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In  this study, cassava starch oxidized by  the  electrolysis was used as an edible coating to improve the  shelf life of banana fruits. The  effects 
of coating in solutions of electrolyzed starch with 1, 2 and 3% (w/v) gelatin and without gelatin addition on respiratory rate and biochemical properties 
of banana during 8 days of storage at room temperature (75–80% relative humidity) were evaluated. The micrographs of scanning electron micros-
copy showed very thin coating layers (<25.2 mm) with continuous network topology and no cracks. During the storage period, a significant reduction 
in respiration rate and weight loss of coated bananas compared to uncoated fruits was noted. Furthermore, the change in titratable acidity and contents 
of soluble solids, total carbohydrates and reducing sugars of coated bananas were slower. Increasing the gelatin content in the coating had a beneficial 
effect on delaying the ripening of bananas. The oxidized starch coating formulation with 3% (w/v) of gelatin demonstrated the highest efficiency as 
it delayed the respiratory peak 4 days more than in the uncoated bananas. This study results suggest that electrolyzed starch-gelatin coating could 
be a potential material to extend the shelf life of fruits.
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INTRODUCTION

In  recent decades, postharvest technology has been de-
veloped, in which modified atmosphere packaging and cold 
are widely exploited [Kudachikar et  al., 2011; Le Nguyen 
et  al., 2020; Radziejewska-Kubzdela et  al., 2007]. However, 
packaging made of synthetic polymers is harmful to the envi-
ronment while the low temperature may cause chilling injury 
symptoms on fruits [Salehi, 2020; Zsom et al., 2018]. Along 
with customer interest in biodegradable and eco-friendly ma-
terials, the edible coating is a suitable alternative to increase 
fruit shelf life, with the same effect as storage in a modified 
atmosphere [Chiumarelli &  Hubinger, 2014; Karaca et  al., 
2014; Kokoszka & Lenart, 2007].

Cassava (Manihot esculenta C.) starch is commonly used 
for fruit coating because it  can be produced in  large quan-
tities at a  low cost. Additionally, it  is  safe for human con-
sumption and has a good gas barrier [Aguilar-Méndez et al., 
2008; Kim et al., 2015]. However, due to the retrogradation 
mechanism and  hydrophilicity property of  starch, cassava 
starch-based coating becomes brittle and has a less efficient 
water vapor barrier [Cortés-Rodríguez et al., 2020; Kim et al., 

2015]. Therefore, the  electrolysis method is used to oxidize 
cassava starch to improve the physical-mechanical properties 
of the coating. By forming cross-linking, electrolyzed cassava 
starch improves the  water-oxygen barrier [Trinh &  Dang, 
2019]. The  water solubility of  electrolyzed cassava starch 
is  four times higher than that of  the  native cassava starch 
[Trinh &  Dang, 2019]. Moreover, the  electrolysis method 
also yields a  higher water solubility of  starch than other 
modification methods, which is advantageous for coating ap-
plications since it prevents coating brittleness [Basiak et al., 
2017; Trinh &  Dang, 2019]. Furthermore, electrolyzed cas-
sava starch is whiter in comparison with native cassava starch 
and the difference in color can be recognized by human eyes 
[Trinh & Dang, 2019]. Along with being odorless and taste-
less, coating transparency is an important property that has 
a  direct influence on consumer decisions [Agarwal, 2021]. 
Importantly, the electrolysis method is cheap, safe and easy 
to perform as chlorine can be  easily washed out from cas-
sava starch, whereas other oxidation methods may present 
residues of NaClO and H2O2 in food, or use harmful reagents 
such as (NH4)2SO4, NaBrO3, and  KMnO4 [Pranoto et  al., 
2021; Trinh & Dang, 2019]. Gelatin is added to the polymer 
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matrix as a reinforcement to improve the physical-mechani-
cal properties of  coating [Podshivalov et al., 2020]. Gelatin 
is  a  water-soluble material that is  more stable in  structure 
and less moisture-sensitive than starch. Furthermore, the ad-
dition of glycerol and sorbitol is necessary to enhance flexibil-
ity and maintain the coating integrity [Al-Hassan & Norziah, 
2012; Fakhouri et al., 2012]. In the starch-gelatin matrix, glyc-
erol and sorbitol can act as plasticizers as well as compatibil-
izers [Podshivalov et al., 2017].

Banana is a popular tropical fruit with an abundant world 
production [FAO, 2021]. Bananas are typically collected be-
fore fully mature and stored at room temperature. However, 
their shelf life is relatively short because the metabolism re-
lated to respiration and ethylene production still continues at 
a rapid rate after harvest [Neelam et al., 2003]. There is cur-
rently a lack of studies evaluating the effectiveness of electro-
lyzed cassava starch coating in fruit preservation. Therefore, 
the purpose of  this research was to develop edible coatings 
based on electrolyzed cassava starch, gelatin, and  blends 
of  glycerol and  sorbitol as plasticizers, in  order to extend 
the shelf life of banana during storage at 30±2oC (75–80% 
relative humidity, RH). The effectiveness of electrolyzed coat-
ing was assessed by determining respiration rate, weight loss, 
and contents of total soluble solids, organic acids, reducing 
sugars, total carbohydrates, and starch.

MATERIALS AND METHODS

Materials
Banana (Musa acuminata L.) was purchased uniformly 

without any physical damage. The ripeness of bananas was 
selected at stage 2 based on the scale of Kader [2005]. Fruits 
were bought at Thu Duc wholesale market, Ho Chi Minh, 
Vietnam after 12–14 h harvesting. 

Cassava starch powder was bought from Fococev Viet-
nam JointStock Company, Hochiminh, Vietnam (the  pu-
rity was ≥98%, in dry basis). Gelatin (the purity was ≥99%) 
and  glycerol (the  purity was ≥99%) were purchased from 
Xilong Chemical Industry Incorporated Co. Ltd., Shantou, 
China. Sorbitol (the  purity was ≥99%) was obtained from  
HiMedia Laboratories Pvt. Ltd. Mumbai, India.

Starch modification procedure
Starch oxidation was performed according to the  meth-

od of  Trinh &  Dang [2019]. Cassava starch was added to 
3.0% (w/v) NaCl solution to form a  10% suspension (w/v). 
The reaction was carried out in an electrolysis tank at room 
temperature for 60  min. After that, pH of  the  starch slurry 
was adjusted to 7.0 by 1 M HCl. The starch slurry was then 
washed by distilled water (5 times) and centrifuged (3000×g, 
15 min). Finally, the starch precipitate was collected and dried 
in a convection dryer (50oC, 48 h).

Edible coating preparation
Before coating, banana fruits were washed with a 0.01% 

NaClO solution for 3  min to eliminate microorganisms on 
the  surface and drained at room temperature (30oC) [Hos-
sain &  Iqbal, 2016]. Fruits were randomly divided into five 
sample groups (n=800). Bananas of  four groups (G0-G3) 

were coated with the solutions the preparation of which was 
described below, and the fifth group was the control (bananas 
without coating).

Oxidized cassava starch slurry (8.0%, w/v) was com-
pletely gelatinized at 95oC in 30 min. Gelatin was hydrated 
(concentrations of 5%, 10% and 15%, w/v) for 1 h at room 
temperature, then the gelation solutions were heated (70oC, 
30 min). To obtain a gelatin-starch based coating solutions 
(to coat G1, G2  and  G3  samples, respectively), gelatinized 
starch and gelatin solutions were mixed well in ratios 4:1 (v/v), 
thus the final concentration of gelatin in the coating solution 
was 1%, 2% and 3% (w/v), respectively. Parallel, coating solu-
tion starch-base only (without gelatin) was prepared to coat 
G0  samples. Then, plasticizers (sorbitol and  glycerol) were 
added to all coating solutions to reach the final concentra-
tion of 1.0% (w/v) each. The coating solutions were cooled to 
room temperature before use. 

Banana coating and storage experiment
Banana fruits were washed with water and dried at room 

temperature then dipped in  the  coating solution for 1  min. 
The coated and control samples were stored at 30±2oC (75– 
–80% RH). All samples were analyzed every day during 8 days 
of storage.

Microscopic analysis of coating surface
Coating layer micrographs were taken using a  scanning 

electron microscope (SEM) to evaluate its microstructure, 
homogeneity, and thickness. To prepare SEM images, fruits 
from each treatment was randomly selected and imaged after 
the coating had dried. JSM 5410 LV scanning electron micro-
scope (JEOL Ltd., Tokyo, Japan) was used at 10 kV and mag-
nification of 1000×.

Respiration rate analysis
The  respiration rate of  banana fruit was determined 

by the method of Bailey [1940] using a closed respirometer. 
Glass containers were assembled following Figure  1. Com-
pressed air, with a constant flow rate (3.5 L/min), was blown 
throughout the  system. Firstly, the  air was passed through 
two containers (#3, containing a  saturated KOH solution, 
300  mL/container) to completely remove CO2. Secondly, 
the CO2-free air was dehumidified by passing through a con-
tainer (#4, containing 200 mL of H2SO4). Then, CO2-released 
from the banana (in #5 container) was absorbed in two con-
tainers (#6, containing 300 mL of 0.2 M Ba(OH)2 with drops 
of phenolphthalein as a color indicator). This measurement 
proceeded for 60  min. The  generated CO2  was determined 
by titrating the remaining Ba(OH)2 solution (10 mL) against 
HCl, and respiration rate (mL CO2/(kg sample×h)) was cal-
culated by a formula: 

where: Vd – volume of 0.1 M HCl (mL) used for titration with-
out sample in #5 container, Vc – volume of HCl (mL) used 
for titration with sample in #5 container, CM – concentration 
of HCl solution(M), MCO2 molecular weight of CO2 (g/mol), 
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m – mass of sample (g), d – density of CO2 (kg/kL), t – time 
of respiration measurement (h).

Weight loss determination
Banana weight loss was estimated during storage 

by a 2-digit balance (CP2P-F, Sartorius Ltd., Getynga, Ger-
many). The weight loss (%) was calculated following a previ-
ous study [Soradech et al., 2017]: 

where: W0  – weight of  sample (g) at 0  day (day of  stor-
age) and W1  – weight of banana (g) taken on each interval 
of storage.

Determination of  soluble solid content and  titratable 
acidity

Soluble solid content (SSC) and  titratable acidity (TA) 
of bananas were determined during storage following meth-
ods described by Mehdi et al. [2011]. Banana fruit pulp (10 g) 
and distilled water (40 mL) were blended well. The mixture 
was then centrifuged at 5000×g for 5 min and  then filtered 
through a Whatman filter paper. After that, the supernatant 
was measured by  a  refractometer (Atago Co., Ltd., Tokyo, 
Japan) to determine SSC as degree Brix (°Bx). In addition, 
the supernatant (5.0 mL) was titrated by 0.1 M NaOH with 
drops of phenolphthalein as a color indicator to determine TA.  
The  result was expressed as g of  malic acid equivalent per 
100 g of banana pulp fresh weight (FW).

Determination of total carbohydrate and reducing sugar 
contents 

To determine contents of total carbohydrates and reduc-
ing sugars of stored bananas, banana pulp (2.0 g) was hydro-
lyzed by 2.5 M HCl (5.0 mL) for 3 h in a boiling water bath 
and cooled to room temperature. The mixture was then neu-
tralized by  Na2CO3  until the  effervescence ceases. Distilled 
water was added to this mixture for making up to 100 mL, 
and the mixture was centrifuged at 12,000×g for 15 min. Total 
carbohydrate content was determined by the phenol-sulfuric 
acid method [DuBois et al., 1956]. Absorbance readings were 
taken at 490  nm using a  spectrophotometer (Halo VIS-20, 
Dynamica Scientific Ltd., UK). Glucose was used as a stan-
dard and  total carbohydrate content was calculated using 
a standard curve. Results were expressed as g glucose equiva-
lent per 100 g of banana pulp FW.

Reducing sugar content in supernatant was estimated us-
ing dinitrosalicylic acid (DNS) method [Horwitz, 1960]. Re-
sults were expressed in mg glucose/g banana pulp, based on 
the fresh matter. 

Starch content
The  starch content of  stored bananas was determined 

by  the  iodine dipping method [Blankenship et  al., 1993]. 
The  cross-section of  the  banana was dyed with an iodine 
solution (1% KI with 0.1% I2 in distilled water). The sample 
was immersed in I2/KI solution (5 mm of depth, 30 s). Then, 
the color change (dark blue) was visually observed and scored 

[Thakur et al., 2019]. The image of color change was estimat-
ed at the rate of black-blue point using the ImageJ software 
(Wayne Rasband, National Institutes of  Health, Bethesda, 
MD, USA). The  results were expressed as percentage ratio 
(%) of black-blue area (starch) to cross-section area.

Statistical analysis
Each measurement was made for 20 banana fruits and was 

repeated 3  times. Data were statistically analyzed by  using 
one-way analysis of variance (ANOVA). The significance level 
at p<0.05 was used throughout the study. The  results were 
ranked according to Fisher’s least significant difference (LSD) 
test using Statgraphics statistical analysis software version 15 
(Statgraphics Technologies, Inc., The Plains, VA, US).

RESULTS AND DISCUSSION

Coating layers microstructure
The  SEM micrographs of  the  coating layer of  bananas 

are presented in Figure 2. The coating cross-section showed 
that the G0 sample had a dense and homogeneous polymer 
network with no pores. The results indicated that the starch 
granules were totally disrupted and well mixed with the plasti-
cizers in the polymer network during the heating process. This 
structure promoted the barriers of gases and moisture [Chi-
umarelli &  Hubinger, 2014]. Basiak et  al. [2017] observed 
that native starch-based films had a heterogeneous structure, 
which resembled a fiber network. Ávila-Martín et al. [2020] 
also reported that the microstructure of achira starch-based 
film presented the  cracks in  the  structure. The  differences 
compared to electrolyzed starch coating layer in  our study 
could be  explained by  the  attribution of  plasticizers, which 
formed strong bonds in the amorphous phase of starch due 
to its less ordered structure. Thus, the  integrity of  the coat-
ing was maintained by preventing the formation of pores or 
cracks [Basiak et al., 2018]. 

Furthermore, as it  is  shown in  Figure  2, adding gelatin 
thickened the coating layer without causing phase separation. 
The  presence of  phase separation and  cracks in  the  struc-
ture was observed in  gelatin-starch film and  gelatin-glycerol 
film [Al-Hassan &  Norziah, 2012; De Carvalho &  Grosso, 
2004; Moreno et  al., 2017]. The  authors stated the  hetero-
geneous structure of coating reduced its mechanical proper-
ties while increasing gas permeability. Interestingly, Acosta 
et al. [2015] worked on gelatin-cassava starch film and  they 
observed the  heterogeneous structures and  fibrous regions. 

FIGURE 1. A closed respirometer for the respiration rate measurement.

Description of  containers is  provided in  the  “Respiration rate analysis 
subsection” of the “Materials & Method” section.
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Phase separation occurred even though the hydrophilic prop-
erties were similar. However, these results contrasted with 
the  homogeneous structure of  electrolyzed cassava starch-
gelatin coating layer shown in Figure 2. Thus, starch oxidation 
by  the electrolysis seems to be effective in enhancing the  in-
teraction between starch with the  gelatin and  plasticizers. 
Theoretically, coating thickness was an important param-
eter affecting the permeability [Cisneros-Zevallos & Krochta, 
2006]. The average thickness of the G0 sample was the lowest 
(19.7  µm) whilst G1, G2  and  G3  samples were about 23.8, 
25.0 and 25.2 µm, respectively. The orientation of the starch 
molecules as well as the compatibility of the polymers, could 
explain the differences in thickness [Kumar et al., 2019]. More-
over, the increase of gelatin content caused the increase in dry 
mass and viscosity of the solution [Fakhouri et al., 2015]. 

Respiration rate
Respiration rate was an important indicator of fruit shelf 

life [Mehdi et  al., 2011]. In  climacteric fruits, the  rapid in-
crease in the respiration rate along with a strong metabolism 
was an indicator of the ripening process [Wills & John, 2016].

The  respiration rate of  the  control sample reached its 
peak on the 3rd day of storage (Figure 3). Interestingly, the use 
of  coatings consisting of  G0, G1, G3, and  G4  samples de-
layed the peak of respiration until the 5th, 6th, 6th and 7th day 
of  storage, respectively. This result was in  agreement with 
the SEM results (Figure 3) showing the homogeneous struc-
ture of the coating layer, which limited gas dispersion [Khalil 
et al., 2019]. G0 sample delayed the respiration rate by up to 
2  days compared to control sample (Figure  3). This could 
be  explained by  the  formation of  cross-linking in  the  coat-
ing layer that reduced the presence of free hydroxyl groups, 
resulting in  an improved gas barrier [Lawal et  al., 2005]. 

Besides, the  addition of  gelatin showed a  benefit in  reduc-
ing the ripening rate of bananas. According to Mohsen et al. 
[2017], gelatin was a  good barrier to oxygen transfer. This 
could be explained by a crosslinking action and close pack-
ing of  the  components resulting from the  mixing of  starch- 
-protein [Jagannath et  al., 2003]. It  could be  a  small per-
centage of  the  starch and  protein in  the  amorphous phase 
transformed to the crystalline phase, which was resistant to 
oxygen transfer in the biopolymer [Shen et al., 2010]. Thus, 
a coating made from electrolyzed cassava starch and gelatin 
was strongly affected by  the  respiration rate of  the banana. 
In  general, climacteric fruit started the  ripening by  a  rapid 
rise in respiration rate. However, when the amount of oxygen 
in the atmosphere falls to 2%, the fermentation occurs instead 
of respiration, causing unpleasant flavors and premature ag-
ing. Besides, the failure of fruit ripeness caused not only bad 
flavor but also internal spoilage [Emragi et  al., 2022]. This 
phenomenon was not observed in our treated samples, indi-
cating that the coating kept appropriate low inner O2 and high 
CO2 partial pressures for fruit preservation.

Weight loss
The weight loss is related to water evaporation combined 

with the  loss of  water retention, resulting in  the  wrinkling 
of  fruit [Gol &  Rao, 2014]. In  addition, respiratory activ-
ity also contributed to the reduction in the fruit mass due to 
the breakdown of sugars, such as glucose, into CO2 and water 
[Santi & Jung, 1992].

It  was shown in  Figure  4  that the  treated samples had 
lower weight loss than the  control samples up to 5  days 
of  storage (p<0.05). Generally, the  results claimed that 
the coating reduced gas permeability in fruit surfaces, result-
ing in a reduction of respiration rate, which could account for 

FIGURE 2. Scanning electron micrographs of coating layers of bananas coated in solutions of electrolyzed cassava starch (G0) and electrolyzed cas-
sava starch with 1, 2 and 3% (w/v) gelatin (G1, G2 and G3, respectively).
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the lower weight loss. This result is in agreement with the re-
search of Chiumarelli & Hubinger [2014], in which the edible 
coatings could prevent fruits from dehydration due to their 
moisture barrier. There was a significant difference (p<0.05) 
in  weight loss between the  control and  treated samples at 
the  beginning of  storage, but the  G0, G1  and  G2  samples 
showed no  significant difference (p≥0.05) with the  control 
samples from the 6th day of storage, although the values for 
G3 still were significantly lower than for the control (Figure 4). 
The weight loss was lower by increasing the content of gelatin 
in the coating formula and this result was in agreement with 
Gol & Rao [2014] and Aguilar-Méndez et al. [2008]. Thereby, 
this coating could reduce moisture loss and prolong the shelf 
life of fruit.

Soluble solid content 
The SSC of control, electrolyzed starch and electrolyzed 

starch-gelatin coated banana fruits during storage is  shown 
in  Figure  5. The  SSC increased along with fruit ripening. 
It was probably due to respiration rate, degradation of poly-
saccharides, or water evaporation [Moreira et al., 2021]. After 
8 days of storage, the SSC of  the control sample was higer 
compared with the coated samples (Figure 5). Generally, SSC 
of coated samples was lower than that of the control during 
ripening because the hydrolysis of starches and carbohydrates 
into soluble sugars was delayed [Dwivany et al., 2020].

A  layer of  coating on the  surface of  the  fruit changed 
the  intrinsic atmosphere and concentration of O2  and CO2. 
In  other words, the  coating delayed the  ripening reflected 
by  lower SSC of  banana fruits. For the  coated samples, 
the SSC of  the G3  sample was the  lowest from the 4th day 
of storage (Figure 5). Obviously, the content of gelatin had 
a  significant impact on the  SSC of  the  samples. SSC de-
creased when the amount of  gelatin in  the  coating formula 
increased. This result was in  agreement with Moreira et  al. 
[2021], who reported gelatin-starch coated guavas had lower 
SSC during storage than the control sample.

Titratable acidity 
The organic acids were oxidized by the respiration process 

in climacteric fruits. As a result, the TA was decreased during 
storage time [Moreira et al., 2021]. The results showed that 
TA of the samples increased gradually until it reached the peak 
and then sharply decreased with fruit maturation (Figure 6). 

Many organic acids such as malic (a principle acid), citric, 
oxalic, and tartaric acids are present in banana fruit. Oxalic 
acid caused astringent taste whilst malic and citric contributed 
to the tartness of banana fruits [Seymour,1993]. The content 
of these acids decreased during ripening due to their use as 
substrates for respiratory enzyme reactions [Seymour,1993]. 
This phenomenon may have occurred in our experiment since 
TA and  respiration correlated significantly (Figure  3 and 
Figure  6). The  results agreed with the  finding of  Márquez 
Cardozo et al. [2015] showing that TA was related to the re-
spiratory rate. Interestingly, the coating showed a reduction 
in the respiration rate, therefore delaying the decline in acid-
ity. Furthermore, the higher the gelatin content in  the  coat-
ing solution was, the  longer it  took to reach the  TA peak 
and the  lower the TA reduction of banana fruits (Figure 6). 

If gelatin is added to the coating, it bonds together to form 
a gelatin network, reduces the holes for air to pass through, 
forms a denser polymeric matrix and increases the resistance 
to gas permeability [Fakhouri et al., 2012].
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Reducing sugar and total carbohydrate contents
After harvesting, reducing sugar content of  unripe ba-

nana fruit was very low (0.3  mg glucose/g FW). How-
ever, the  content of  reducing sugar raised to 80–111  mg 
glucose/g FW when the  fruit ripened (Figure  7). Reducing 
sugars in ripened bananas were mainly glucose and fructose 
[Maduwanthi &  Marapana, 2017]. The  activity of  amylase 
in  banana led to the  hydrolysis of  starch into soluble sug-
ars. In  this study, reducing sugar contents were ordered as: 
control=G0=G1>G2>G3  after 8  day of  storage. This re-
sult was due to the effect of the coating, which contributed to 
the reduction of the respiration rate and ethylene production, 
resulting in the starch hydrolysis taking place slowly [Thakur 
et  al., 2019]. Additionally, increasing the  ratio of  gelatin 
in coating composition was beneficial in reducing the content 
of reducing sugars and carbohydrates. This finding was sup-
ported by Gol & Rao [2014] study, which found that gela-
tin-based coatings were more effective at delaying ripening 
and maintaining fruit quality.

Total carbohydrate content in  all samples tended to de-
crease gradually during 8 days of storage (Figure 8). The to-
tal carbohydrate contents at 8th-day storage were sorted as: 
control<G0<G1=G2<G3. Interestingly, in  this study, the 
carbohydrate contents were negatively correlated to the max-
imal value of  respiration rates. During ripening, starch and 
pectin were degraded. Especially, starch was hydrolyzed to 
simple sugars which are the  main substrates for respiration 
[Gol &  Rao, 2014]. A  rapid increase in  the  respiration rate 
in banana fruits results from the loss of starch and sugar. Ac-
tually, the respiration process converted glucose into CO2 gas 
[Elhadi et al., 2019]. Thus, these phenomena were good expla-
nations for the loss of total carbohydrates in our study. This 
result was consistent with the  respiration rate results shown 
in Figure 3, where the coatings reduced the  fruit respiratory 
rate, and the effect was enhanced with the addition of gelatin.

Starch content
The starch content of all banana samples was very high 

during the  first days of  storage (Figure  9). The  persistence 
of  a  blue/black coloration after dyed with an iodine solu-
tion in  the  coated fruit compared to the  control indicates 
delayed ripening. During the  ripening, it  sharply decreased 
until no  starch was detected in  the  fruit. The  rate of  starch 
breakdown was much greater in control fruits (p<0.05) where 
100% starch degradation was recorded at the  end of  day 6 
(no  blue/black color). However, at the  same storage time, 
the  values were, 16.1%, 38.9%, 44.3%, 88.6% for G0, G1, 
G2 and G3 sample, respectively. Interestingly, the coated sam-
ples (G1, G2, G3) still had the presence of starch in the ba-
nana pulp after 8 days of storage. 

Most of  the  carbohydrates in  unripe bananas were 
in the form of starch, which was hydrolyzed into sucrose then 
glucose and fructose during the short period of ripening [Gol 
& Rao, 2014]. The conversion of starch into sucrose during rip-
ening was a complex process but the main pathway for starch 
degradation was described by Terra et al. [1983]. Starch con-
tent was extremely high in unripe fruit. It was rapidly reduced 
as a result of respiration, down to less than 1%. On the other 
hand, sucrose gradually increased until reaching its peak.
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FIGURE 9. Images of the cross-section of the bananas after dyeing with an iodine solution and starch content in bananas (% of black-blue area (starch) 
to cross-section area). Bananas were coated by dipping in solutions of electrolyzed cassava starch (G0), electrolyzed cassava starch with 1, 2 and 3% 
(w/v) gelatin (G1, G2 and G3, respectively) and uncoated fruits (control) and stored for 8 days.

Data were shown as mean ± standard deviation; different letters in the same row indicate a statistically significant difference, p<0.05.
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Moreover, the images showed that starch began to degrade 
in the central core of banana pulp and toward the outside dur-
ing the ripening (Figure 9). It could be observed that the initial 
active enzyme area was not random due to the higher sensitiv-
ity of interior starch granule to degradation by enzyme [Terra 
et al., 1983]. The breakdown of starch into sugar was more 
clearly observed at the cross-section of banana fruit. This was 
due to a sharp increase of ethylene on the pulp-peel interface 
[Yun et al., 2019]. This finding demonstrated that the semi- 
-anaerobic environment formed by surface coating decreased 
the activity of starch degrading enzyme and the effectiveness 
was enhanced with increasing concentration of gelatin.

CONCLUSION

In this study, the coating made from electrolyzed cassava 
starch and  gelatin was effective in  delaying banana ripen-
ing. The coating formulation showed good resistance to gas 
migration. The addition of gelatin in oxidized starch coating 
enhanced its ability to diminish respiratory intensity. Overall, 
the coating treatment with gelatin 3% (w/v) proved the most 
effective when it  could prolong shelf life more than 2  times 
compared to the  control sample. The  electrolyzed cassava 
starch-gelatin coating could be a potential material to increase 
the shelf life of banana as well as other climacteric fruits.
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