520 nm. The total sugar content was calculated using

glucose as a standard and expressed as mg. 100g™.

Color measurement

The development of peel color was measured by color
meter (Model MiniScan EZ, HuterLab, Germany), the L,
a"and b” values were assessed. All color measurements were

taken under the condition of standard illuminant D65.

Chlorophyll and carotenoid content

Chlorophyll and carotenoid content were determined
using the method of Arnon (1949). One gram of peel was
extracted with 80% acetone and then filtered through filter
paper. The absorbance of the extract was measured by a
spectrophotometer (Model Libra S22, Biochrom) at 480,
645 and 663 nm. The chlorophyll and carotenoid content
was determined by using the following formulas:

Total chlorophyll (mg/l) = 20.2 (A645) + 8.02 (A663)

Carotenoids (mg/1)=A480+(0.114 x A663) - (0.638 x A 645)

Statistical analysis

The completely randomized design (CRD) was used
throughout the whole experiment with three replications.
The data were analyzed with one-way analysis of variance
(ANOVA) followed by Duncan’s multiple range tests.
Differences at P < 0.01 were considered as statistically

significant.

Result and Discussion
Effect of PAs on weight loss and electrolyte leakage
Weight loss is the primary quality attribute measured in
fruits that relates to texture and associated with cellular

breakdown, loss of membrane integrity. In this experiment,
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the weight loss in SPM-treated banana was significantly
lower than PUT-treated banana and non-treated bananas,
respectively (Figure 1). The increase in weight loss seems
to be also correlated with higher electrolyte leakage
(Figure 2). Banana is susceptible to low temperature at a
long time storage resulting in stress, which is an important
cause of membrane cell damage so called chilling injury
(CI). Change of membrane permeability can be investigated
by electrolyte leakage. This experiment indicated that non-
treated banana showed significantly higher electrolyte
leakage than SPM-treated fruit. There are several reports
indicated that exogenous PAs treatment can inhibit CI during
storage by increasing antioxidation group in grape, apricot
and cucumber (Champa et al., 2014; Kousheshsaba et al.,
2012; Zhang et al., 2009).
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Figure 1 Change of weight loss (%) in bananas which had been
immersed with water, 0.5mM PUT and 0.5mM SPM
and stored at 10 °C. Each data point is the mean =SE
of three replicate samples.
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Figure 2 Change of electrolyte leakage (%) in bananas which
had been immersed with water, 0.5 mM PUT and 0.5
mM SPM and stored at 10°C. Each data point is the
mean +SE of three replicate samples.
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Generally, acommon CI symptom in bananas appears more
quickly and severer at temperature below 12°C, leading to
pitting and discoloration of peel (Wills et al., 1998; Jiang et al.,
2004). According to this experiment, non-treated banana showed
the CI symptom on peel while PUT-treated banana and SPM-
treated banana reduced the degree of CI symptom. Moreover, it
indicated that the increase in CI symptom related to increase

in electrolyte leakage.

Effect of PAs on phenolic compounds, PPO and POD
activities

The amount of phenolic compounds in non-treated fruit
increased as storage period increased, while the PAs treated fruits
resulted in only slight increase (Figure 3). Phenolic compounds
in non-treated banana was initially 6.38 + 0.51 mg.g"! and
increased gradually during storage, reaching a maximum of
12.00+0.73 mg.g" on final day of storage. It is well known that
amain cause of browning symptom derived from oxidation of
phenolic substrates by PPO. Hence, the accumulation of phenolic
compounds has been proposed to play a role in particular
browning symptom in various fruits (Mayer and Harel, 1979;
Vaughn et al., 1988; Walker and Ferrar, 1998). The occurrence
of phenolic compound in different treatments was statistically
different. SPM-treated banana efficiently inhibited increasing
phenolic compounds. It could be that the low accumulation
of phenolic compounds in the peel correlated with decreasing
browning symptom. In this case of study, it can suggest that
PUT and SPM treatments can inhibit browning symptom by

correlation with reduce in phenolic compounds.
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Figure 3 Change of phenolic compounds in bananas which had
been immersed with water, 0.5 mM PUT and 0.5 mM
PM and stored at 10 °C. Each data point is the mean
+SE of three replicate samples.
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The expression of enzyme activity such as PPO (Figure 4A)
and POD (Figure 4B) in banana was significantly different, the
highest PPO and POD activity in non-treated banana
increased in day 9 of storage, after that they decreased rapidly
while PUT and SPM treatments were relatively constant. The
activity of PPO in SPM-treated banana was obviously lower
than PUT-treated and non-treated bananas. PPO is considered
to be the key enzyme in tissue browning of cold-damaged
fruit. There had been suggested that higher activity of PPO
can indicate a severe browning symptom in cell (Arpita etal.,
2010; Ding and Ling, 2014). Hence, this study indicated that
PAs can reduce browning symptom which associated with
the reduce of phenolic compounds and PPO activity.

The POD can be considered a stress enzyme stimulated
by low temperatures (El-Hilari et al., 2003). POD activity in
PUT-treated banana and SPM-treated banana were relatively
stable all time of storage, whereas non-treated banana had
an increasing activity in day 9. The result indicated that the

application of PUT and SPM was noticed parallel to reduce in

POD activities during storage compared to non-treated banana.
A
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Figure 4 Change of PPO (A) and POD (B) activity in bananas
which had been immersed with water, 0.5 mM PUT and
0.5 mM SPM and stored at 10°C. Each data point is the
mean +SE of three replicate samples.
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Effect of PAs on total sugar, peel color, chlorophyll
and carotenoid content

The result in Figure 5 illustrates the change of total sugar
in pulp during storage. PAs can reduce a significant increase
in total sugar. These PUT-treated banana appears to be less
susceptible to total sugar than SPM-treated banana. Usually,
the increase of total sugar associated with ripening bananas.
It has been postulated that PAs, which reduce total sugar in
fruits, may participate in ethylene biosynthesis. Because
ethylene and PAs biosynthesis share the common precursor
S-adenosylmethionine, it exerts opposite effects with respect
to fruit ripening. Furthermore, it has been suggested that the
balance between polyamines and ethylene controls fruit
ripening (Paksasorn et al. 1995, Pandey et al. 2000, Franco-
Mora et al. 2005).
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Figure 5 Change of total sugar in bananas which had been
immersed with water, 0.5mM PUT and 0.5mM SPM
and stored at 10 °C. Each data point is the mean =SE

of three replicate samples.

The development of peel color can be used to investigate
fruit ripening, which proposed a change of L*, a” and b*
values (Figure 6). The L" value in non-treated banana was
significantly higher than SPM-treated banana on day 6 and
was lower than SPM-treated banana on day 12. Additionally,
the a* value range from a negative value is green and a
positive value is red, and the b* value range from a negative
value is blue and a positive value is yellow. The non-treated
banana was higher b* value than PUT and SPM treatment

associated with ripening and browning during storage.
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Figure 6 Change of L* (A) a* (B) and b* (C) value in bananas
which had been immersed with water, 0.5mM PUT and
0.5mM SPM and stored at 10 °C. Each data point is
the mean +SE of three replicate samples.

To investigate a relation between ripening fruit and
chlorophyll degradation, changes of chlorophyll and
carotenoid contents were measured during storage
(Figure 7). The decrease of chlorophyll content was involved
in the increase of carotenoid content. PAs had significantly
effective in inhibition of chlorophyll degradation and
carotenoid biosynthesis. According to several researches,
PAs can prevent chlorophyll loss in thylakoid membranes
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by stabilizing photosystem complex and retarding the loss
of apoprotein of the light-harvesting chlorophyll a/b-protein
complex of photosystem II from thylakoid membranes
(Cohenetal., 1979; Cheng et al., 1984; Legocka and Zajchert,
1999; Sen et al., 2014).
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Figure 7 Change of chlorophyll (A) and carotenoid (B) content
in bananas which had been immersed with water, 0.5mM
PUT and 0.5mM SPM and stored at 10 °C. Each data

point is the mean £SE of three replicate samples.

Conclusion

The results of the present experiment on the effect of PUT
and SPM treatment on improving quality of banana at low
temperature storage, indicated that PUT and SPM treatment
extended the shelf life, delayed the ripening fruit and inhibited
the browning symptom. SPM showed higher efficacy than
PUT. The possibility that the process of exogenous PUT and
SPM can reduced chlorophyll degradation and phenolic
biosynthesis.
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