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Abstract. Jackfruit (Artocarpus heterophyllus Lam) is in high demand by
Asians. It is large and difficult to peel, therefore, consumers prefer to buy jack-
fruit as a ready to eat product. Jackfruit is highly perishable. It ripens faster during
the shelf life, and soon become unfit for eating. Development of colour, texture,
and volatile compounds which contribute to flavour and aroma takes place during
the ripening process. At present, edible coatings are becoming populer among
consumers to preserve the parameters quality of foods. The aim of this study was
to investigate the effect of application of nata de coco-based edible coatings on
retention of fresh-cut jackfruit quality during a shelf life under refrigerated con-
ditions (10 ° C). The nata de coco-based coating was developed by dissolving
nata de coco and glycerol in distilled water. CaCl, was used as a cross-linking
agent. The fresh-cup jackfruit quality could be preserved under refrigerated tem-
prature for 3 days by applied nata de coco coatings made from 3 weeks nata.
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1 INTRODUCTION

Deterioration of fresh-cut produce occurs gradually during storage and its cumulative
effect renders unacceptable to consumers. Fresh-cut processing induces chemical and
biochemical changes besides increasing product respiration rate leading to a reduction
of storage time [1]. Fresh fruit and vegetable moisture loss after harvest represents a
serious problem causing shrinkage and weight decrease of the products, and this phe-
nomenon is more prominent in processed and ready-to-eat samples.

Jackfruit is classified into climacteric fruit with CO; production rate at 5°C is 10 —
20 mg.kg'.hl. Jackfruits stored at temperature below 12°C before transfer to higher
temperature exhibit chilling injury symptoms including dark-brown discoloration of the
skin, pulp browning, and deterioration in flavor and increase susceptibility to decay [2].

Edible coatings are an eco-friendly technique, which slows deterioration of fruits
and vegetables by controlling gas exchange, moisture transfer, and oxidation. Major
advantage of these coatings is to improve nutritional and sensory quality of food by
incorporating active ingredients into the polymer matrix that are consumed with food
products [3].
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Carboxymethyl cellulose (CMC) has been widely used in edible coatings for fresh
fruits and vegetables [4], [5]. A cellulose derivative using the bacterial cellulose nata
de coco has also been synthesized [6], [7]. The derivative is herein referred to as car-
boxymethyl nata (CMN). The CMN coatings reduced the rate of ripening of bell pepper
fruits [7]. An edible natural biodegradable coating could be used to replace commercial
synthetic waxes as coatings for citrus fruits [8][9]. The CMC coating had the least
weight loss and adequate gloss and a CMC/chitosan bilayer coating improved fruit
quality [9]. A CMC coating containing a crude extract of Moringa oleifera applied on
oranges and stored at ambient temperature was effective in extending the shelf life of
the fruits [10].

The objective of the study was to investigate the effect of nata de coco-based coating
formulation on the quality of fresh-cut jackfruit at 10°C of temperature storage.

2 MATERIALS AND METHODS

2.1 Materials

Nata de coco at different time of incubation were purchased from a small scale industry
of nata de coco at Mataram, jackfruit at ripe stage was collected in Gunungsari village
of west Lombok regency. Other materials were used such as CMC, distilled water,
NaOH, HCI, citric acid, cling wraps, PVC bag. Lab utensils and equipments included
refrigerator, pH meter, refractometer, digital balance, hotplate, magnetic stirrer, ther-
mometer, fruit penetrometer and glassware.

2.2 Preparations of Nata de coco Pulp

Nata de coco was heated with 1% NaOH for 60 minutes. This suspension then washed
with water and followed by boiling for the second time in water. The nata de coco
soaked in water for one night. Pulping was done by smoothing nata de coco using a
blender and used for the manufacture of edible coating.

2.3 Nata de coco as coating for fresh-cut jackfruit

Peeled jackfruit were sorted based on size, color and absence of external injury. The
selected fruits were randomly divided into two groups, and each group was divided into
different sets. In the first group, each set consisted of 3 fruits each serving as a replicate.
A treatment was assigned a set of fruits. This group of fruits was used in monitoring
weight loss and appearance. The second group, consisting of 2 fruits per set, was used
for chemical destructive analyses.

The coating formulations prepared contained 97% ,97,5%,98% and 98,5% of nata
filtrate from different incubation time (nata de coco harvested at 7, 14 and 21 days)
mixed with some additives. The nata filtrate was dissolved in 20 ml of 10% NaOH and
diluted with water to 100 ml together with the additives so that the final concentration
of NaOH was 2% and the pH of the mixture was 6.2- 6.5. The additives consisted of an
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acidulant, an emulsifier, a plasticizer and a firming agent. The coating formulations
were applied evenly on the fruit surface by immersing. The fruit samples were arranged
in one layer in open plastic baskets and wrapped with cling plastic, then stored for 9
days at 10 OC. Changes in the physical and chemical characteristics of the fruits were
monitored at 3-day intervals.

2.4  Statistical analyses

The Kruskal-Wallis test for k-independent samples with the pairwise mean rank com-
parison test was used to evaluate the result of sensory atributes such as colour, texture
and aroma. The other parameters were analyzed using the analysis of variance f-test for
a randomized complete block design with pairwise comparison using Honestly Signif-
icant Difference (HSD) test to determine significant differences at 5% level of signifi-
cancy.

3 RESULTS AND DISCUSSION

Nata de coco has been used as a starting material for the preparation of carboxymethyl
cellulose (CMC). The CMC produced from this raw material has been referred to as
carboxymethyl-nata (CMN). CMC is considered the most important cellulose deriva-
tive for food applications. Many of the polysaccharide-based edible coatings for fruits
and vegetables make use of CMC [11]. Edible coatings have been developed to improve
food quality and shelf-life by providing a semi-permeable barrier to gases and water
vapor [12].

CMC with a degree solubility (DS) of 0.7 is the most common type utilized in food
systems [12]. A maximum DS of 0.95 carboxymethyl groups per monomeric unit of
food-grade CMC is allowed by the Code of Federal Regulations of the USA [12]. A
high DS is desirable because solubility and stability are increased and compatibility
with other ingredients is greater [7]. Harvesting time had a significant effect on cellu-
lose content of nata de coco. Therefore, the DS of CMN from different harvesting time
will contribute to effectiveness of the quality of edible coating.

The effectiveness of nata de coco-based coating for fresh-cut jackfruits which dif-
ferent time of harvesting on physico-chemical characteristics of the produce were
showed in Table 2, 3, 4, and their contribution to sensory attributes of fresh-cut jackfruit
at different time of storage at refrigerated temperature (100C) in Tabel 6.

Table 1. The result of variance analyses of nata de coco’s harvesting time (N) and storage time
of coated fresh-cut jackfruits (T) at refrigerated temperature on the parameter.

Parameter harvesting storage time of Interaction
time of nata de coated fresh-cut (NxT)
coco (N) jackfruit (T)

Weight loss (%) S S NS
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Firmness S S NS
(kg.mm™

Total soluble sol- S S S
ids (°Brix)

pH S S NS

Colour NS S NS

Texture NS S S

Aroma NS S S

Note: the characters of NS and S (denoted above), the analyses of variance was not
significant and significant (a = 5%), respectively.

There were interaction effect of harvesting time of nata de coco and time of storage
at refrigerated temperature on total solids, texture, and aroma of coated fresh-cut jack-
fruits. However, there were no interaction found on weight loss, firmness, pH, and the
preference of fresh-cut jackfruits colour (Tabel 1).

Table 2. Weight loss (%) of fresh-cut jackfruits coated with nata de coco from different time of
harvesting and length of storage at 10°C

Storage (days) Nata de coco harvesting time (weeks)
1 2 3
3 12.20a 10.47a 7.29b
6 13.89a 11.69a 8.35b
9 15.51a 12.82a 8.58b
HSD .05 3.46 3.46 3.46

Note: the values were expressed as the mean of three repetitions; the same characters
(denoted above), the difference between them was not significant (a = 5%).

Table 3. Firmness (kg.mm™) of fresh-cut jackfruits coated with nata de coco from different time
of harvesting and length of storage at 10°C

Storage (days) Nata de coco harvesting time (weeks)
1 2 3
3 3.07b 2.6¢ 2.01c
6 1.81a 1.98a 1.83a
9 1.03a 1.32a 0.79a
HSD 0.5 0.65 0.65 0.65

Note: the values were expressed as the mean of three repetitions; the same characters
(denoted above), the difference between them was not significant (a = 5%).

Table 4. Total soluble solids (° Brix) of fresh-cut jackfruits coated with nata de coco from dif-
ferent time of harvesting and length of storage at 10°C

Storage (days) Nata de coco harvesting time (weeks)
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1 2 3
3 3.55a 3.79a 5.50b
6 6.90bc 6.35b 7.55¢
9 7.60bc 7.70bc 8.15¢
HSD .05 0.88 0.88 0.88

Note: the values were expressed as the mean of three repetitions; the same characters
(denoted above), the difference between them was not significant (a = 5%).

Table 5. pH of fresh-cut jackfruits coated with nata de coco from different time of harvesting
and length of storage at 10°C

Storage (days) Nata de coco harvesting time (weeks)
1 2 3
3 6.1c 5.6¢ 5.9¢c
6 4.9b 4.5b 5.0b
9 3.5a 3.8a 3.4a
HSD .05 0.68 0.68 0.68

Note: the values were expressed as the mean of three repetitions; the same characters
(denoted above), the difference between them was not significant (o = 5%).

Table 6. Sensory score of colour of fresh-cut jackfruits coated with nata de coco from different
time of harvesting and length of storage at 10°C

Storage (days) Nata de coco harvesting time (weeks)
1 2 3
3 3.25a 4.08b 4.10b
6 2.85a 2.65a 2.65a
9 2.45a 2.45a 2.45a
HSD o.05 1.17 1.17 1.17

Note: the values were expressed as the mean of three repetitions; the same characters
(denoted above), the difference between them was not significant (o = 5%).

Table 7. Sensory score of texture of fresh-cut jackfruits coated with nata de coco from different
time of harvesting and length of storage at 10°C

Storage (days) Nata de coco harvesting time (weeks)
1 2 3
3 2.65b 3.10¢ 3.33b
6 2.55a 3.60bc 3.45b
9 1.95a 2.00a 2.85b

HSD .05 0.62 0.62 0.62
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Note: the values were expressed as the mean of three repetitions; the same characters
(denoted above), the difference between them was not significant (o = 5%).

Table 8. Sensory score of aroma of fresh-cut jackfruits coated with nata de coco from different
time of harvesting and length of storage at 10°C

Storage (days) Nata de coco harvesting time (weeks)
1 2 3
3 2.53a 3.15b 2.55b
6 2.75ab 2.40a 3.15b
9 2.30a 2.25a 2.65ab
HSD .05 0.67 0.67 0.67

Note: the values were expressed as the mean of three repetitions; the same characters
(denoted above), the difference between them was not significant (o = 5%).

3.1 Change in physical attributes of coated jackfruits

Weight loss. A major factor in fruit deterioration is water loss. Fruits and vegetables
continue to respire and lose water after harvest. Water loss greatly reduces fruit quality.
resulting in pronounced economic loss expressed as weight loss. The hollow nature of
the jackfruit limits its water reservoir capacity and therefore small amounts of water
loss consequently decrease freshness and firmness. thereby reducing fruit quality. shelf-
life and market value. Selective films are applied to fruits and vegetables to reduce
weight loss.

Generally, no significant differences in weight loss were observed among all of the
treatments (Table 2). These indicated that the nata coatings at different time of harvest-
ing did not retard weight loss. Similar results were reported for bell pepper by
Lerdthanangkul and Krochta [12]. Polysaccharide films are not effective in retarding
water loss because of their hydrophilic character. a consequence of the presence of nu-
merous hydroxyl groups in the polymer[14] . Such films provide only minimal water
barriers [15].

The relative humidity of the storage unit where the fruits were stored may have con-
tributed to water loss. The large surface-to-volume ratio of jackfruit makes these fruits
susceptible to water loss. Water migration in fruits is accelerated when the relative hu-
midity is low. consequently enhancing weight loss. A high relative humidity is pre-
ferred to prevent water diffusion. However. a high relative humidity at room tempera-
ture would favor microbial growth. It is therefore imperative that a fruit coating acts as
a gas and moisture barrier.

Firmness. Firmness is a major quality factor that greatly plays a role during the selec-
tion of a fruit by a consumer. Decrease of firmness in fruits occurs after harvest through
loss of moisture. starch breakdown and cell-wall degradation. Cell wall components are
held together by pectin that serves as a cementing substance. As fruit ripens. pectic
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substances breakdown through the action of enzymes. resulting in fruits that are less
succulent. less tender and more fibrous [16].

A decrease in firmness was observed in all fruit samples during storage (Table 3).
However. just like weight loss. no significant differences were observed among the
treatments of 6 days and 9 days storage at refrigerated temperature, but the nata-coated
fruits with 3 weeks of nata de coco harvesting time exhibited a slower rate of decrease
in firmness. The higher firmness values of the coated fruits may indicate that the nata
de coco coating had retarded ripening to a slight extent. This would parallel the obser-
vation that the nata-coated fruits exhibited delayed ripening based on color change (Ta-
ble 4). Similarly, data found in bell peppers coated with an edible coating based on
CMC and stearic acid that it showed less firmness deterioration in comparison with
control fruits [17]. The firmness of bell peppers coated with lipid-based coatings during
storage had no significant differences [18].

These researchers reported that pectin content decreased significantly in coated fruits
stored for 9 days at 10 0C with 80-85% relative humidity. It may be said that the slower
rate of decrease in firmness of the nata-coated fruits may be attributed to a decrease in
pectin content with storage. However, the loss of pectic substances may not appear to
be the main factor that accounts for the decrease in firmness but may also be attributed
to the cleavage of linkages of the cell wall components and hydrolysis.

3.2 Changes in some chemical characteristics of coated jackfruits during
storage

Total Soluble Solids. The Total soluble solids (TSS) estimates the sugar content of a
fruit. In this study. the TSS of the jack fruits increased up to the 9th day of storage
(Table 4). The TSS of fresh-cut jackfruit coated with nata de coco of 3 weeks had the
highest value compared to 1 and 2 weeks, but the TSS of jackfruits coated with 3 weeks
of nata de coco was not significant when stored for 6 and 9 days, although the TSS
increased during 9 days of storage. The increase in TSS during storage may be at-
tributed to the sugars that form during ripening. It has been reported that different kinds
of sugars are formed as jackfruit ripens. One such sugar is glucose. a precursor of vita-
min C. Hence. sugar formation in the coated fruits may not have occurred to the same
extent as that of the control and blank fruits. This could also mean that the rate of rip-
ening of the coated fruits was slower than that of the blank and control fruits. The in-
crease in TSS suggests that citric acid may have been utilized in the synthesis of sugars
[19]. The possible enzymatic degradation of polysaccharides may be another reason for
the TSS increase. Brix readings increased upon action of cell wall digesting enzymes
on citrus pulp due to the solubilization of reducing sugars [20]

pH. The pH of the juice extracts ranged from 3.4 -3 .8 after the 9-day storage period
(Table 5). A decrease in pH relative to the initial pH was observed in juices extracted
from 6 days fruits. The decrease in pH can be attributed to the high percentage of mois-
ture loss in these treatments as inferred from their weight loss (Table 2). When water is



126 I. W.S. Yasa et al.

lost. the concentration of the solvated hydrogen ions become more concentrated. thus
making the juice more acidic. Also. the possible existence of active synthetic pathways
producing soluble acids contributing hydrogen ions in fruits during storage would cause
a decrease in pH. The nata harvesting time for coated formulation had not significant
contribution to pH of jackfruits, but the storage time.

3.3  Sensory characteristic of coated jackfruit

The results indicated that no significant differences in sensory score were recorded
among coated samples of different nata de coco harvesting time at the same days of
storage. The sensory of coated jack fruit was significantlt affected by the length of stor-
age. The sensory attributes of texture and aroma was affected significantly by the length
of storage and nata harvesting time. Score of texture and aroma of coated jack fruit
drop dramatically after 3 days storage of storage.

Colour. The results showed that the nata coatings had the tendency to retard peel color
changes. This may further be implied from the observation that the formulation of nata
from 3 weeks harvesting time exhibited lower colour than that with 1 weeks (Tabel 6).
Color retardation may be attributed to the gas barrier property of polysaccharide coat-
ings such as CMC. Polysaccharide-based coatings have been reported to extend the
shelf-life of fruits and vegetables because of their reduced permeabilities to carbon di-
oxide. oxygen and ethylene [12]. CMC coatings in particular reduce oxygen uptake but
do not cause an equivalent increase in carbon dioxide concentration in the internal at-
mosphere of fruits. thus preventing anaerobic fermentation [12]. The appearance of the
yellow color in jackfruit is brought about by the degradation of chlorophyll induced by
ethylene.

Texture. Texture is a sensation of pressure that can be felt by mouth or using palpation
with the finger [15]. Table 7 showed that the most texture preferred was fresh-cut jack-
fruit coated with 2 weeks of nata harvesting time and stored for six days. The lowest
score of texture was found on fruit of 1 weeks nata harvesting time and 9 days of stor-
age. The preference of panelist drop when the fruits had juiceness characteristic and
firmness decreased. The firmness change due to the cleavage of linkages of the cell
wall components and hydrolysis [This characteristic indicated that the fruits pectin de-
crease in storage. made the fruits firmness decrease.

Aroma. According to the results given in Table 8, the aroma score of coated fresh-cut
jackfruit were laid between 2,25 — 3,15 of 5 scale. The highest score were found on
fruits coated with 2 weeks nata and 3 days of storage, however on 6 days of storage,
the fruits aroma of 3 weeks nata got the highest. The score of aroma decreased after 3
days of storage and drop significantly after 6 days of storage. It was indicated that the
aroma lost during storage due to nata-based coating was unable to be gas barrier. Ong,
al [21] reported that jackfruit contain volatile compound such as ethyl isovalerate, 3-
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methylbutyl acetate, 1-butanol, propyl isovalerate, isobutyl isovalerate, 2-methylbuta-
nol, and butyl isovalerate [21].

4 CONCLUSIONS

Utilization of nata de coco for fruits coating depended on the harvesting time of nata
cultivation. Interaction of harvesting time and the length of storage at refrigerated tem-
perature affected the quality of fresh-cut jackfruits coated with nata-based edible coat-
ing for 9 days storage at refrigerated temperature. Coating with 3 weeks nata and stored
at refrigerated temperature for 3 days preserved the quality of the fresh-cut jackfruits.
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