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Abstract

Spine gourd (Momordica dioica) is a tropical under-utilized vegetable (known as King of Gourds)
that belongs to family Cucurbitaceae. It has higher demand in Asia and Sri Lanka due to its distinct
taste and promising health properties known for over thousands of years. However, vulnerability to
postharvest damages due to climacteric ripening behavior results in short shelf-life of this commodity.
It significantly affects their market potential. The present study attempts to extend shelf-life while
maintaining postharvest qualities in spine gourd by using 1-methylcyclopropene (1-MCP) and Low-
Density Polyethylene (LDPE) wrapping at ambient temperature (27+1 °C). The experiment was
conducted according to Completely Randomized Factorial Design using eight treatment combinations:
0, 0.5, 1.0, 1.5 uL L' 1-MCP treated for 15 hours and stored with and without LDPE wrapping under
ambient temperature. Physical parameters; fresh weight loss, firmness, peel color changes and chemical
parameters; total soluble solids, titratable acidity were evaluated five days after treatment. Fresh
weight loss significantly declined in wrapped spine gourd fruits. The highest firmness was observed in
chemically treated fruits with LDPE wrapping. Yellowing of fruits decreased with 0.5 uL L' 1-MCP
and LDPE wrapping. Total soluble solid content was lesser in fruit wrapped with LDPE. Thus, it can be
concluded that some postharvest qualities of spine gourd are positively affected by 0.5 pL L' 1-MCP

concentration with LDPE wrapping.

Keywords: 1-methylcyclopropene, Low-Density Polyethylene, Postharvest Quality, Shelf-life, Spine
gourd

Introduction

Postharvest management is the main quality vegetable with high demand in Asian countries
dependent factor of any harvested horticultural ~(Ratnayake et al., 2019). It is referred to as
commodity. Freshly harvested commodities “King of Gourds” due to its high nutritional
are made to undergo postharvest treatments value (Saha et al., 1991). Fruit of spine gourd
to minimize losses and increase its shelf-life. is free from cholesterol and highly energetic
Worldwide postharvest losses are as high as (45.74Kcal) (Ram et al., 2004). It contains a
30 to 40 % in developing countries due to remarkable amount of carbohydrates, protein,
ineffective postharvest treatments (Jiang et fat, fiber, vitamins and minerals that increase
al., 1999). Spine gourd (Momordica dioica) its market demand, for both processed and
is a perennial, dioecious, cucurbitaceous fresh consumption. Jain and Singhai (2010),
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reported that the fruits are useful in the
treatment of heart diseases, urinary discharges,
excessive salivation, asthma, fever, leprosy
and tumors. Also, fruit powder is used to
induce sneezing, and leading to nasal clearing.
Spine gourd shows some climacteric behavior
which is more or less similar to bitter gourd
(Payal, 2013). As a consequence, preservation
of this important vegetable degrades rapidly
resulting yellowing, softening and senescence.

Ethylene (C,H,) is a ripening hormone of
climacteric fruits. At a certain maturation
stage, ethylene is linked to its binding-
sites in the cell and promotes ripening and
senescence of fruits (Lelievre et al., 1997).
(1-MCP) is
excellent and eco-friendly ethylene inhibitor

1-Methylcyclopropene an
that can retard the ripening of fruits and
vegetables by binding the ethylene receptors
and inhibiting formation of ethylene receptor
complexes (Hu et al., 2017). Then 1-MCP
can reduce the actions of the ethylene in
fruit reducing the rate of fruit softening, peel
color changes, sugar productions and also
fresh weight losses (Jiang and Joyce, 2002;
Wijesinghe et al., 2021). The chemical is
regarded as a safe and widely-used product
in post-harvest management of horticultural
crops (Mahajan et al., 2014; Tomala et al.,
2020; Wijesinghe et al., 2021).

Low density polyethylene (LDPE) wrapping
is a common postharvest technique used to
increase shelf life of different commodities.
It creates a modified atmosphere around the
fruits. Normally, edible spine gourd fruits are
rich with 84.1 % moisture and also spines like
projections results large surface area/volume
ratio (Singh et al., 2009). The high specific
surface area of the fruit leads to increased

moisture loss through fruit surface resulting
fresh weight loss, wilting and ultimately short
shelf life with low quality. Wrapping greatly
reduce moisture loss and also reduces the
respiration rate, chilling injuries, deformation,
blemishes and the fruit decay (Mohommad and
Wickham, 1993). Therefore, the present study
was carried out to evaluate the shelf-life and
postharvest qualities of the spine gourd treated
with 1-MCP and low-density polyethylene
wrapping. Accordingly, objectives of the
present study are to improve the shelf-life and
postharvest qualities of spine gourd by 1-MCP
and by LDPE wrapping.

Materials and Methods

The experiment was conducted at the
Sabaragamuwa University of Sri Lanka as
Completely Randomized Design (CRD) with
factorial structure. Uniform spine gourd fruits,
harvested freshly at horticulture maturity
were treated with Agrofresh™, in powder
form, having 4% active ingredient of 1-MCP.
The experiment design was two factor (2x4)
factorial on basis of CRD. Accordingly, four
levels of 1-MCP: 0 uL L', 0.5 uL L%, 1.0
pL L' and 1.5 pL L' (1-MCP gas volume/
chamber volume) and two levels of wrapping:
with LDPE and without LDPE wrapping. The
eight treatments are shown in the Table 1.
Each treatment has three replicates.
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Table 1.

Eight treatments used for the experiment

Notation Combination

0.0 uL L' 1-MCP and without

T wrapping (Control)

™ 0.5 uL L' 1-MCP + without
wrapping

T3 1.0 uL L' 1-MCP + without
wrapping

T4 1.5 uL L' 1-MCP + without
wrapping

TS 0.0 uL L' 1-MCP + with
wrapping

T6 0.5 uL L' 1-MCP + with
wrapping

T7 1.0 uL L' 1-MCP + with
wrapping

T8 1.5 uL L' 1-MCP + with
wrapping

First, randomly selected spine gourd fruits
were kept inside the sealable chambers (in total
darkness). As per the treatment requirements,
I-MCP masses were added in to 10 %
NaHCO, and kept inside of each chamber. All
chambers were properly sealed to avoid any
gas loss. Fruits were exposed to 1-MCP gas
for 15-hours at room temperature (27+1 °C).
After 15-hours, one set of spine gourd fruits
(from each 1-MCP treatments) were wrapped
individually with LDPE. Five days after
treatments, observations were recorded as
follows. Fresh weight loss of fruits (g/kg) was
calculated by using the following formula,

Fresh weight loss _
(g/ke)

(W1-W2)

x 1000
Wi

Where, W1 = Initial weight of fruits (kg),
W2 = Weight of fruits after five days (kg)

Firmness was determined by using fruit
firmness tester (FHP-803, Agriculture
Solutions LLC, USA). The color of the fruit
peel was determined as L, a* and b" values
using a Colorimeter (CR-400, Minolta, Osaka,
Japan). The Total Soluble Solids content
of fruits was estimated using the Digital
refractometer (ORD 85BM, Kern Optics).
The Titratable Acidity (TA) was determined
by the method described by Kumari et al.
(2017). Data were subjected to statistical
analysis using analysis of variance (ANOVA)
and Duncan’s Multiple Range Test (DMRT)
for pairwise comparison of means at the 5 %
significance level.

Results and Discussion
Fresh weight loss (FWL)

Weight losses during storage period were
expressed in terms of grams per kg of fresh
weight. As shown in Table 2, the analysis of
variance found that the eight treatments are
significantly different (p< 0.05). Furthermore,
it was found that there was no significant
between 1-MCP and
wrapping on FWLs during the storage period

interaction effect

(Table 2). Treatment means are shown in
Table 3.

Application of wrapping  significantly
decreased the weight loss in spine gourd fruits
(p < 0.001). Accordingly, lower fresh weight
loss was revealed by wrapped fruits (TS,
T6, T7 and T8) than the non-wrapped fruits
(T1, T2, T3, T4). DMRT confirmed that the
mean fresh weight loss values of all 1-MCP

treated fruits were not significantly different
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from control treatments (T1 and T5). LDPE
may act as a gas barrier that greatly reduces
gas exchange in the fruits and also modify
the atmosphere around the fruit by reducing

Table 2.

fresh weight loss. This is in agreement with
Singh et al. (1979) that reported lower fresh
weight loss in bitter gourd fruits packed with
400-gauge polyethylene at room temperature.

Summary of the ANOVA table for each variable

Variables
Source
df FWL FF FC B FC_ G FC.Y TSS TA
Between treatments 7 * * * ns * * ns
Between levels of 1-MCP 3 ns * * ns * ns ns
Wrapping vs without wrapping 1 * * * ns * *  ns
1-MCP*Wrapping 3 ns * * ns ns * ns

* Significant at least 5%, ns: not significant at least 5%, df: Degree of freedom, FWL: Fresh
weight loss, FF: Fruit firmness, FC_B: Fruit colour brightness, FC G: Fruit color greenness,
FC_Y: Fruit colour yellowness, TSS: Total Soluble Solids, TA: Titratable Acidity

Fruit firmness (FF)

Firmness of spine gourd fruits at five days
after treatments was given in Table 3. ANOVA
in Table 2 confirmed that fruit firmness among
8 treatments is significant. Furthermore, it
was found that interaction between 1-MCP
and LDPE wrapping was significant at 0.05
level (Table 2). Based on DMRT at 5% level,
highest fruit firmness was observed in 1.0 and
1.5 uL L' 1-MCP with wrapping (T7 and T8)
and that was lowest in T1 and T5 treatments
(0.0 uLL L' 1-MCP with or without wrapping).
This result revealed that, LDPE wrapping
alone may not be effective on preservation
of fruit firmness. However, more promising

results could be achieved when 1-MCP is
applied with wrapping (T6, T7 and TS).
Fruit softening or loss of firmness is mainly
associated with cell wall breakdown and loss
of moisture (Paniagua et al., 2013). According
to present study, wrapping has strong negative
effect on fruit moisture loss. Moreover,
present study revealed that wrapping alone
may not retard loss of firmness. Therefore,
application of 1-MCP is more effective when
fruits were wrapped with LDPE wrapping and
in agreement with Mohommad and Wickham
(1993), it reported lesser fruit firmness drop in
wrapped fruits than the non-wrapped.
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Table 3.

Treatment means, fresh weight loss and firmness of spine gourd fruits at five days after

treatments

Fresh weight loss Firmness
Treatment

Mean (g/kg) Mean (N)
T1 389.41 42.27
T2 347.46 126.00
T3 325.68 68.33
T4 354.02 58.70
T5 124.88 28.93
T6 102.21 183.00
T7 95.81 207.00
T8 104.17 204.66

Fruit color brightness (FC_B)

Mean values of brightness of fruits (measured
as L* wvalue) were given in Table 4.
Accordingto the results in Table 2, I-MCP and
LDPE wrapping interaction was significant
at 0.05 level. Among the treatments, highest
brightness value 52.87 was observed in T4
(1.5 uL L' without wrapping) treatment.
However, that was not significantly different
from T1 (0.0 pL L' 1-MCP without
wrapping) and T5 (0.0 uL L' with wrapping)
treatments. Lowest brightness was observed
in T8 (1.5 uL L' with wrapping) and that
was not significantly different from T1 and
T5 treatments. The immature fruits may have
the highest brightness and the value decrease
with the fruit maturation (Khandaker et al.,
2018). However, present study revealed
that application of 1-MCP with or without
wrapping may not have any negative effect on
fruit brightness.

Fruit color greenness (FC_G)

Greenness (measured as a* value) of the
fruits was given in Table 4. According to
Table 2, 1-MCP or LDPE wrapping did not
significantly have an effect on greenness of
the fruit. It could be due to greater variability
in greenness of Spine gourd fruit at maturity
and it is in agreement with Bawara et al.
(2010) who reported fruit colour variability at
maturity

Fruit colour yellowness (FC_Y)

Mean values of yellowness (measured as
b* value) of the fruits are given in Table 4.
According to the results in Table 2 it can be
concluded that the two factors (1-MCP and
LDPE wrapping) significantly decreased the
development of fruit yellow color. Yellow
color development was lowest in wrapping
(TS5, T6, T7 and T8) compared to without
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wrapping treatments (T1, T2, T3 and T4)
Moreover lowest yellow colour development
was observed at 1-MCP 0.5 and 1.0 pL
L' and those treatments were significantly

Table 4.

different from the rest. Present findings are in
agreement with Li et al. (2020) that reported
good effect of 1-MCP on mango peel colour.

Mean color values of spine gourd at five days after treatments

Fruit brightness Greenness Yellowness
Treatment
Mean of L* Means of a* Mean of b*
T1 49.64 -11.35 39.62
T2 45.58 -13.42 31.65
T3 42.87 -6.57 41.95
T4 52.87 -7.71 44.29
T5 48.49 -12.21 38.06
T6 43.26 -12,27 32.17
T7 4432 -13.47 32.04
T8 41.61 -1.72 34.43

Total Soluble Solids (TSS)

The mean values of total soluble solid
contents were given in Table 5. For TSS
too, the interaction between 1-MCP and
LDPE wrapping was significant at 0.05
level. However, wrapping significantly
affected on TSS and greater TSS was
observed in T1 (without 1-MCP and LDPE
wrapping) compared to TS5 (without 1-MCP
with wrapping). This is in agreement with
Pongener ef al. (2011) that reported slow TSS
development in polyethylene wrapped peach
fruits. The delayed increase in TSS content
in spine gourd fruits might be due to retarded
ripening and senescence processes which
reduced the conversion of starch into sugars.

In contrast to wrapping, 1-MCP did not result

in any significant effect on TSS.

Titratable Acidity (TA)

Mean values of titratable acidity were given in
Table 5. In this case results of the treatments
were not significantly different (Table 2).
Moreover, no significant difference was
found between 1-MCP, between wrapping
and no wrapping and interaction. There was
no significant effect of 1-MCP or wrapping on
titratable acidity of spine gourd. It may be due
to 1-MCP and wrapping being ineffective to
change the citric acid level in the fruit.
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Table 5.

Titratable acidity of spine gourd at five days after treatments

Total soluble solid

Titratable acidity

Treatment
Mean (%) Mean (%)
T1 8.97 1.50
T2 5.53 0.92
T3 6.68 1.15
T4 6.70 1.14
TS 4.40 0.91
T6 6.52 0.90
T7 5.50 1.21
T8 5.83 1.50
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