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ABSTRACT

Edible coating is an economical and effective approach towards maintaining the quality of minimally processed fruits, this
concept was applied in the storage of dried guava slices. The objective of this study was to investigate the effectiveness of
polysaccharide- and gelatin-based coatings in improving the storage quality of the dried guava slices. Sodium alginate
(polysaccharide) and gelatin (protein) were used as the base for this model study, additives such as citric acid and
fructooligosaccharide were added. Dried guava slices produced with different edible coatings were stored at 24 and 37.5°C,
the browning intensity, antioxidant stability and total plate count in the formulations were monitored for 8 weeks. Browning
intensity in dried guava slices was less pronounced when citric acid and fructooligosaccharide were combined and incorporated
into the sodium alginate- and gelatin-based formulations (p<0.05). The same combination of ingredients helped in maintaining
the antioxidant stability in the dried guava slices with gelatin-based coating. While presence of fructooligosaccharide in both
of the sodium alginate- and gelatin-based formulations lowered the microbial load during the storage period (p<0.05). These
findings suggest a combination of citric acid and fructooligosaccharide could be an ingredient with multi-functional effects in
preserving the quality of dried guava slices.
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INTRODUCTION

Guava (Psidium guajava L.) is a tropical fruit
commonly found in Malaysia. However, the fruit
is perishable within days of post-harvest due to its
high moisture content. Therefore, many preservation
technologies are developed to extend the shelf-life
and food safety of fruits. Drying is regarded as one
of the most economical approaches in preserving
fruits. The fruits are dehydrated or dried until a
low moisture content is achieved. Although low
moisture foods are shelf stable, the appearance
(browning), microbiological stability and
antioxidant quality remain a quality issue due to the
susceptibility of the fruit exposed to long duration
and high temperature during drying (Perera, 2005;
Michalska et al., 2016; Udomkun et al., 2015).

Edible coatings or films are regarded as one of
the economic methods to preserve fresh fruits. It is

a simple approach to maintain the quality of fruits
at ambient temperatures. Edible coatings are
commonly applied in minimally processed fresh
fruits to provide a partial barrier to moisture loss,
oxidation, volatile loss and prevent browning
(Olivas & Barbosa-Canovas, 2005). Generally,
edible coatings can be divided into lipid-, resin-,
polysaccharide- and protein-based. Gelatin is a
protein obtained from hydrolysed collagen either
from animal bone or skin. On the other hand, sodium
alginate is a polysaccharide derived from brown
seaweed.

To date, there is no report on the efficacy of the
edible coatings applied on the storage quality of
dried guava slices. In this study, sodium alginate
(polysaccharide-based) and gelatin (protein-based)
were chosen as candidates for this model study, they
act as the base of the edible films due to their
selective permeability towards exchange of O2 and
CO2 (Linares-Morales et al., 2018). The aim of this
study was to investigate the effectiveness of sodium
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alginate and gelatin coatings in improving the
storage quality of the dried guava slices.

MATERIALS AND METHODS

Materials
Fresh matured guavas were peeled, deseeded

and sliced at 1 cm thickness. The guava slices were
blanched in distilled water at 100°C for 10 min,
drained and cooled to room temperature. Later,
blanched fruits were soaked into sugar solution
(50% w/v) for 18 hr at 4°C. The fruit slices were then
dipped into coatings formulated with different
combinations of bovine gelatin (G), sodium alginate
(A), fructooligosaccharide (F) and citric acid (C)
(Table 1) for 30 min at 4–8°C. Drying of fruit slices
were carried out at 60°C for 10h. Samples were
cooled to room temperature and dusted with icing
sugar prior to storing. The fruit slices were sealed
in polyethylene (PET) bags and stored at room
temperature for further analyses.

For measurement of browning intensity,
antioxidant and microbiological analyses, the dried
fruits were stored at 24 and 37.5°C in order to mimic
the storage conditions found in retail stores and
conventional warehouses, they were sampled at
every 2 weeks for a total duration of 8 weeks.

Measurement of browning intensity
Exactly 2 g of each of the dried fruits were

homogenized in 20 mL distilled water using a rotor-
stator homogenizer (15000 rpm at 2 min, Ultra
Turrax T25, IKA, Malaysia). The mixture was
centrifuged at 5000 ×g for 10 min at 4°C (Universal
Centrifuge 5911, Kubota, Japan). The supernatant
was filtered and the aliquot was transferred into a
cuvette to measure the absorbance at 420 nm (Liu
et al., 2019). All measurements were performed in
triplicates.

Antioxidant activity stability
The 2,2-diphenyl-1-picryl-hydrazyl-hydrate

(DPPH) radical scavenging activity was carried out
as according to Hong et al. (2014). The samples were
prepared the same manner as described in the
browning intensity measurement. The homogenized

samples were centrifuged, filtered with Whatman
No. 1 filter papers and diluted with distilled water.
The percentage of DPPH scavenging activity was
compared against a control (consisted of DPPH only)
over the course of 8 weeks storage period using the
equation below:

Control – Sample
% DPPH Scavenging Activity =  × 100%

Control

Microbiology analysis
Samples collected every 2 weeks were tested in

triplicate for total plate count. Exactly 2 g of each
of the dried fruit sample were mixed with 18 mL of
nutrient broth at the ratio of 1:9. The samples were
homogenized and 10-fold serial dilutions were
applied using the nutrient broth. About 0.1 mL of
each of the diluted samples was spread onto nutrient
agar plates and incubated at 37.5°C for 24 h. The
results were expressed as log cfu/g of dried fruits.

Data statistical analysis
All means obtained were analysed with one-way

analysis of variance (ANOVA) and separated by
Tukey test. The means were considered statistically
significant when p<0.05.

RESULTS AND DISCUSSION

Development of browning intensity
Browning is a common occurrence observed in

dehydrated fruits during storage. It is mainly
attributed to Maillard reaction and oxidation (Bolin
& Steele, 1987; Li et al., 2019). Formation of brown
pigments is related to the accumulation of Maillard
reaction products such as melanoidins (Madrau et
al., 2010). The formation of browning pigment
during storage is shown in Figure 1. Lower storage
temperature (24°C) promoted formation of browning
pigment in the samples whereas at a higher storage
temperature (37.5°C), formation of brown pigments
in samples progressed at a slower pace. Throughout
the entire storage period, the freshly dried guava
slices without coating (control) and guavas with
alginate based coating (A) were significantly darker
compared to the other coatings (p<0.05). In week 8,

Table 1. Formulation of coatings applied to guava slices

                           Formulation
Ingredients, % w/v

Control G GC GCF A AC ACF

Gelatin (G) – 2.0 2.0 1.5 – – –
Sodium alginate (A) – – – – 2.0 2.0 1.5
Citric acid (C) – – 1.0 1.0 – 1.0 1.0
Fructooligosaccharide (F) – – – 0.5 – – 0.5
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coatings containing citric acid (GC and AC) and
fructooligosaccharide (GCF and ACF) gave
relatively lower browning intensity than the rest of
the treatments (p<0.05) regardless of storage
temperature applied. This indicates that the presence
of citric acid and fructooligosaccharide could
suppress the formation of Maillard reaction
products, whereby the presence of citric acid leads
to a lower pH in the mixture. This is in agreement
with a few studies which incorporated citric acid in
reducing the occurrence of browning (Campos et
al., 2016; Liu et al., 2019; Martins et al., 2000),
this is because the Maillard reaction is more
favoured at greater pH levels. On the other hand,
chitosan oligosaccharide-soy protein isolate (SPI)
conjugate produced milder browning in the Maillard
reaction compared to glucose-SPI conjugate. The
oligosaccharide-SPI conjugate produced greater
amount of reactive fluorescent intermediates, which
were less prone to form brown pigments (Xu et al.,
2019). Similarly, the formation of browning pigment
is relatively slower in Maillard reaction mixture
containing oligosaccharide-amino acid-sulphite
compared to the monosaccharide-amino acid-
sulphite models (Wedzicha & Kedward, 1995).
Thus, the presence of oligosaccharide in the coating
formulations could reduce the brown pigments
formation from the Maillard reaction.

Stability of antioxidant activity
The stability of the antioxidant activity in the

coated guava slices was compared at 24 and 37.5°C
for 8 weeks (Figure 2). Initially, the antioxidant
capacity levels in samples with alginate based
coating were similar to that of the control (p>0.05).
However, towards the end of the stability study
(week 8), most of the coated samples (except for
gelatin-citric acid (GC) coating stored at 24°C)
showed significant reduction in antioxidant activity
(p<0.05). In particular, the antioxidant activity in
the alginate based coatings (A, AC, and ACF)
dropped steeply starting in week 6, and it is more
evident at higher storage temperature (37.5°C) as the
antioxidant activity in A, AC and ACF reduced to
nearly half of the original capacity. On the other
hand, the antioxidant activity measured in gelatin
based coatings were relatively higher than those of
alginate based during storage. This is in line with
notion that the Maillard reaction products generated
in the protein based (gelatin) coating during storage
contributed to the antioxidant capacity (Hong et al.,
2014; Kchaou et al., 2019). It is interesting to note
that at 24°C, the gelatin-citric acid coated (GC)
guava showed similar levels of antioxidant activity
as compared to the control during storage. However,
the same formulation was less stable at higher
storage temperature (37.5°C) with approximately

Fig. 1. Development of browning intensity in dried guava slices treated with edible coatings formulated with gelatin (G),
alginate (A), citric acid (C), fructooligosaccharide (F) during storage at 24 and 37.5°C for 8 weeks. Different letters within
the same week indicate significant difference at p<0.05.
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Fig. 2. Stability of antioxidant activity in dried guava slices treated with edible coatings formulated with gelatin
(G), alginate (A), citric acid (C), fructooligosaccharide (F) during storage at 24 and 37.5°C for 8 weeks.
Different letters within the same week indicate significant difference at p<0.05.

11% of total reduction in DPPH radical scavenging
activity observed. The presence of citric acid in
the coating formulation may provide a synergistic
effect between the polyphenolic compounds, which
could act as a potent chelating agent (Baldwin et
al., 1995).

Microbiological analysis: total plate count
The viable microbe load was monitored at 24

and 37.5°C in every 2 weeks (Figure 3). Samples
incubated at 24°C showed a gradual increment in
the microbial load over the course of 8 weeks.
However, the total plate count in all treatments was
significantly lower than that of control (p<0.05),
particularly in GCF, which resulted a reduction of
about 1.5 log cfu/g in microbial load. At 37.5°C,
most of the treatments showed similar growth trend
compared to control at week 8, except for both GCF
and ACF which were significantly lower (p<0.05)
than the rest of the samples. This suggests that there
is a synergistic interaction between a combination
of fructooligosaccharide and citric acid, either in the
polysaccharide (alginate) or protein based (gelatin)
coating that retards microbial growth in the dried

fruits. Further investigation is needed to understand
the mechanism of the interaction.

CONCLUSION

In this study, the effect of different formulations and
storage temperature on the storage quality of dried
guava slices was investigated. The presence of citric
acid and fructooligosaccharide in both sodium
alginate- and gelatin-based formulations was able to
suppress the browning development in dried guava
slices. Moreover, the addition of citric acid and
fructooligosaccharide in the gelatin-based coating
maintained the antioxidant stability when stored at
24°C, however this effect was not observed in other
formulations at higher storage temperatures. On the
other hand, incorporating fructooligosaccharide into
the coating formulations helped in lowering the
microbial load throughout the storage period. These
findings suggest a combination of citric acid and
fructooligosaccharide in the edible coating could
produce multi-functional effects (corresponding to
anti-browning, antioxidant and antimicrobial
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Fig. 3. Microbial load in dried guava slices treated with edible coatings formulated with gelatin (G), alginate
(A), citric acid (C), fructooligosaccharide (F) during storage at 24 and 37.5°C for 8 weeks. Different letters
within the same week indicate significant difference at p<0.05.

activity) in the preservation of dried guava slices.
Further investigation is needed to understand the
mechanisms between these ingredients.
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