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Abstract

Jackfruit has great scope as minimally processed (fresh cut) fruit because of its size and difficulty in
peeling the skin. Jackfruit flakes in fresh cut form along with suitable postharvest technology can be
convenient for consumers. In this context, the experiment was carried out to study the effect of
postharvest dipping on quality and shelf life of minimally processed jackfruit (Artocarpus heterophyllus
Lam.) var. Palur 1 during storage at postharvest laboratory, Horticultural College and Research Institute,
Periyakulam, Theni, Tamil Nadu. Fresh cut jackfruit flakes were washed with cold chlorinated water
followed by dipping the fruits using ascorbic acid (0.5% and 1.0%), calcium chloride (0.5% and 1.0%)
and their combinations for five minutes. Then the fruits were packed in polyethylene terephthalate jar
with silicon membrane window on the lid and stored at refrigerated condition. Result indicated that the
jackfruit flakes treated using 1.0% of ascorbic acid with 1.0% of calcium chloride (Ts) recorded
minimum PLW (4.10%), TSS (24.10°Brix), color change (2.45) and maximum firmness (40.44 N),
compared to control. The maximum shelf life of about 16 days was found in Tsg followed by ascorbic acid
(0.5%) with calcium chloride (0.5%), ascorbic acid (0.5%) with calcium chloride (1.0%) and ascorbic
acid (1.0%) with calcium chloride (0.5%) recorded 15 days compared to control which had minimum
shelf life of about only eight days.
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Introduction
Jackfruit (Artocarpus heterophyllus Lam.) is also known as “Poor man’s food” and it is one of
the important under-utilized fruit crop belongs to the family Moraceae. It is indigenous to
Western Ghats of India (Jagadeesh et al., 2007 and Prakash et al., 2009) > 24, 1t is widely
grown in tropical and subtropical countries like Brazil, Malaysia, Indonesia, India and
Philippines. India is the second largest producer of jackfruit in the world with an area of about
1, 85,000 ha producing 17, 64,000 MT fruits (NHB, 2018-19) 211, In India, jackfruits are found
to be distributed in southern states like Tamil Nadu, Kerala, Karnataka, Goa, Coastal
Maharashtra and other states like, Bihar, Assam, Tripura, Uttar Pradesh and foothills of
Himalayas. Jackfruit type is sorosis (multiple fruit) and each fruit normally weighs about 10-
30kg (Haque et al., 2015) 231, The fruit has three parts, viz., Rind (spike) about 50-55% of fruit
weight, flakes which is golden yellow in color (30-32% of the fruit weight) and each flakes
having single seed (18% of the fruit weight) (Srivastava et al., 2017) 1. Lack of knowledge
during handling and storage of jackfruit leads to postharvest losses of about more than 30%
(Mondal et al., 2013 and Swami et al., 2014) 19371,
In the past few years, there has been a great demand for the minimally processed (fresh cut)
fruits and vegetables because of its convenience, quality and better nutritional retainment
(Yousuf et al., 2020) U, Jackfruit has great scope as minimally processed (fresh cut) fruit
because of its size and difficult to peel the skin (FAO, 2010) %, Normally, fresh cut fruits are
washed, sanitized, sliced, packaged and stored at refrigerated condition. Using preservatives
such as ascorbic acid, calcium chloride at low levels was found to reduce browning, maintain
firmness in addition to this; it also extends the shelf life of the fresh cut produce (Soliva
Fortuny et al., 2002 and Martinez Ferrer et al., 2002) [33. 18],
In the packaged fresh cut fruit produce, development of desired flavor is one of the main
criteria which impact the consumer preference (Robertson, 2009) 281, The main objectives of
modified atmospheric packaging are quality maintenance, shelf life extension, reduction of
postharvest loss etc., (Caleb et al., 2013) Bl. Use of chemical preservatives such as anti-
browning agents (citric acid, ascorbic acid etc.,) with different modified atmospheric
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packaging at low temperature storage condition not only
extends the shelf life but also reduce the microbial decay
without altering the sensory qualities of fresh cut produce
(Lee et al.,1995 and Cocci et al., 2006) 7 9. In the view of
above, the present study was carried out to investigate the
effect of minimal processing on physicochemical properties
of fresh cut jackfruit at refrigerated storage condition.

Materials and Methods

Matured jackfruit var. Palur 1 without any physical damages
was collected from the Central farm, Department of Fruit
Science, Horticultural College and Research Institute,
Periyakulam, Theni, Tamil Nadu. Jackfruits were surface
sterilized using 100 ppm of chlorinated water for five
minutes, then the fruits are cut opened manually and the
flakes were separated from the rind. Flakes were washed
using 30 ppm of cold chlorinated for five minutes. Then the
flakes were divided into nine groups for postharvest
treatments. Treatments were divided into T; (0.5% of ascorbic
acid), T2 (1.0% of ascorbic acid), Ts (0.5% of calcium
chloride), T4 (1.0% of calcium chloride), Ts (0.5% of ascorbic
acid with 0.5% of calcium chloride), Ts (0.5% of ascorbic
acid with 1.0% of calcium chloride), T+ (1.0% of ascorbic
acid with 0.5% of calcium chloride), Ts (1.0% of ascorbic
acid with 1.0% of calcium chloride) and Tg (control). Then
the fruits were dipped for five minutes. In each treatment
sodium benzoate was added as a common preservative
(0.045%). Dipped fruits were dried, packed in polyethylene
terephthalate jar (500ml) with silicone membrane window on
the lid and packed fruits were stored at refrigerated condition.
Physicochemical parameters were taken once in three days.
The experiment was carried out in completely randomized
design with three replications and the observations on quality
parameters were taken once in three days.

Physiological loss in weight (%6)

Physiological loss in weight (PLW) was calculated by using
the formula given by Abound, 1974 and it was expressed in
per cent (%).

Initial weight — Fimal weight
Physiclegical loss in weight (32) = X100
Initial weight

Total soluble solids (°Brix)

Total soluble solids (TSS) were measured by using digital
handheld pocket refractometer (Model: PAL-3). It was
expressed as °Brix.

Color

Changes in color during storage of jackfruit bulbs were
observed using portable digital colorimeter. Results were
obtained as L* (lightness (51-100) and darkness (0-50), a*
(a*¢ indicates red whereas a“® indicates green), b*(b*e
indicates yellow and b™¢ indicates blue). Using these values,
total color change (AE) was calculated using the formula
(Rana et al., 2018 and Johari et al., 2020) [27. 161,

SE=\ LoL)+ (a2 )+ (boby

Where
L1, a1, bs- initial value of the sample
L, a,, b, - final value of the sample
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Firmness (N)

The firmness of jackfruit flakes were measured by using Fruit
Hardness Tester (Model: FR-5120) having a plunger
(diameter -11mm). The fruit firmness was expressed as
Newton.

Shelf life (Days)

Shelf life of minimally processed jackfruit was assessed by
number of days the flakes in edible condition without any
browning. Freshness assessment was based on visual
appearance of the fruit i.e., by color, level of pathogenic
decay, juiciness etc. (Nanda et al., 2001).

Statistical Analysis

The experiment was carried out in completely randomized
design (CRD) with nine treatments and three replications. The
results obtained were subjected to analysis of variance
(ANOVA) at P< 0.05 level of significance using AGRES
software (Panse and Sukhatme, 1967) %31,

Result and Discussion

Physiological loss in weight (%6)

Physiological loss in weight is an indicator of freshness. It
normally increases during storage of fresh cut fruits (Antunes
et al., 2010) . Minimal processing operations generally
increases the wound induced ethylene, water activity and
surface area per unit volume which also increases the water
loss of produce (Sandhya, 2010) B9, Weight loss of jackfruit
packed in PET jar was shown in (Table 1). Dipping the flakes
using ascorbic acid and calcium chloride significantly
influenced the water loss upto 15 days during refrigerated
storage condition. Minimum PLW (4.10%) was observed in
samples treated using 1.0% ascorbic acid and 1.0% calcium
chloride (Ts) followed by 0.5% ascorbic acid and 1.0%
calcium chloride (Ts) having 4.37 per cent whereas maximum
PLW was found in control (11.05%) at 15™ day of storage.
Minimum reduction in weight loss in calcium treated fruits
might be due to its role in strenghthening of cell wall. It was
also found to preserve the structural and functional integrity
of membrane systems (Thakur et al., 2019) 8. Waghmare
and Annapure, (2013) [ stated that water loss was higher in
non treated fresh cut papaya at 15" day of storage whereas no
loss was found in treated (CaCl, at 1.0% and Citric acid at
2.0%) samples throughout the storage. Hussein et al. (2015)
141 also reported that higher weight loss was observed in
minimally processed pomegranate arils in perforated
packages. Similar findings were reported in strawberry
(Nielsen and Leufven, 2008) 22 and litchi (Somboonkaew
and Terry, 2010) 134,

Total soluble solids (°B)

Total soluble solids increased throughout the storage period.
TSS was significantly influenced by the ascorbic acid and
calcium chloride treated flakes. Total soluble solids of
jackfruit were increased from 19.5°B to 28.10°B (Figure 1).
Minimum TSS (24.10°B) was recorded in Tg (1.0% ascorbic
acid and 1.0% calcium chloride) followed by Te (0.5%
ascorbic acid and 1.0% calcium chloride) having 24.45°B
whereas, maximum TSS was noted in control (28.10°B). This
increase in TSS content is due to solubilization of
carbohydrates and it is an indicator of ripeness (Waghmare
and Annapure, 2013) %, Somogyi et al. (1996) [ stated that
the increase in brix acid ratio of the fresh cut jackfruit bulbs
may be due to degradation of starch into simple sugars during
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storage, which might be the reason for increased TSS and
decreased acidity i.e., observed during sensory evaluation.
Similar findings were reported by Saxena et al. (2008) B4 in
jackfruit and Bico et al. (2009) [ in fresh cut banana.

Color

One of the major factors in consumer preference is the golden
yellow color of jackfruit bulbs (Saxena et al., 2008) B, In the
present study, change in color value increased throughout the
storage period which was shown in (Figure 2). Minimum
(AE= 2.45) color change was observed in Tg (1.0% ascorbic
acid and 1.0% calcium chloride) followed by 3.73 in T (0.5%
ascorbic acid and 1.0% calcium chloride) whereas, maximum
(AE= 12.98) color change was observed in control during 15%
day of storage under refrigerated condition. Vacuum packed
fresh cut jackfruit bulbs had minimum change in color,
moderate change in normal and MA packaged samples
compared to control which has the maximum color change
during tenth day of storage (Rana et al., 2018) ?/1. Varela et
al. (2007) B9 stated that the ascorbic acid and calcium
chloride treated minimally processed apples were found to
maintain the lightness and chroma value during storage which
is due to its radical scavenging activity and anti browning
property. Chaibrando and Giacalone (2012) ® also reported
that the ascorbic acid, calcium chloride and citric acid were
found to inhibit color change in apple cubes during cold
storage for 5-10 days. Fresh cut pears treated with calcium
chloride, calcium lactate and calcium propionate had
maximum color retention than the control (Gomes et al.,
2010) (24,

Firmness (N)

Softening is one of the major factors affecting quality of fruits
during storage. It is normally due to starch hydrolysis to sugar
and by the degaradation of cell wall which is involved in fruit
ripening (Guerreiro et al., 2015) 2. Decrease in firmness is
directly proportional to moisture loss which results in
decreased turgor pressure and crispness of the fresh cut
produce (Beaulieu and Gorny, 2002) Bl During this study,
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firmness was significantly influenced by the dipping
treatment and it was decreased from 44.50N to 35.86N (Table
1). At 15" day of storage, maximum firmness (40.44 N) was
retained in Tg (1.0% of ascorbic acid with 1.0% of calcium
chloride) followed by Ts (1.0% of ascorbic acid with 1.0% of
calcium chloride) having 39.76 N whereas, minimum
firmness was recorded in control (35.86 N). Saxena et al.
(2008) [3U stated that the firmness was maximum retained in
pre-treated (CaCly, ascorbic acid, citric acid and sodium
benzoate)  jackfruit  bulbs compared to control.
Chantanwarangoon and Kader (2000) ! also reported that
CaCl; at 1.0% maintained minimum softening in fresh cut
mango fruits. Ascorbic acid, calcium chloride and citric acid
were retained maximum firmness in fresh cut apples during
cold storage (Chiabrando and Giacalone, 2012) [, Addition
of calcium chloride may be found to preserve the firmness by
inhibiting the synthesis of enzymes which is responsible for
cell wall degradation and by the formation of calcium pectate
which results in the inhibition of pectin solubilization (Rosen
and Khader, 1989; Soliva-Fortuny et al., 2007) 2% 32,

Shelf life (Days)

Increase in shelf life was due to better cell wall integrity
because of calcium infusion had thicken calcium pectate in
the cell wall. Shelf life of dipped jackfruit flakes packed in
PET jar and stored under refrigerated condition was shown in
Table 1. Maximum shelf life of 16 days after storage was
recorded in Ts [1.0% ascorbic acid and 1.0% calcium
chloride] followed by Ts [0.5% ascorbic acid and 0.5%
calcium chloride], Ts [0.5% ascorbic acid and 1.0% calcium
chloride] and T7 [1.0% ascorbic acid and 0.5% calcium
chloride] having 15 days whereas control samples had only
eight days. Prathiba et al. (2019a) ! reported that the
jackfruit bulbs treated with 1.0% of CaCl, and 0.25% of
ascorbic acid, packed in vacuum packaging had recorded the
maximum shelf life of about 33 days followed by bulbs
packed in stand on pouch (32.67 days). Similar findings were
reported by Saxena et al. (2008) U and Prathiba et al.
(2019b) 81 in jackfruit.
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Fig 1: Effect of postharvest treatment on total soluble solids (°B) of minimally processed jackfruit flakes during storage
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Fig 2: Effect of postharvest treatment on total color change (AE) of minimally processed jackfruit flakes during storage

Table 1: Effect of postharvest treatment on Physiological loss in weight (%), Firmness (N) and Shelf life of minimally processed flakes during

storage
Treatment Physiological loss in weight (%) Firmness (N) Shelf life (Days)
3Days | 6Days | 9Days | 12Days | 15Days | 3Days | 6 Days | 9 Days | 12 Days | 15 Days Mean
T1 1.24 2.43 3.71 5.30 7.28 42.93 41.94 40.88 39.77 37.98 10.00
T2 1.07 2.17 3.24 4.73 6.23 43.37 4241 41.37 40.44 38.58 12.00
T3 1.16 2.29 3.44 5.05 6.70 43.17 42.17 41.11 40.03 38.33 11.00
T4 0.99 1.83 3.03 4.46 5.84 43.49 42.72 41.68 40.72 38.97 13.00
Ts 0.91 1.76 2.71 3.87 4.96 43.67 43.14 42.36 41.26 39.24 15.00
Ts 0.74 1.47 2.19 3.24 4.37 44.05 43.86 42.95 41.82 39.76 15.00
T7 0.82 1.60 2.40 3.65 4.69 43.85 43.48 42.72 41.59 39.56 15.00
Ts 0.65 1.29 1.94 2.99 4.10 44.23 44.01 43.15 42.20 40.44 16.00
To 1.52 3.17 5.71 8.25 11.05 42.07 40.59 38.99 37.15 35.86 8.00
SE (d) 0.0180 | 0.0383 | 0.0755 | 0.0549 | 0.0629 | 0.5606 | 0.5466 | 0.5732 | 0.4777 | 0.6022 0.9428
CD (0.05) | 0.0378** | 0.0805** | 0.1586** | 0.1153** | 0.1321** | 1.1778** | 1.1484** | 1.2043** | 1.0035** | 1.2652** 1.9808**

*- significant at (p< 0.05); **-significant at (p< 0.01)

Conclusion

The synergistic effect of postharvest dipping and refrigerated
storage condition significantly influenced the physiological

loss in weight, firmness, total soluble sugars and shelf life. 6.
Compared to all the treatments, jackfruit bulbs treated with
ascorbic acid (1.0%) and calcium chloride (1.0%) recorded
minimum PLW (4.10%), TSS (24.10°Brix), color change
(AE=2.45) and maximum firmness (40.44 N). Maximum shelf

life was also observed in 1.0% ascorbic acid and 1.0% 7.
calcium chloride (Ts) treated flakes compared to control
which had minimum shelf life of about eight days.
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