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Rambutan fruits are sensitive to water loss after harvest, because of the high density of stomata
in the spinterns. Carboxymethyl cellulose (CMC) is one of polysaccharide edible coatings
which can be extracted from plants. This research was to study the effects of commercial CMC
and water hyacinth (Eichhornia crassipes) extracted CMC on postharvest quality of rambutan
fruit cv. Rongrien. The experiment was performed under completely randomized design (CRD)
with 3 treatments comprising of 0.5 % CMCm, 0.5 % CMC,,, and non-coated treatment. Each
treatment was replicated 4 times, with 8 fruits per replicate. Treated fruits were placed in the
plastic baskets and stored under ambient temperature for three days. The results showed that,
fruits coated with 0.5% CMC., and CMC,,, were not significantly different in weight loss and
fruit firmness, but non-coated fruits tend to have higher weight loss and fruit firmness than
coated fruits during storage. All treatments showed a decline in L*, a*, and b* values of the
fruit pericarp which was negatively correlated with pericarp browning. On day 2 of storage,
significant differences of browning were observed, the highest score (3) was found in non-
coated fruits while the score of coated fruits was 1.5. The total soluble solids slightly decreased
in all treatments to about 20 % at the end of storage, while the titratable acidity increased from
0.4 t0 0.6 %. The sensory evaluation (score) of the fruits coated with 0.5% CMC_,, and CMCyy,
and non-coated were 2.8, 2.5, and 1.5, respectively. Higher vitamin C content was found in
coated fruits at the concentration of 4.5 mg/100g fresh weight. We conclude that, fruits coated
with CMC could not effectively reduce weight loss, but could maintain eating quality and
vitamin C content during storage.

Keywords: browning, edible coating, firmness, sensory, rambutan

Introduction

Rambutans (Nephellium lappaceum) is a non-climacteric fruit and one
of the most popular tropical fruits in the Spindaceae family (O’Hare, 1995).
The Rongrien rambutan is one of the best known and cultivated cultivar in
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Thailand with exotic flavour and sweet pulp. Currently, Thailand is the world’s
largest producer and exporter of Rongrien rambutan. However, pericarp
browning is a major problem that leads to decrease in attractive appearance and
shorten postharvest shelf life of rambutan (Peter and Suzanne, 2000).

Edible coatings are alternatives for extending the postharvest life of
fresh fruits and vegetables. They form a semi-permeable barrier to gases and
water vapor and thereby reduce respiration and weight loss (Adetunji et al.,
2013). In addition, edible coatings can potentially carry other natural active
ingredients such as anti-browning agents, flavours, and nutrients (Dhall, 2013).
The edible coating can be divided into 3 groups including lipid, protein, and
polysaccharide (Bourtoom, 2008).

Polysaccharide-based coatings include starch, alginates, carrageenan,
and cellulose derivatives. Carboxymethyl cellulose (CMC) is a derivative of
cellulose and prepared by a reaction of cellulose with sodium hydroxide and
chloroacetic acids (Biswal and Singh, 2004). Characteristics of CMC are
generally odorless and tasteless, flexible, transparent, and non-toxic (Dhall,
2013). Nowadays, CMC is widely used in food and pharmaceutical industries.
In addition, CMC can be produced from agricultural waste such as papaya peel
(Rachtanapun et al., 2007), Mimosa pigra (Rachtanapun and Rattanapanone,
2011), durian rind (Rachtanapun et al., 2011), and pomelo peel. Water hyacinth
(Eichhornia crassipes) is a plant that is considered as a weed with negative
impact to ecosystems. Using water hyacinth as a new source of raw material for
synthesis of CMC is another way to make use of this invasive plant species
since it has high cellulose content. Many research have applied CMC for
prolong shelf-life of fresh products such as avocado (Maftoonazad and
Ramaswamy, 2005), peach and pear (Togrul and Arslan, 2004), mango
(Rachtanapun et al., 2008), and cucumber (Adetunji et al., 2013).

This research aimed to study the effects of commercial CMC and CMC
extracted from water hyacinth on postharvest quality of rambutan fruit cv.
Rongrien under ambient temperature.

Materials and methods
Materials

Water hyacinth plants were obtained from canal in Thanyaburi Klong 6,
Phathum Thani, Thailand. Chemicals used for synthesis of CMC from water

hyacinth were Sodium hydroxide (AR grade), 90 % acetic acid, isopropanol,
chloroacetic acid, absolute methanol, and 70 % ethanol.
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Preparation of carboxymethyl cellulose from water hyacinth

The water hyacinth plants were washed, dried, and ground. The dried
powder was then extracted with 1 % (w/v) sodium hydroxide (NaOH) solution
at the ratio of cellulose to solvent being 1: 30 (w/v) at 90 'C for 3 h. The
mixture was filtered, washed with water until neutral and dried at 80 'C. The
dried cellulose was passed through 100 mesh sieves and kept in the
polyethylene bags.

Fifteen grams of prepared cellulose was mixed with 450 ml of
isopropanol, and 50 ml of 30 % NaOH solution in a beaker for 30 min. Then,
18 g of chloroacetic acid was added into the mixture and stirred for 1.5 h. The
mixture was covered with aluminium foil and placed in an oven at 55 ‘C for 3.5
h. The obtained solid was neutralized with 90 % acetic acid, filtered, washed 5
times with ethanol and 1 time with methanol. The final product CMC,; was
obtained after drying at ambient temperature.

Rambutan fruit

Fruits of rambutan cv. Rongrien at commercial maturity (75 % red, and
25% reddish orange) were transported from Talaad Thai wholesale market
(Pathum Thani, Thailand) to the laboratory within 1 h. Fruits were selected for
uniformity of size, color, and free of diseases. Selected fruits were dipped in
cool water (10 'C) and 500 ppm of chlorine followed by air drying at ambient
temperature for 10 min.

CMC coating

The fruits were randomly divided into three groups. Each group consisted
of 4 replicates of 8 fruits per replicate. The fruits were dipped for 5 min in
solution of 0.5 % (w/v) of commercial carboxymethyl cellulose (CMC¢om), and
0.5 % (w/v) of CMCy;, and non-coated as the control treatment. Treated fruits
were placed in plastic baskets and stored under ambient temperature (25 “C)
and relative humidity of 85 %. The fruits of each group were evaluated every
day.

Quality measurements
Weight loss was determined and expressed as the percentage of the initial

weight. Color of the peel was measured by a chromameter CR400 (Minolta,
Osaka Japan) and shown as L* value represented the lightness, a* value
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represented the redness (+) or greenness (-) and b* value represented the
yellowness (+) or blueness (-). Pericarp browning was evaluated using the
following scale: 0, no browning: 1, up to 25 % browning: 2, 50 % browning: 3,
75 % browning and 4, 100 % browning (score greater than 3 is unacceptable).
The fruit firmness was measured by Lloyd food texture analyzer (Model TA
500) using a 0.6 mm of probe diameter at speed 100 mm/min, depression limit
1 cm, and trigger 1 N. The data were expressed as Newton (N). The total
soluble solids (TSS) content and the titratable acidity (TA) from rambutan juice
was determined by pocket brix-acidity meter (ATAGO®) reported as % Brix
and % TA, respectively. Vitamin C content was analyzed by titration with 2, 6-
dichlorophenol indophenol (AOAC, 1990). And sensory evaluation of
sweetness and acidity of each fruit was graded using a score of 0 = abnormal, 1
= poor, 2 = average, 3 = good, and 4 = excellent.

Results

Weight loss of rambutan fruit increased during storage and the percentage
of weight loss after 3 days storage under ambient temperature in fruits coated
with CMC¢om, CMCyn, and non-coated was 19.0 %, 19.1%, and 19.4 %,
respectively, but there was no significant difference among the three studied
groups (Table 1).

All treatments showed a decline in lightness (L*), redness (a*), and
yellowness (b*) as the fruit developed more pericarp browning during storage.
(Table 1 and Figure 2). Our results show that both CMC coatings could delayed
pericarp browning (Table 1 and Figure 2).

Non-coated fruits showed an increase in firmness during storage while
firmness of coated fruits declined on day 1 and slightly increase afterward. The
non-coated fruits had the highest firmness value of 38.0 N on day 3. Fruit
firmness of fruits coated with CMC¢,m and CMCyy, was 31.7 N and 35.0 N, but
they were not significantly different. (Figure 1a).

During a 3-day storage period, total soluble solids of non-coated fruits
and fruits coated with CMC¢m and CMC,,;, decreased from 21.8 to 20.2, 21.3
and 20.8 %Brix, respectively (Table 2). At the beginning of the experiment,
titratable acidity was 0.4 % and remained relatively unchanged in the first 2
days. The titratable acidity slightly increased on day 3 to a value of 0.6 %
(Table 2). Eating quality as shown by TSS/TA ratio decreased during storage.
At the end, the fruits coated with CMC,,, had the highest eating quality of 36.2,
while the TSS/TA ratio was 34.4 in CMC,n coated fruits and 32.9 in non-
coated fruits (Figure 1b). The sensory evaluation of the non-coated fruits
decreased from 4.0 to 1.5 on day 3 and coated fruits showed higher score of 2.8
and 2.5 in fruits coated with CMC¢,m and CMCyy, respectively (Table 2).

1452



International Journal of Agricultural Technology 13(7.1): 1449-1457

Vitamin C content of non-coated fruits declined from 4.1 mg/100gFW
to 3.1 mg/100gFW while vitamin C levels in fruits coated with CMCm and
CMCy slightly increased to 4.4 mg/100gFW and 4.5 mg/100gFW, respectively

(Figure 1c).

Table 1. Effect of CMC edible coating on weight loss, color change, (L*, a*,
and b*), and pericarp browning of Rongrien rambutan stored under ambient
temperature for 3 days.

Parameters Treatments gtorage time (1Days) 5 3
Control - 7.841.1° 13.440.4° 19.440.9°
Weight loss (%) 0.5% CMC¢om - 6.741.6° 13.640.9° 19.0+1.4°
05%CMCy, - 7.740.7° 13.440.7° 19.140.5°
Control 30.6+1.4% 29.542.3% 28.3+1.6° 26.0+1.6°
L* value 0.5% CMCg, 30.61.4% 30.7#.1% 28.542.1° 26.442.1°
05%CMCy,, 30.6+.4% 27.74.3% 26.942.0° 27.02.0°
Control 28.6146.5% 28.082.7% 29.6+2.0° 27.043.1°
Color a* value 0.5% CMC¢om 28.646.5% 24.246.2% 29.642.3 24.446.2°
05%CMC,, 28.646.5" 29.842.0% 28.743.8° 27.143.9°
Control 23.442.1% 17542 .9 16.740.4° 13.440.9°
b* value 0.5% CMCeom 23.442.1% 17.5+41.1° 16.7+H.7° 15.0+2.1°
05%CMCy, 2344217 19.94.7° 16.4+2.5° 15.140.8°
Pericarp Browning Control 0.040.0 1.540.6° 3.0#.5° 3.840.6°
(score) 0.5% CMC¢n 0.040.0 1.3+.5° 1.540.6" 3.040.8°
05%CMC,, 0.0#0.0 1.3+.5° 1.540.6° 2.840.5°

Mean with the same letter in the same column for each quality parameters are not significantly
different at p<0.05.

Table 2. Effect of CMC edible coating on total soluble solids (TSS), titratable
acidity (TA), sensory of Rongrien rambutan stored under ambient temperature

for 3 days.
Quality Treatments Storage time (Days)
parameters 0 1 2 3
Control 21.840.1° 20.240.2% 18.540.1° 20.240.1°
TSS (%Brix) 05%CMCqn  21.840.1° 19.940.1° 20.440.0° 21.340.1°
05%CMC,,  218#.1°  20.5#0.3° 19.240.2° 20.840.1°
Control 0.420.1° 0.540.1% 0.540.1% 0.620.1%
TA (%) 0.5 % CMC¢om 0.420.1° 0.420.1° 0.540.1% 0.620.1%
0.5 % CMCy 0.440.1° 0.540.1° 0.540.1° 0.640.1°
Sensory Control 4.040.0 3.040.8% 15472 1.540.6°
evaluation 05%CMCyn  4.040.0 2.841.0° 2.34#.3° 2.84.0°
(score) 0.5 % CMCy 4.010.0 3.3#.0° 2.540.6° 2.54.3°

Mean with the same letter in the same column for each quality parameters are not significantly
different at p<0.05.
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Figure 1. Effect of CMC edible coating on fruit firmness (a), TSS/TA ratio (b),
and vitamin C content (c) of Rongrien rambutan stored under ambient
temperature for 3 days.
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Figure 2. The appearance of Rongrien rambutan before and after storage under
ambient temperature for 3 days.

Discussion

Rambutan fruits stored under ambient temperature for 3 days showed a
decrease in vitamin C content, while fruit coated with CMC¢mn and CMCy,, had
significantly higher vitamin C concentrations. Similar results have been
reported in the previous study in strawberries in which a decline in vitamin C
was delayed in cellulose coated strawberries. The edible coating helped
regulating gas permeability resulting in lower oxygen, which in turn decreased
an oxidation of vitamin C (Fakhouri et al., 2014). During storage in TSS was
observed possibly due to the respiration of the fruits. In addition, a dramatic
decrease of organic acids was normally observed in climacteric fruits due to the
consumption in the process of respiration and conversion to sugar at ripening
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stage, while organic acids remain relatively constant in non-climacteric fruits
(Siriphanich, 1998).

In this study, water loss, fruit firmness, and peel color were not
significantly different among treatments. CMC could not prevent water loss
effectively because CMC is a hydrophilic compound (water-soluble) with
moderate moisture transmission (Bourtoom, 2008). Generally, fruit firmness is
affected by water content or turgor and cell wall components (Sam, 1999).
Moreover, water loss was positively correlated with pericarp browning after
harvest as desiccation causes cell membrane breakdown and oxidation of
phenolic compounds (Landrigan et al., 1996). Continuous water loss causes
shrivelling that affect fruit firmness and browning leading to changes in L*, a*,
and b* values.

Conclusion

The CMC edible coating from commercial and water hyacinth could not
maintain most of fruit qualities; however, the CMC coatings helped increase
vitamin C levels and eating quality during storage. Future study is needed to
optimize the formulation of CMC for better results in extending the shelf life
and maintaining fruit qualities.
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