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Abstract Composite films comprising modified corn

starch and gelatin were developed using a solvent casting

technique. The effect of varied content of citric acid and

gelatin on the functional properties of the corn starch and

composite films, respectively, was investigated. Modified

corn starch films enriched with 5% citric acid presented

excellent film properties like solubility, swelling index,

water vapor permeability, and mechanical property as

compared to other films. Similarly, composite films enri-

ched with a ratio (4:1) also exhibited excellent film prop-

erties like mechanical and opacity than other composite

films. FTIR results confirmed the cross linking among the

modified corn starch chains, which is responsible for the

enhancement in the film properties. From SEM results, it

was noticed that the modified corn starch films exhibited

slightly rougher, less shiny than the composite films.

Efficacy of the composite solution as a coating formulation

in terms of the quality and shelf life of the cucumber

investigated. From the results, it was noted that the com-

posite film forming solution as a coating formulation has

the potential to extend the shelf-life of the cucumbers

additionally up to 16 days.

Keywords Citric acid � Cross-linking � Gelatin �
Composite film/coating � Shelf life � Cucumber

Introduction

Natural polymers have obtained substantial interest as an

alternative food packaging film to synthetic polymers,

which are derived from renewable resources such as potato,

corn, and rice, carboxymethylcellulose (CMC), hydrox-

ypropyl methylcellulose (HPMC), and Ethylcellulose (EC),

gelatin, whey, soy, and casein. Renewable polymers were

utilized to prepare food packaging, coating, and wrapping

(Siracusa et al. 2008; Kumar et al. 2019b). The films could

protect food against physical damages, water vapor, gas,

and light migration and thus improves the food integrity,

quality, and shelf life. Among all natural polymers, uti-

lization of starch and gelatin are justified because of their

low cost, easy availability, renewability, and non-toxic

nature (Jaing et al. 2020). These qualities make them useful

raw material for the fabrication of packaging films (Shah

et al. 2016). Natural polymeric properties need to validate,

once validated, the possible application of these polymers

in the packaging in different fields may be raised. Before

their applications in food packaging, these films must have

desired mechanical and moisture and light barriers.

According to the obtained outcomes, starch and gelatin-

based coating/films exhibited inferior moisture barrier and

mechanical property, which limit their application in the

food packaging (Basiak et al. 2017). To overcome these

problems, many approaches, such as chemical and physical

modifications, have adopted to improve the functional

properties of the starch film and made it more competent to

use extensively in the food packaging industry. For

example, citric acid, oxidized sucrose, glutaraldehyde, and

boric acid effectively utilized as cross-linking agents and

significantly improve the functional properties of the films

(Xu et al. 2015; Yin et al. 2005). In the present study, citric

acid was utilized as a cross-linker, which was the most
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appropriate cross linking agents due to some crucial qual-

ities such as non-toxic, readily available, and low cost. It

also has excellent capability to enhance the functional

properties of natural food packaging films due to its multi

carboxyl groups in the structure (González et al. 2016;

Menzel et al. 2013).

Consequently, film properties such as the barrier of

water and light, mechanical properties, and solubility of the

film greatly improved (Reddy and Yang 2010). However,

alone citric acid is not capable of enhancing enough

mechanical properties of the films. Therefore, Gelatin was

used as a filler, which is hydrophilic, obtained from col-

lagen by hydrolysis, and exhibited excellent film-forming

properties (Al-Hassan and Norziah 2012). Besides, it also

showed other beneficial properties, such as excellent

compatibility and film-forming properties. Therefore it is a

biopolymer alternative for the development of composite

films (Yamashita et al. 2018). No such observation was

reported about the fabrication of the composite film and

coating using modified corn starch and gelatin. Therefore,

this work was undertaken to study the impact of gelatin and

citric acid on the functional properties such as mechanical,

optical, and barrier of corn starch films.

Experimental

Materials

Corn starch, citric acid, calcium chloride, and gelatin were

purchased from Loba Chemical (Mumbai, India). Sorbitol

was obtained from HiMedia (Mumbai, India). All chemi-

cals were of analytical grade.

Preparation of gelatin solution

Gelatin (8% w/v) and sorbitol (25% w/w of total gelatin

mass) were mixed with continuous stirring using magnetic

stirrer in 100 mL distilled water for 3 min. Then the

solution was heated with constant mixing at 60 ± 1 �C
until complete mixing of gelatin in the distilled water.

Preparation of modified starch solution

Corn starch was modified using citric acid as a cross-

linking agent, as described earlier (Kumar et al. 2019a).

Starch (3% w/v) and citric acid (0.5 to 7% w/w) were

dissolved using magnetic stirrer in 100 mL distilled water

and then heated at 90 ± 1 �C for 20 min. After that, sor-

bitol (25% w/w of total starch) was mixed in the solution

and maintained the same conditions for the next 10 min.

Homogenization and degassing were done using a

homogenizer and vacuum oven Preparation of composite

films.

A series of the composite films based on modified corn

starch and gelatin was developed by casting approach at

ratios of 1:1, 1:4, and 4:1. Prepared solutions were

homogenized at 5000 rpm for 2 min, followed by degas-

sing of solutions using a vacuum oven for 2 min.

Homogenized solutions pored evenly on a petri dish, and

then allowed them to dry at 25 ± 1 �C for 24 h.

Characterization

Film thickness

The thickness of each modified corn starch and composite

films were measured using a digital micrometer with an

accuracy of ± 0.001 mm (Mitutoyo, Japan) at six different

points.

Moisture content

Samples with dimensions (2 9 2 cm2) were isolated from

the films and measured the weight of all samples (w1).

Isolated samples were dried at 105 ± 1 �C for 24 h, and

weighed (w2). Moisture content (MC %) was calculated

using Eq. (1).

Moisture content ð%Þ ¼ w2 � w1

w1

� 100 ð1Þ

whereas, w1 and w2 are the initial and dried weight of

the samples, respectively.

Swelling index

Samples with dimensions (2 9 2 cm2) were heated at

105 ± 1 �C for 24 h and weighed (MD). Preheated samples

were immersed in 20 ml distilled water at 25 ± 1 �C for

2 min. After that, swelled samples were weighed (MS) after

partial removal of surface water using filter paper. Equa-

tion (2) was utilized to determine the amount of water

soaked in terms of the swelling index (SI %) of the samples

Swelling Index ð%Þ ¼ MS �MD

MD

ð2Þ

whereas, MS & MD are the weights of soaked samples

and dried samples, respectively.

Solubility

The solubility of all samples was determined in terms of

the percentage of undissolved samples at 25 ± 1 �C after

24 h. In short, prepared samples with dimensions (2 9 2

cm2) were heated in a hot air oven at 105 ± 1 �C for 24 h
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and weighed (Wo). Dried samples were soaked in 15 ml

distilled water for 24 h at 25 ± 1 �C. All swelled samples

removed and dried again at the same temperature for the

next 24 h and weighed (w1) again. Equation (3) was used

to evaluate the solubility of samples.

Solubility ð%Þ ¼ w0 � w1

w0

� 100 ð3Þ

whereas W0 & W1, are the initial and final dried weight

of samples, respectively (Wang et al. 2017a).

Water vapor permeability

Water vapor permeability of the modified starch and

composites films was calculated according to the described

approach by Kumar et al. (2019a, b). In brief, prepared

samples were put on the mouth of the modified beaker

containing pre-dried calcium chloride at 105 ± 1 �C for

24 h and sealed with vacuum grease. All modified beakers

with samples were placed in a desiccator containing dis-

tilled water. The desiccator was placed in an incubator at

25 ± 1 �C. Weight gain of all modified beakers was

recorded every 24 h. Equation (4) was applied to deter-

mine the water vapor permeability (WVP) of the samples.

Water vapor permeability ¼
Dw
Dt � x

AðP0 � P1Þ
ð4Þ

whereas Dw
Dt & x are the weight increment of samples on

modified beaker with time and thickness of the film,

respectively, and A & (P0-P1) are the area of a modified

beaker and the pressure difference between outside and

inside the modified beaker, respectively.

Opacity

The opacity of the modified starch and composite films

were assessed by the Hunter Lab colorimeter (Color Flex

EZ, Hunter Lab, USA). Film opacity (OP %) was evaluated

by Eq. (5)

Opacity ð%Þ ¼ OP1

OP2
� 100 ð5Þ

whereas: OP1 & OP2 are the opacity of the film samples

against a black and white background, respectively.

Mechanical property

Mechanical property in terms of the tensile strength (TS)

and breaking strain (E %) of both modified starch and

composite films were evaluated with the Texture Analyzer

(TA.XT Plus, Stable Microsystems) with 0.5 mm/s cross-

head speed. In brief, all samples (1.5 cm wide, 7 cm long)

were isolated from the preconditioned films at 58 ± 1%

RH for 72 h. Samples were fixed on the sample holder with

an initial gap of 50 mm. Equations (6) and (7) were uti-

lized to measure tensile strength (MPa) and breaking strain

(%) of the films.

Tensile Strength ðMPaÞ ¼ Fm

Af

ð6Þ

Elongation ð%Þ ¼ l1 � l2

l1
� 100 ð7Þ

whereas FM is the maximum force, Af is an area of the

sample (Thickness Width). li & lf are the initial and final

gaps between the grips, respectively.

FTIR analysis

FITR analysis was carried out to know structural interac-

tions among citric acid and starch molecules using FTIR

spectroscopy with a resolution of 4 cm-1 (Shimadzu -

8400, Japan) Standard method was chosen to perform the

test in the scanning range of 500–4000 cm-1, accelerating

voltage of 10 kV.

Scanning electron microscopy (SEM)

SEM analysis was conducted to know the surface morphol-

ogy of the films using SEM (JEOL JCM-6000 BENCHTOP,

JEOL Ltd, Japan). The standard procedure was adopted to

perform the test with an accelerating voltage of 10 kV.

Images were captured at different magnification from

1009 up to 50009 with a spot size of * 2 nm.

Assessment of the film forming solutions as coating

formulation

Optimized composite film-forming solution was tested as

coating formulation on the fresh cucumbers, and measured

shelf life and quality along with the storage. The selection

of cucumbers for storage study was made based on their

color, size, and shape. Selected cucumbers were coated

with a coating formulation using a dipping approach.

Similarly, uncoated cucumbers were treated as control

samples. Both coated and uncoated cucumbers were stored

at controlled conditions and then assessed the shelf life and

qualities add up to 16 days. Physicochemical properties,

namely color, flavor, texture, and nutritional value of

cucumbers, were evaluated using well-described standard

methods with necessary changes.

Statistics

The results of the film properties, such as thickness,

moisture content, water vapor permeability, opacity,
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swelling index, and mechanical properties, were analyzed

using ORIGIN 8 software. P\ 0.05 was assumed to be a

significant difference.

Results and discussion

Film thickness

Figure 1a illustrates that thickness was slightly increased in

response to a rise in citric acid content from 0.5–7% w/w in

the film. From the results, it was shown that the film

thickness was not significantly (P[ 0.05) increased as

citric acid content in the corn starch films increased.

Similar trends and discussions about the effect of citric acid

on the thickness of the films were documented by (Kumar

et al. 2019a). Enhancement in the film thickness may be

assigned to the role of citric acid in the restructuring of

intermolecular attractions among the starch chains.

Besides, citric acid enhanced solid content in the film and

increased the thickness of the film (Wu et al. 2019).

Moisture content

The impact of various contents of citric acid on the mois-

ture content of corn starch and unmodified corn starch films

was depicted in Fig. 1a. The addition of citric acid resulted

in a noticeable difference (P\ 0.05) in the moisture con-

tent. Modified corn starch had relatively lower moisture

content in comparison with unmodified corn starch. From

Fig. 1a, moisture content of the film diminished with

increasing citric acid content and attained a minimum

moisture content value at 5% w/w citric acid content, then

slightly increased at 7% w/w citric acid content due to

plasticizing effect of unreacted citric acid. Our outcomes

follow the same trend and discussion reported by (Tesfay

et al. 2020). Reduction in the moisture content with the

increased citric acid content was confirmed due to the rise

Fig. 1 Impact of citric acid content on corn starch film on a thickness & moisture content, b swelling index & opacity, c water vapor

permeability & solubility, and d tensile strength & elongation
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in the crosslinking in the starch matrix, which diminishes

the molecular interaction among water and starch network

(Ghanbarzadeh et al. 2011).

Swelling index

Swelling index values of corn starch and modified corn

starch film are shown in Fig. 1b. The swelling index of

corn starch films was noticeable (P\ 0.05) decreased by

the incorporation of varied contents of citric acid. As the

content of citric acid in the corn starch films provoked from

0.5 to 7%, the swelling index of corn starch decreased

(Fig. 1b). Das et al. (2010) also reported a decrease in the

swelling with the addition of cross linking agents in the

starch/poly (vinyl alcohol) films. Besides, modified corn

starch film enriched with 5% citric acid had the lowest

swelling index value than other modified corn starch and

unmodified corn starch films. Improvement in the swelling

index is mainly due to cross linking among the starch

chains, which occurs due to the esterification reaction

between functional groups of starch (–OH) and citric acid

(–COOH). This, in turn, diminished water molecules

interaction with the film, leading to a decrease in the

swelling index of the films (Ghanbarzadeh et al. 2011).

Opacity

Opacity is an essential property in choosing suitable food

packaging films. For most food applications, films with

good opacity provide high light resistance, and thus it helps

to improve the shelf-life of light-sensitive food materials.

Opacity values of corn starch films with and without citric

acid are presented in Fig. 1b. The addition of citric acid

significantly (P\ 0.05) improved the opacity of the corn

starch films. Films opacity enhanced, as citric acid content

increased. A similar observation was reported in our pre-

vious work (Kumar et al. 2019a) regarding the impact of

citric acid on the opacity of the films. Although the mod-

ified corn starch films enriched with 5% citric acid

demonstrated opacity as compared to other films.

Improvement in the opacity of corn starch films was

strongly connected with the arrangement of starch chains in

the films. Due to cross linking, the crystallinity of starch

decreased. This, in turn, enhances light diffusion through

the film matrix, and thus transparency of the films

increased (Ghanbarzadeh et al. 2011).

Solubility

Figure 1c illustrates the solubility of corn starch and

modified corn starch films. The films with high solubility

are not suitable to use as food packaging. Therefore, it

should be minimized as small as possible (Bourtoom and

Chinnan 2008). Solubility was noticed to be impacted by

the presence of citric acid. As citric acid content was

added, significant improvement (P\ 0.05) in the solubility

of the film was noticed. The solubility of corn starch film

decreased when citric acid content increased. The results

are in accord with documented works related to cross

linking by L-ascorbic acid with wheat starch (Majzoobi

et al. 2012). The difference in solubility between modified

corn starch and unmodified corn starch is directly con-

nected with strong interactions between starch chains due

to cross linking. The enhanced interactions within starch

chains due to the esterification reaction retained the

integrity of modified corn starch film, thus preventing the

leaching of water molecules into the starch matrix (Menzel

et al. 2013).

Water vapor permeability

Water vapor permeability was measured for corn starch

films with and without citric acid and displayed in Fig. 1c.

The films with insufficient moisture barrier resistance

might induce severe problems in food quality, such as loss

of textural integrity caused by moisture gain or moisture

loss. From Fig. 1c, it was noticed, There was no noticeable

difference (P\ 0.05) in the water vapor permeability

among modified and unmodified corn starch films. As the

content of citric acid enhanced from 0.5 to 5% in the corn

starch film, water vapor permeability diminished. The corn

starch films enriched with 5% citric acid exhibited the

lowest water vapor permeability compared to other films.

As the content of citric acid increased from 5 to 7% w/w,

unused citric acid in the films acted as a plasticizer.

According to earlier work, cross-linked faba bean starch

films had the highest opacity as compared to faba bean

starch films (Sharma et al. 2020). Citric acid with several

free carboxylic groups acts as a cross linker, which possi-

bly reacts with free hydroxyl groups of starch via esterifi-

cation reactions, inducing strong interactions among the

starch chains. Induced interactions not only enhance the

film strength but also produce a more compact structure.

These also decrease the hydrophilic accessible sites,

guiding to an improvement in the moisture barrier capacity

of the film (Menzel et al. 2013).

Mechanical property

Packaging film protects food material against physical

damages and contamination until the food is consumed. So,

it becomes necessary to check the tensile strength and

elongation of the packaging films before its application.

Figure 1d showed tensile strength and elongation of mod-

ified and unmodified corn starch films. As the content of

citric acid increased from 0.5% to 7%, tensile strength
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significantly (P\ 0.05) improved. At the same time,

elongation diminished. Kumar et al. (2019a, b) presented

that the tensile strength of the starch films grew with

raising the citric acid content. Improvement in the tensile

strength of the corn starch films may be associated with

cross linking in the starch chains, which caused an increase

in the compactness of the films. As a result, mobility

between the starch molecules in the modified starch films

decreased, leading to decrease elongation. The unreacted

citric acid in the films increased mobility among the starch

chains. Consequently, the tensile strength of the films

diminished (Ghanbarzadeh et al. 2011).

Composite films

Film thickness

Figure 2a exhibits film thickness values of composite films

enriched with varied contents of gelatin. Outcomes of film

thickness showed that as gelatin content in the composite

films enhanced, the film thickness increased. The com-

posite films enriched with ratio 4:1 exhibited the lowest

thickness than other composite films. Similar behavior and

trend were reported by Yamashita et al. (2018). The dif-

ference in the thickness of the composite films may be

associated with the increased dry mass content in the

composite films (Fakhouri et al. 2015).

Moisture content

The moisture content values of different composite films

with varying gelatin content are shown in Fig. 2a. As can

be seen, the moisture content values of the composite films

are slightly higher than modified corn starch films. Besides,

regardless of gelatin content in the composite films, MC

gradually enhanced. Acosta et al. (2016) reported that the

addition of gelatin to the film increased the moisture con-

tent of the composite films. The composite films enriched

with ratio (4:1) presented minimum moisture content than

other composite films. Earlier research work discussed the

reason for high moisture content values received for

composite films of starch and gelatin by the formation of

hydrophilic materials. So, the water affinity of composite

films enhanced, causing to raise the moisture content val-

ues (Fakhouri et al. 2015).

Swelling index

Swelling index values of the composite films enriched with

varied contents of gelatin are presented in Fig. 2b. The

swelling index of the composite films was tended to pro-

voke the rise in gelatin content. The composite films loaded

with ratio 4:1 had the lowest swelling index value than

other composite films. According to Yamashita et al.

(2018), the blending of gelatin supplies more active loca-

tions by uncovering it hydrophilic functional groups in

which water molecules can be easily engaged. This out-

come can be interpreted by the presence of hydrophilic

materials in the composite films, arriving from both gelatin

and modified corn starch. The presence of gelatin resulted

in the composite film with a higher swelling index due to

higher water activity in the films, which are responsible for

increasing the swelling index of the composite films

(Fakhoury et al. 2012).

Opacity

Food packaging materials with high opacity are suitable for

light sensitive food materials that might be suitable to

protect food materials from light. Figure 2b presents the

opacity values of the composite films comprising varied

ratios (1:1, 4:1, and 1:4) of modified corn starch and

gelatin. Addition of various contents of gelatin remarkably

improved the opacity of the composite films. The com-

posite film comprising with ratio 4:1 had the highest

opacity values than other composite films. Acosta et al.

(2016) noticed a similar variation in the optical properties

of the starch films with the addition of gelatin and essential

oil. Besides, higher levels of gelatin content might be

diminished opacity due to its amorphous nature.

Improvement in the opacity of composite films could be

associated with excellent compatibility among the modified

corn starch and gelatin in the composite films, which

induces more haziness in the films, guiding to increase the

opacity (Wang et al. 2017b).

Solubility

Solubility is an essential parameter to choose materials for

application in food packaging. The packaging films with

low solubility are needed to provide better water resistance

and also improved the shelf life of food materials. The

solubility values of all composite films were illustrated in

Fig. 2c. Incorporation of gelatin enhanced solubility of the

modified corn starch films. The composite films with ratio

4:1 exhibited the lowest solubility than other films. A

similar explanation was reported by Sanyang et al. (2016),

regarding the effect of plasticizer content on the solubility

of the films. Due to hydrophilic nature, gelatin plays an

essential role in increasing water activity by promoting the

free space in the polymer matrix. This, in turn, helped

water diffusion into the film matrix and, consequently, the

solubility of composite films enhanced (Wang et al.

2017c).

J Food Sci Technol

123



Water vapor permeability

Figure 2c presents water vapor permeability of composite

films enriched with varied contents of gelatin. Water vapor

permeability is a function of solubility and water molecules

diffusivity of the films. From the findings, it was seen that

modified corn starch displayed the lowest water vapor

permeability than composite films. As gelatin content was

increased, water vapor permeability of the modified starch

films increased. The composite films with the ratio (4:1)

showed the lowest WVP compared to other composite

films enriched with ratios 1:1 and 1:4. Gelatin acts as a bad

moisture barrier because of its hydrophilic nature and

helical structure. Due to their both characteristics, it was

responsible for slightly raised in water vapor permeability

of the composite films (Fakhoury et al. 2012).

Mechanical property

Tensile strength and elongation of the all-composite films

are shown in Fig. 2d. From results, it was noticed that the

tensile strength of the composite films improved, as gelatin

content increased. At the same time, elongation decreased.

Similar outcomes were seen by Tongdeesoontorn et al.

(2012) in the preparation of starch and gelatin film. The

composite films loaded with ratio 4:1 had the highest ten-

sile strength than other composite films. The results may be

discussed by the fact that the blending of gelatin in the

modified corn starch film effectively induced strong inter-

facial interaction via the growth of hydrogen bonding

among the modified corn starch and gelatin molecules. As

a result, tensile strength significantly improved. If more

gelatin content was added ([ 1:4), the excess amount of

gelatin content in the films slightly diminished the tensile

strength. This was happened due to intramolecular bonding

Fig. 2 Impact of gelatin content on the composite film on a thickness & moisture content, b swelling index & opacity, c water vapor

permeability & solubility, and d tensile strength & elongation
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rather than intermolecular among the film components

(Alves et al. 2015).

FTIR analysis

FTIR spectra of the corn starch and modified corn starch

films are illustrated in Fig. 3a, b. Broad peaks in the range

of 3235.84–3246.18 cm-1 were linked to the stretching

and vibration of the hydroxyl group. Other peaks in the

range of 1628.17–1635.85 cm-1 were designated as swel-

ling of the starch films with water absorption (Shi et al.

2007). A peak at 1078.32 cm-1 indicated the stretching

vibration in the C–O and C–O–C due to the hydrolysis of

the starch films. Contrastingly, the addition of citric acid to

the starch film resulted in some changes in the FTIR

spectra of modified corn starch film. A new peak was

noticed at 1723.59 cm-1, which represented due to C=O

stretching vibration (Wilpiszewska et al. 2019). This phe-

nomenon indicates that cross linking between starch chains

occurred (González et al. 2016). Some peaks in the range

between 990–1350 cm-1 indicate stretching in glycosidic

due to hydrolysis with citric acid (Reddy and Yang 2010).

Scanning electron micrographs analysis

The SEM images of modified corn starch and composite

film were studied to know the homogeneity and compati-

bility of the prepared film (Fig. 4a, b). The surface of the

modified corn starch films appeared homogeneous, non

porous, and slightly rough. Similar outcomes were noticed

by (Sharma et al. 2017). The addition of gelatin to the

modified corn starch films helps to improve the cohesive-

ness among the starch components. Therefore, composite

films demonstrated a relatively shiny, smoother, compact,

and homogeneous structure, as shown in Fig. 4c, d.

Besides, no evidence of phase separation in the composite

film was seen, indicating excellent compatibility among

gelatin and the modified corn starch in the composite films.

Similarly, Ávila-Martı́n et al. (2020) did not observe phase

separation in composite film comprising with starch, citric

acid, and whey protein isolate.

Assessment of film forming solutions as coating

formulation

The possible potential applications of the composite film

forming solution for coating on cucumber was successfully

done and then stored at 25 ± 1 �C. Images of both coated

and uncoated cucumbers were regularly captured during

the storage period, as displayed in Fig. 5. From the results,

it was observed that coated cucumbers were still fresh, and

their surface was green and smooth without any significant

color variation. Color variation in terms of L*, a*, and b*

along the storage period, as presented in Table 1.

According to Table 1, the L* value of color parameters was

diminished during the storage period. Coated cucumbers

exhibited a higher shiny (L* = 66.2) than uncoated

cucumbers (L* = 47.5) at the end of the storage period

(Table 1). It was also noted that coated cucumber retained

green color during the storage by retarding oxidative or

enzymatic browning. A small variation in a* values

(- 58.6 to - 58.3) and b* values (9.8 to 9.3) during the

storage period cucumbers noticed compared to uncoated

cucumbers. Slow changes in the color of coated cucumber

were associated with a slow migration rate of gases through

the coating, which affected the respiration rate during the

storage period.

Coated cucumbers exhibited relatively lower weight loss

compared to uncoated cucumbers (Table 1). It may be due

to that composite coating solution created a semi-perme-

able layer around the cucumber which permitted passage of

specific gases and created a modified atmospheric condi-

tion around the cucumber. Our results also supported by

Montañez (2017), where the moisture loss during the

storage at room temperature can be retarded by coating

with guar gum.

The firmness of cucumber is an important parameter that

affects the overall acceptability of cucumber. According to

Table 1, coated and uncoated cucumbers firmness dimin-

ished during the storage period. Initially, coated and

uncoated cucumbers firmness were 12.5 N and 10.4 N,

respectively, which fell to a minimum value of 11.5 N and

7.6 N at the end of storage. Reduction in firmness is linked

with moisture loss from vegetable cells to the environment

during the storage period, which is believed as the main

factor for textural changes. Coating formulation exhibited

minimum moisture permeability, guiding to a minimum

loss in the moisture of cucumber. Consequently, the firm-

ness of coated cucumbers was not significantly decreased

over the storage. This tendency is consistent with the

previous results regarding improved shelf life and firmness

Fig. 3 FTIR spectra of (a) corn starch and b modified corn starch film
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of fruits and vegetables using a coating (Olufunmilayo and

Uzoma 2016).

Table 1 illustrated that the pH of both coated and

uncoated cucumbers increased during the storage period.

However, a slow increment in the pH of the coated

cucumber than uncoated cucumbers was noticed. Gradual

enhancement in the pH of coated cucumbers might be

associated with low metabolic and respiration rate due to

coating. Our findings matched with published studies who

have described that a raise or decrease in pH depending

upon the type of vegetables (Adetunji et al. 2013). This

indicated that coating enhanced the shelf life of cucumbers

without any significant loss in cucumber qualities added up

to 16 days.

Fig. 4 SEM images of citric

acid modified corn starch (a and

b) and composite film (c and d)

Fig. 5 Effect of modified corn

starch-gelatin based coating

solution on colour of coated and

uncoated cucumbers during the

storage
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Conclusion

The composite film and coating solution based on modified

corn starch and gelatin were successfully prepared. The

coating on the cucumber was also successfully achieved

using a dipping method. From the results, it was noted that

as citric acid content raised, the main functional properties

of corn starch film increased. FTIR outcomes confirmed

improvement in the film properties via cross linking using

citric acid. Similarly, the mechanical and optical properties

of the films increased, as gelatin content in the modified

corn starch films increased. SEM images confirmed that

composite films were more smooth and shiny than modified

corn starch films. Outcomes of storage study indicated that

weight loss, texture, color, and pH of coated cucumbers

were better than an uncoated cucumber. It was also

exhibited that coating materials potentially enhanced the

shelf life of cucumbers added up to 16 days. This novel

research approach illustrated a novel composite solution

that might be used as coated materials for different veg-

etables and fruits.
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