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Polysaccharide-Based Edible Coatings Improve Eggplant
Quality in Postharvest Storage

Leif Marvin R. Gonzales'™ and Marilou M. Benitez’

ABSTRACT

Eggplant fruits are highly perishable as they have a short shelf life after
harvesting. To prolong the shelf life of perishable goods, application of edible
coatings has been utilized. Edible coatings have been used in various agricultural
commodities to preserve their quality and prolong their postharvest life. This study
was conducted to evaluate the effects of different polysaccharide-based edible
coatings on the physico-chemical, biochemical, and physiological properties of
eggplant fruits. The experiment was laid out in a Completely Randomized Design
with nine (9) treatments and three (3) replications. Four (4) edible coatings were
evaluated at two different concentrations. Sodium alginate (AL), pectin (PE),
carboxymethyl cellulose (CMC), and cornstarch (CS) were tested at 1 and 2%
concentrations. On days 0O, 3, 6, 9, and 12, samples were taken for the
physicochemical, biochemical, and physiological analysis. The results of the study
showed that the application of polysaccharide-based edible coatings significantly
reduced weight loss and shriveling It also maintained firmness and VQR, prolonged
shelf life, enhanced pH, TSS, TA, preserved vitamin C content, maintained moisture
and dry matter content, and reduced respiration and microbial count of eggplant
without significantly affecting ethylene production. The different coatings (alginate,
pectin, carboxymethyl cellulose, and cornstarch) significantly maintained the
quality of eggplants for eight (8) days compared to the control. Among the different
coatings tested, alginate showed the best result in maintaining the quality of
eggplant fruit. It significantly reduced weight loss, shriveling, and microbial count,
and preserved vitamin C content. Therefore, edible coatings, especially alginate, are
effective in maintaining eggplant quality during postharvest storage.

Keywords: eggplant, polysaccharide, edible coating, starch, carboxymethyl
cellulose, pectin, sodium alginate

INTRODUCTION
Fruits and vegetables are important in the human diet because of their health

benefits to the body. But they are crops with a relatively short postharvest life
because they remain as living tissues up until the time they are consumed. They are
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also susceptible to physiological and biochemical changes, which can have
physical or pathological origins (Palou et al 2015), leading to important economic
losses (Olivas and Barbosa-Canovas 2009; Park 1999). Eggplant fruits are low in
calories and are made of minerals that are beneficial to human health. They are very
high in potassium. They are also a rich source of magnesium, calcium, and iron
(Lawande and Chavan 1998; Kowalski et al 2003). Eggplant is a moderate
respiration rate (RR) non-climacteric fruit (30 mL CO2 kg-1 h™ at 12.5°C, for fruit at
intermediate stages of development) (Cantwell and Suslow, 2013). The fruit has two
to three times higher RR and is therefore extremely perishable (Rodriguez et al 2001;
Zaroetal2014).

Postharvest treatments with conventional synthetic waxes and/or chemical
fungicides have been used for many years to reduce postharvest decay and prolong
fruit shelf life. However, the constant application of these treatments has resulted in
health and environmental concerns, and the production of resistant pathogenic
strains (Sapper and Chiralt 2018).

Thus, studies have looked into the use of edible coating, a thin layer of natural
substances that cover the food product surface, to inhibit undesirable changes in
flavor, texture, and appearance of the food product (Robertson 2006). Edible
coatings with semi-permeable film prolong the postharvest life of fruits by
decreasing moisture, respiration, gas exchange, and oxidative reaction rates
(Petriccione et al 2015). Most coatings are formulated as liquid solutions to be
applied on the surface of a crop for regulating moisture, solutes, and gaseous
exchange between the internal and external atmosphere (Oms-Oliu et al 2010;
Sanchez-Gonzélezetal 2011).

There are several benefits of using polysaccharide-based coatings. They are
low-cost, biodegradable, and water-soluble. Therefore, they do not require organic
solvents before or during application (Debeaufort et al 1998).1t has been shown that
the application of edible polysaccharide-based coatings enriched with
antimicrobials or antioxidants is effective in preserving the quality of the fruit during
storage (Guerreiro et al 2016; Zhang et al 2015). In addition, polysaccharide has
well-defined chemical structures that allow its coating characteristics to be
modified. Due to their ability to form rigid and stable gels, edible coatings based on
polysaccharides, such as alginate (AL) and pectin (PE), are mostly used (Campos et
al2011; Salmieri and Lacroix 2006).

Based on literature review, there are no studies on the effects of polysaccharide-
based edible coatings and their different concentrations on the physico-chemical
and physiological properties of eggplant fruits. Hence, this study was conducted to
determine and evaluate the effect of different polysaccharide-based edible
coatings on the physico-chemical and physiological properties of eggplant fruits
and determine the best edible coating formulation in preserving the quality and in
enhancingthe shelf life of eggplant fruits.

MATERIALS AND METHODS
Fruit Source

Eggplants were grown by a contract grower in Brgy. lgang, Baybay City, Leyte.
The eggplant fruits were harvested once they reached their commercial maturity
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stage and were immediately transported to the Postharvest Technology Laboratory
of the Visayas State University, Visca, Baybay City, Leyte where these were selected
for uniformity of size and freedom from defects for the experiments.

Chemicals

Food grade biopolymers, namely sodium alginate (AL), carboxymethyl
cellulose (CMC), pectin (PE), and cornstarch (CS), were used for coating
formulations. Calcium chloride was used to induce cross-linking reaction, ascorbic
acid was added as an anti-browning agent, and glycerol as a plasticizer.

Edible Coatings Preparation

The coating-forming solutions were prepared by dissolving food grade sodium
alginate, carboxymethyl cellulose, pectin, and starch powders into distilled water,
gently stirring at 70°C until the solution became clear (Rojas-Grali et al 2008). The
coating solutions were stored at 4°C until further use. Glycerol was added as a
plasticizer at a concentration of 1.5 mL/100 mL (Moreira et al 2015). Ascorbic acid
at 1 g/100 mL was added as an anti-browning agent (Robles-Sanchez et al 2009)
and CaCl2 at 1 g/100 mL was used as the final dip for cross-link (Robles-Sanchez et
al 2013; Guerreiro et al 2015). Selected eggplant fruits were randomly distributed
into nine (9) groups of 45 eggplant fruits each. One group was used as a control, in
which samples were untreated, and the other four were treated with each of the
coatings (AL, PE, CMC, and CS). Four edible coatings at two different
concentrations were evaluated. The treatments were: Control (fruit not coated or
dipped in any treatment); AL 1% (fruit coated with sodium alginate (10 g/L); AL 2%
(fruit coated with sodium alginate (20 g/L); PE 1% (fruit coated with pectin at 10
g/L); PE 2% (fruit coated with pectin at 20 g/L); CMC 1% (fruit coated with
carboxymethyl cellulose at 10 g/L); CMC 2% (fruit coated with carboxymethyl
cellulose at 20 g/L); CS 1% (fruit coated with cornstarch at 10 g/L) and CS 2% (fruit
coated with cornstarch at 20 g/L). Coating the fruits involved two steps (Guerero et
al., 2015): first, fruits were dipped into the edible coating solution + ascorbic acid +
plasticizer for 2 minutes, then the excess of coating material was allowed to drip off
for 30 seconds before the second dip in the calcium chloride solution for 1T minute.
The temperature of the edible coating solution was adjusted to 25°C (Kaur et al.,
2018). The amount of coating on the fruit was the difference between the initial
weight of the edible coating solution and the weight recorded at draining time. Then,
15 fruits were placed in polypropylene plastic trays (8cm x 10cm x 4cm) and stored
at refrigerated temperature until analysis. The data gathering started on day 0 and
continued at 3-day intervals. Relative humidity and temperature of the storage room
were recorded daily until the termination of the study.

Storage Condition

The eggplant fruits were stored in an air-conditioned room with the temperature
ranging from 8°C to 10°C and a relative humidity of 51% to 64%.
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Experimental Design and Treatment

The study was laid out in Completely Randomized Design (CRD) with nine
treatments (9) and three (3) replications. There were a total of 405 eggplant fruits
with 45 fruits per treatment and 15 fruits per replications. The treatments were
composed of different polysaccharide-based edible coatings at two concentrations
and are as follows:

T, = Control (fruit not coated or dipped in any treatment)

T,=AL 1% (fruit coated with sodium alginate (10 g/L)

T,=AL 2% (fruit coated with sodium alginate (20 g/L)

T,=PE 1% (fruit coated with pectinat 10 g/L)

T,=PE 2% (fruit coated with pectin at 20 g/L)

T,=CMC 1% (fruit coated with carboxymethyl cellulose at 10 g/L)
T,=CMC 2% (fruit coated with carboxymethyl cellulose at 20 g/L)
T,=CS 1% (fruit coated with cornstarchat 10 g/L)

T,=CS 2% (fruit coated with cornstarch at 20 g/L)

Data Gathered
Physico-chemical Properties
Moisture Content (%)

Eggplant fruit moisture content was determined using six (6) sample fruits from
each treatment. Sample fruits were weighed using a weighing scale before oven
drying. Moisture content determination was done by drying the samples in an oven
at 105°C for 16 hours until the weight became constant (ASTM D2974, 2007).
Percent moisture content was measured as the weight loss during drying and
expressed as a percentage of the wet sample. Percent moisture content was
determined according to the following equation:

% MC =_Fw-Dw x 100
Fw
where MC is the eggplant moisture content, Fw is the fresh weight, and Dw is the
dried weight.

Dry Matter Content (%)

Eggplant fruit dry matter content was determined using three (3) sample fruits
from each treatment. The sample fruit was weighed using a weighing scale before
oven drying. The samples were then oven-dried at 105°C for 16 hours until weight
became constant. These were then re-weighed (ASTM D2974, 2007). Percent dry
matter content was measured as the remaining weight of the sample after drying
and was expressed as a percentage of the wet sample. This was determined using
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the following formula:
% DMC = Dw x 100
Fw

where DMC stands for dry matter content, Dw for dried weight, and Fw for the fresh
weight of the sample fruit.

Weight Loss (%)

To evaluate weight loss, five (5) separate samplesinthree (3) replicates of each
treatment were used. The same samples were evaluated for weight loss at three (3)
days interval until the end of the experiment. Weight loss was determined by the
following formula:

Weight loss (%) = [(A-B)/A] x 100

where A indicates the fruit weight at the time of harvest and B indicates the fruit
weight ateach sampling period (Akhtar 2010).

Firmness (kg/force)

Fruit firmness was recorded with the use of a hand-held penetrometer. For this
purpose, sample fruits from each replication were taken and the penetration force
was measured by gently inserting the probe into the equatorial region of the fruit.
The readings from each sample fruit were averaged to represent the corresponding
treatments and the value was expressed in kg/force.

Shriveling
This wasdeterminedthroughthe use ofthe shrivelingindex (S)(Acedo 1999).
Shriveling Index Description
1 No symptom of wilting/shriveling
2 1-10% surface wilting/shriveling
3 11-30% surface wilting/shriveling
4 31-50% surface wilting/shriveling
5 Extensive wilting/shriveling

Visual Quality Rating and Shelf life
The visual quality of the samples was evaluated using the visual quality rating

(VQR) (Acedo 1999). The number of days to reach VQR 5 was taken as the potential
postharvest life of the eggplant fruits stored at storage room condition.
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VR Desription
9 Excdllent, field fresh or no defect
7 Good, defects minor
5 Fair, defects moderate, limit of merketability
3
1

Poor, defects serious, limit of edibility
Non -edible under the usual condition

pH

Eggplant fruits from each treatment were cut into small slices and pooled.
Samples were homogenized in a blender and portions of the homogenate were
taken to determine the quality. The pH value of fruit was measured with a pH meter.

Total Soluble Solid (°Brix)

TSSin Brix% was measured by a hand refractometer standardized with distilled
water by placing 1-3 drops of juice on the prism of the instrument to take the
reading.

Titratable Acidity (%)

A 5mL juice extract (aliquot) was measured and put into an Erlenmeyer flask or
beaker and added with two (2) drops of 1% phenolphthalein indicator. This was
titrated with 0.1% NaOH until the faint pink color and the volume of NaOH was
recorded. TA was calculated as follows (Acedo 1999):

% TA of predominant acid = ----------------m-- x 100

where: V- Volume of NaOH added, ml
N - Concentration of NaOH, normality (N)
M - Milliequivalent weight of predominant acid, g/meq (citric acid- 0.064 and
malic acid-0.067)
W - Weight equivalent of aliquot, g

Weight of sample, g
W= x vol. of the aliquot
Weight of sample + volume of water added

Vitamin C Analysis (mg 100 g fresh fruit”)

This was analyzed using the iodimetric titration method with the volumetry
technique as described by Acabal etal (2015).
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Physiological Properties
Respiration Rate

This was measured by using a DansensorCheck Point 3 CO,/0, Portable
Headspace Gas Analyzer at the Postharvest Technology Laboratory, Department
of Horticulture, Visayas State University. After allowing eggplant fruits to respire
for one hour, the rubber tubing from the CO, and O, analyzer was inserted into the
glass tubing of the respiration jars and the CO, and O, reading was recorded.

Respiration rate was calculated as follows:
\Y

Respiration rate (mg CO,.kg" h ') = net (%) CO, X -—————-x 1.83
(W)(T)
where: Net (%) CO,= final (%) CO, reading — 0.03% Co,
V = Volume of free space, mL
W = Weight of sample, kg
T = Time of sealing in respiration jar, h

Ethylene Production

This was measured using GC-2014 Shimadzu gas chromatograph for
ethylene analyzer at the Harvested Products Regulation Laboratory, Philippine
Root Crops Research and Training Center (PRCRTC). After allowing the eggplant
fruits to respire for one hour, the rubber tubing was injected using a syringe and it
was inserted into the gas chromatograph to get the ethylene vapor for analysis.
Ethylene was calculated as follows:

R1 VF
C,H, (mL/g/hr) = x C x
R2 (T) x (W)

where:  R1 - ethylene reading for sample
R2-ethylene reading for standard
C - Concentration of standard, ppm
VF-volume of headspace, ml=,
ml=vol. of respiration jar-vol. of commodity
T - Timeinterval, hour
W- weight of the commodity, g

Microbial Analysis

Samples were submitted to the Microbiology Laboratory of the College of
Veterinary Medicine, Visayas State University, Visca, Baybay City, Leyte for analysis
of the microbial load. Experiments were done in triplicate. Results were expressed
as Log10 CFU (Colony Forming Unit) per gram of fresh weight.
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Statistical Analysis

Statistical analysis was carried out using Statistical Tool for Agricultural
Research (STAR) software. One-way ANOVA and Tukey's honest significance test
(Tukey's HSD test) for comparisons among treatments were performed.

RESULTS AND DISCUSSION

Physico-chemical Properties
Moisture Content and Dry Matter Content

The moisture and dry matter content of eggplant fruit as affected by the
different coatings are presented in Figure 1. The Analysis of Variance showed that
the result was significant (p< 0.01). It was noted that the highest moisture content
was observed in fruits coated with alginate (1%) while those coated with alginate
(2%) and pectin (1%) had the lowest moisture content. The high moisture content of
fruit coated with alginate (1%) and cornstarch (2%) was due to moisture barrier
properties of the alginate as edible coating.

The dry matter content of eggplant was inversely proportional to its moisture
content. The low dry matter content was caused by the high respiration rate of the
eggplant fruit and the other way around. Olivas et al (2003) reported that edible
coating acts as a barrier preventing water loss and causing high relative humidity in
the microclimate surrounding the fruit surface leading to reduced moisture
gradientinthe outer part of the fruits.

MOISTURE AND DRY MATTER CONTENT
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Figure 1. Moisture and dry matter content of eggplant fruits var. 'Morena' as
influenced by alginate, pectin, carboxylmethyl cellulose, and cornstarch at 1 to 2%
concentrations after 12 days of storage.
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WeightLoss

Polysaccharide-based edible coatings significantly reduced the weight loss of
eggplant fruits (Figure 2). The weight loss increased as the storage period increased
until 12 days. All the fruits coated with polysaccharide-based edible coatings
exhibited lesser weight loss compared to the control. The lowest weight loss among
fruits that were treated was observed in those coated with alginate (1% and 2%).
Both concentrations of alginate resulted to the lowest respiration rate of coated
fruits. Weight loss in fresh produce is mainly caused by the loss of water caused by
transpiration and respiration (Zhu et al 2008). The percent weight loss increases
throughout the storage period. Normally, the weight loss that occurs during fruit
storage is due to its respiratory process and the transference of humidity and some
processes of oxidation (Ayranci and Tunc 2003).

The lesser weight loss in fruits coated with different treatments as compared to
the control is supported by the statement of Debeaufort et al (1998), that edible
coatings are selective barriers to oxygen and carbon monoxide, modifying internal
atmospheres and slowing down the respiration rate of fruit, which in turn reduces
weight loss. The edible coating reduces transpiration and respiration by forming a
semi-permeable layer (Dong et al 2004) that can be used as a protective barrier.

Moreover, differences in the ability to reduce weight loss are attributed to the
different water vapor permeability of the polysaccharide used in the formulation of
the edible coating (Vargas et al 2008). Edible coatings form a layer on fruit skin that
controls water loss, defends fruit skin from mechanical damage and microbial
attack, and seals small wounds (Nasrinetal 2017).

Weight Loss
= —4—T0 = Control
- —M-T1=AL1%
E i T2=AL 2%
- m T3=PE1%
5 —#—T4=PE 2%
0 : —0—T5=CMC 1%
3 6 9 12 ——T6=CMC 2%
Storage duration (days) —T7=CS1%

Figure 2. Weight loss of eggplant fruits var. ‘"Morena' as influenced by alginate,
pectin, carboxylmethyl cellulose, and cornstarch at 1 to 2% concentrations after 12
days of storage.

Firmness
Texture is a major factor defining the quality of fruit and strongly influences
consumer acceptability (Gonzalez-Aguilar et al 2008). During the ripening process

of eggplants, cell walls facilitate the activity of various enzymes, including
polygalacturonase. This causes the entire fruit to soften due to the decomposition
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of the structural components needed to strengthen the cell layer and cell bonding
(Amanullahetal 2016).

Fruit firmness was significantly affected by the application of different
coatings. A gradual reduction of fruit firmness was observed from day 1 up to 12
days. HSD test shows that eggplant from the control treatment had the lowest
mean which indicates the highest level of softening. It can be observed in Figure 3
that only a few treatments were comparable to the control during days 3, 6, and 9 of
storage. However, after 12 days, all other coatings were already comparable to the
control except forthe 1% alginate. The retention of firmness in fruits coated with 1%
alginate was due to the low respiration rate and ethylene production as noted in this
study.

Accordingto Valero etal (2013) and Valero and Serrano (2010), alteration in cell
wall composition, particularly cell wall mechanical strength and cell-to-cell
adhesion, are the most crucial factors contributing to the loss of firmness during
fruit on-tree ripening or after harvesting. This is caused by the activity of cell wall
hydrolyzing enzymes which increases the ethylene in climacteric fruit.

The 1% alginate coating was primarily effective in preventing or delaying the
softening of fruits and vegetables compared to the control environment (Keneko et
al 2002). Edible coatings decrease the water vapor transmission rate by forming a
barrier around their substrates. This prevents texture reduction, as water is
essential forthe preservation of cell turgor (Perez-Gago et al 2010).

Firmness
9
s m TO = Control
g ET1=AL1%
g . T2=AL 2%
4 &
2 ; T3=PE1%
5 mT4=PE2%
1 mT5=CMC 1%
0 mT6=CMC 2%
Initial 3 6 9 12 mT7=CS1%
Storage duration (days) mTB=CS 2%

Figure 3. Firmness of eggplant fruits var. 'Morena' as influenced alginate, pectin,
carboxylmethyl cellulose, and cornstarch at 1 to 2% concentrations after 12 days of
storage.

Shriveling

Data on the degree of shriveling is presented in Figure 4. The degree of
shriveling increased slowly during the storage period. The lesser the value of
shriveling among the fruits from varying treatments, the better. The Analysis of
Variance revealed significant differences among treatment means from day 3 until
day12.

Least significant difference test shows that the highest degree of shriveling
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was observed in the control but this was statistically comparable to some coatings
except the fruits coated with alginate (1%). Moreover, during the final day of data
collection, fruits coated with alginate and cornstarch, both at 1% and 2%, were
comparably less shriveled compared to the control. Edible coating slow down the
degree of shriveling of eggplant fruits, likely due to the effect of alginate and
cornstarch, which act as a barrier for 0% altering the metabolic activity, and
therefore the ripening process (Nazoori et al 2020).

Shriveling

—4—T0 = Control
—-T1=AL1%
T2=AL 2%
T3I=PE1%
—+—T4=PE 2%
—8—T5=CMC 1%
——T6=CMC 2%
—T7=0CS1%
—T8=0CS 2%

Initial 3 DAYS 6DAYS 9 DAYS 12DAYS

Figure 4. Shriveling of eggplant fruits var. 'Morena' as influenced by different
polysaccharide-based edible coatings from day 3 to day 12.

Visual Quality Rating and Shelf Life

The visual quality rating of eggplant as affected by the different coatings is
presented in Figure 5. The VQR of eggplant was significantly affected by the
different coatings used. The least VQR was noted in the control during the whole
period of storage but this was comparable to other fruits with pectin, CMC, and
cornstarch coatings after 12 days of storage. The best treatment in terms of VQR is
2% Alginate from day 3 to 12. This was significantly higher than the control, though
it was comparable to other coatings.

In terms of shelf life, the best treatments were alginate and cornstarch at 2%
which preserved fruits for up to 10 days. This is higher compared to other coatings,
however, the shelf life of other coated fruits was statistically comparable but not
similar to the control. The positive effect of edible coating on storage life could
probably be due to the effect of coatings in modifying the atmosphere. The
modified atmosphere created could, therefore, delay the ripening by reducing
respiration rate and the level of internal oxygen, and delaying ethylene production,
consequently prolonging the storage life of fruit (Gol and Rao 2011).

Ben-Yehoshua (1985) reported that coating extends the shelf life of harvested
commodities by decreasing O, and increasing CO, concentration, which reduces
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the enzymatic activities responsible for quality deterioration. Moreover, Kittur et al.
(2001) reported that polysaccharide-based coating formulations slowed down the
metabolism to give prolonged storage life. They also reported an extension in the
shelf life of banana by 21 days and of mangoes by 8 days relative to control fruits.

Visual Quality Rating And Shelflife
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Figure 5. Visual quality rating and shelf life (day) of eggplant var. 'Morena' fruits as
influenced by different polysaccharide-based edible coatings from day 3to day 12.

pH

The pH of fruits decreased numerically in all treatments during storage, which
means that as the storage time increased, the fruits became more acidic (Figure 6).
The Analysis of Variance showed that the results were significant at (p < 0.05) 3
days until 12 days of storage. Honest significant difference test among treatments
further shows that there was no constant pattern of effect in 3 days until 12 days of
storage. More likely, all treatments were comparable with each other. The most
observable difference was in fruits coated with pectin, the pH of which significantly
increased compared to other treatments. However, this was statistically
comparable to the control, alginate (2%), and CMC (1%) on the 12" day of storage.
Theincreasein pH, particularly in fruit treated with pectin, might be connected to the
utilization of organic acids by the respiration process during the storage (Nazoori et
al 2020). Natalia (2012) and Menezes and Athmaselvi (2016) noted that as the
storage time passes, senescence occurs in fruits during which there will be increase
inthe pH value.

It is reported that, during ripening, organic acids are used as substrates in
respiration metabolism; thus, TA would decrease and pH and TSS would increase
(Radi et al 2017). Since organic acids such as malic or citric acid are the primary
substrates for respiration, a reduction in acidity and an increase in pH are expected
in highly respiring fruit (Yaman and Bayoindirli 2002). Moreover, the linear increase
in pH might be ascribed to biochemical, structural, and physiological alterations
taking place during respiration (Ullah et al 2017).
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pH
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Figure 6. pH of eggplant fruits var. 'Morena' as influenced by different
polysaccharide-based edible coatings from day 3to day 12.

Total Soluble Solids

Total soluble solids indicate the proportion of dissolved solids, such as sugars,
acids, amino acids, ascorbic acids, and minerals in fruits and vegetables (Kader
2008; Beckles 2012). The total soluble solids among treatments increased as
storage time increased (Figure 7). At harvest, the TSS was 4.78 “Brix. In general, it
seems that total soluble solid content tends to increase over the storage period as a
consequence of the ripening process (Benitez et al 2013; Albanese et al 2007).

The Analysis of Variance revealed significant differences among treatments
means from day 3 until day 12. It was observed that fruits coated with edible coating
had slightly lower TSS particularly CMC 2% and CS 1% (day 3), CMC 1% (day 6), PE
2%, CMC 1 and 2 %, and CS 2% (day 9) compared to the control. However, on day 12
of storage, coated and uncoated fruits were comparable with each other.

In this study, there was a gradual increase in TSS during the storage period.
According to Kader (2008) and Beckles (2012), the increase in the concentration of
the total soluble solids in the sample is directly related to the increase in water loss
during the storage period. With an increase in storage time, the starch converts into
sugar in the tissues, which indicates an increase in TSS (Bourtroom 2008;
Moalemiyan and Ramaswamy 2012).

Togrul and Arslan (2004) reports that TSS increased during storage conditions
because of the breaking of carbohydrates and pectin, incomplete hydrolysis
(breaking down the bonds due to water) of protein, and decaying of glycosides in
the minute units through exchange of gases. However, it was observed in the study
that the application of edible coating slightly reduced the change in TSS. Edible
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coating delays this process as coating slows down the metabolism by reducing
internal respiration rate; thus, avoiding drastic reductions of soluble solids levels
(Saha et al 2016) of coated eggplant compared to the control (uncoated). This
impliesthatchangesin TSSin coated fruit was slower than in the control.

Total Soluble Solids

5.4
B TO = Control
5 =-T1=AL1%
T2=AL 2%
x 4.8 e T3=PE1%
£ 46 ——T4=PE 2%
—8—T5=CMC 1%
44 ——T6=CMC 2%
i —T7=C51%
—T8=CS 2%
4

Initial 3DAYS  eDAYS  9DAYS 12DAYS

Figure 7. Total soluble solids of eggplant fruits var. 'Morena' as influenced by
different polysaccharide-based edible coatings from day 3 to day 12.

Titratable Acidity

The Analysis of Variance for the titratable acidity revealed significant
differences among treatment means after 3 days of storage only and not significant
at 6, 9, and 12 days of storage (Figure 8). This implies that the application of
different coatings has a significant effect only within a short period of storage.
Moreover, the control had the statistically highest titratable acidity. This was
significantly comparable with the eggplant coated with alginate, pectin, CMC, but
not comparable with eggplant coated with cornstarch.

In general, fruit acidity tends to decrease with maturation and a concomitant
increase in sugar content (Raffo et al 2002). During the post-harvest storage of
fleshy fruit like eggplant, reduction in total acidity is also common and is caused by
the use of organic acids as substrates for respiratory metabolism in detached fruit
(Diaz-Mula et al 2012; Valero and Serrano 2010). Coatings serve as a protective
layer around the fruit, causing it to accumulate less acid (Diaz-Mula et al 2012;
Valero and Serrano 2010)

In a similar study, the loss of vegetable acidity has been associated with
decrease in quality during postharvest storage of vegetables, the retention of
acidity contributed towards preserving the shelf life of cucumber (Zapata et al
2008).

61



Gonzales & Benitez

Titratable Acidity

0.7
0.6
T0 = Control
0.5 —=-T1=AL1%
T2=AL2%
§ b T3=PE1%
S o3 ——T4=PE2%
—e—T5=CMC 1%
0.2 ——T6=CMC 2%
—T7=C51%
0.1
——T8=CS 2%

Initial 3DAYS 6 DAYS 9DAYS 12DAYS

Figure 8. Titratable acidity of eggplant fruits var. 'Morena' as influenced by different
polysaccharide-based edible coatings from day 3 to day 12.

Vitamin C

Concerning ascorbic acid, it is clear from Figure 8 that it decreased with the
increase in storage period, irrespective of treatments. The data also revealed that
the percent decrease in ascorbic acid was significantly lower throughout the
storage period in all treated fruits compared to the control. The highest percent
reduction was observed in fruits without coating (control) due to high moisture
loss/weight loss. Among the coated fruits, the lowest reduction was noted in
alginate (1 and 2%), pectin,and CMC (1%).

As the moisture content decreases, the degree of dilution also decreases,
according to Wang et al (2017). The retention rate of moisture content, therefore,
increases and leads to lower vitamin C retention.

Onthe other hand, Santos and Silva (2008) and Wang et al (2017) stated that the
effect of water content on vitamin C degradation is more complex compared to
other factors as water content brings both negative and positive effects on vitamin
C degradation by diluting the ascorbic acid concentration, which results to a lower
degradationrate.

The highest level of ascorbic acid in some treatments could be due to the
retardation of the oxidation process and, consequently, slow rate of conversion of L-
ascorbic acid into dehydroascorbic acid by ascorbic acid oxidase. The retention of
higher ascorbic acid in coated fruits might be due to the ripening retarding effect
and slow rate of biological activities during storage (Hazarika et al 2017). In this
study, it was noted that the possible reason for the retention of ascorbic acid in
coated fruits was thereduction of the respiration rate and slowing down of ethylene
production.

The result was in agreement with the study of Patrick et al (2016) who observed
that some quantities of ascorbic acid (vitamin C) were lost as a result of
prolonged storage. This is attributed to the fact that ascorbic acid is susceptible

to oxidation by atmospheric oxygen over time (College of Science 2011).
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Figure 9. Vitamin C of eggplant fruits var. 'Morena' as influenced by different
polysaccharide-based edible coatings at 12 days of storage

Coatings served as semipermeable layers which control the exchange of
oxygen and carbon dioxide (Bourtroom 2008). It should be noted that ascorbic acid
is susceptible to degradation by enzymes (ascorbate oxidase or peroxidase), light,
oxygen, heat, and peroxides (Plaza et al 2011). Similar work was done by
Bhattacharya (2004) who found that vitamin C/ascorbic acid of fresh fruits was
highest before ripening and then decreased, due to the activity of an enzyme called
ascorbic acid oxidase.

Physiological Properties
Respiration Rate and Ethylene Production

Respiration rate and ethylene production are important indicators of fruit
quality. The lesser the respiration rate and ethylene production, the better, since the
fruit can stay fresh longer if it respires and produces ethylene gradually. Results
show that the respiration rate and ethylene production were lower after 3 to 12 days
of storage compared to the initial, higher reading.

It was also noted in Figure 10 that respiration rate was significant at 3to 12 days
of storage. Alginate (1 and 2%) showed the best result by resulting in a lesser
respiration value compared to the control. Regarding ethylene production, though
numerically the value was different such that the control showed the highest
production, statistically the result was not significant due to the high coefficient of
variance (CV %) (Figure 11).

The barrier properties of the edible coatings also decrease the selective
permeability of the fruit surface to O, and CO,, resulting to an increase in the
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concentration of CO, in the fruit tissues and a decrease in the concentration of 0,(de
Wild et al., 2005), which may be responsible for the decreased production rate of
ethylene in eggplant fruits in this study and in alginate-coated plums (Valero et al
2013).

Reduction in the respiration rate through chemical treatment, coating, and
controlling the atmospheric composition could be due to the delay in the use of
organic acids in the enzymatic reactions of respiration (Bico et al 2009). Coatings
reduce respiratory and metabolic rates, and thereby delay the utilization of organic
acids (Baraiyaetal 2012).

Respiration Rate
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Figure 10. Respiration rate (mg CO,.kg" h ") of eggplant fruits var. 'Morena' as
influenced by different polysaccharide-based edible coatings from day 3to day 12.
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Figure 11. Ethylene production (mL/g/hr) of eggplant fruits var. 'Morena' as
influenced by different polysaccharide-based edible coatings from 12 days of
storage.
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Microbial Count

Statistically significant differences (p<0.05) were recorded on the total
microbial count. As shown in Figure 12, almost all coatings perform best in
preventing microbial growth except for pectin (1 and 2%) and cornstarch (2%).
Instead of preventing microbial growth, there was anincrease in the microbial count
on fruits coated with pectin (1 and 2%) and cornstarch (2%).

On the contrary, 2% alginate and 2% carboxymethyl cellulose were more
effective in preventing microbial growth throughout the storage period. Fruits
coated with these two had the lowest microbial count; however, these were
statistically comparable to the other treatments.

It appears that fruits coated with 2% alginate and carboxylmethyl cellulose had
the higher percentage of reduction in microbial count compared to fruit coated with
pectinat 1and 2 % and cornstarch at 2%.

The coating produces a very thin, fine layer on the fruit skin that blocks the
openings of stomata and lenticels, reducing transpiration rate, respiration rate, and
microbial activity (Das and Medhi 1996).

Microbial Count
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Figure 12. Microbial count of eggplant fruits var. 'Morena' as influenced by different
polysaccharide-based edible coatings after 12 days of storage.

CONCLUSION

The use of different polysaccharide-based edible coatings significantly
reduced weight loss and shriveling, maintained firmness and VQR, prolonged shelf
life, enhanced pH, TSS, and TA, preserved vitamin C content, maintained moisture
and dry matter content, and reduced respiration and microbial count of eggplant.
When compared to the control, the different polysaccharide-based edible coatings
showed the best result in maintaining the quality of eggplant especially on the
percent weight loss (alginate 1% and 2%), shriveling (alginate and cornstarch at 1%
and 2%), vitamin C content (alginate 1% and 2%, pectin and CMC at 1%), and
microbial count (alginate and CMC at 2%). The decrease in weight loss, shriveling,
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and microbial count, and retention of vitamin C are important in maintaining the
quality and prolonging the shelf life of eggplant fruits. Among the tested
polysaccharide-based edible coatings, the best was alginate at either 1% or 2%.
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