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Abstract In this work, citric acid (CA) modified starch/

gelatin composite films were prepared by mixing modified

starch and gelatin in different proportions (1:0, 1:1, 1:4, 4:1

and 0:1). Blending of chemically modified starch with food

grade CA and gelatin as second polymers were studied as a

new and novel approach for fabrication of eco-friendly

composite films with excellent packaging properties. Taking

considerations of improvement in functional properties of

the films, a series of starch films were derived using CA–

starch and gelatin using solution casting approach. Influence

of CA (0.5%, 1%, 3%, 5% and 7% w/w of total starch) on

functional properties (moisture content, solubility, swelling

index, moisture migration rate, moisture absorption, opacity

and mechanical properties) were studied. FTIR and SEM

analysiswere utilized to characterize the interaction between

the starch chains and surface morphology of films. Findings

revealed that functional properties (aqueous solubility,

swelling index, andmoisture barrier properties) significantly

(p\ 0.05) improved as CA content increased. Composite

films with CA–starch/gelatin of the ratio (4:1) revealed

excellent functional properties. FTIR spectra illustrated

strong interaction between the starch chains in the starch

films. SEM analysis showed that gelatin exhibited good

compatibility in the composite films. Therefore obtained

composite films possessed a homogenious, dense and com-

pact networks. In conclusion, CA and gelatin made better

starch film properties and broadened the potential applica-

tions in the food packaging.

Keywords Potato starch � Gelatin � Citric acid � Film
property � Composite film

Introduction

Last two decades, the population and urbanization in the

developing countries have been increased. Therefore con-

sumption of petroleum-based synthetic packaging materials

has been exponentially enhanced for different applications.

Besides due to the reduction of the petroleum resources and

impact of social awareness on food quality and safety, it

has become necessary to search alternative natural and

renewable resources. Therefore, there is an urgent demand

to develop environment friendly and biodegradable poly-

mers from renewable resources such as agricultural waste,

marine waste, and food industry waste. In addition, these

polymers can be used as edible films or coatings which

may improve shelf life and quality of fruits and vegeta-

bles by controlling the respiration rate and metabolism. So,

these polymers have been believed as sustainable options

for many synthetic polymers (Caz 2017). Starch is a low-

cost polysaccharides polymer that is originated from

renewable resources and it has abundant resources in nat-

ure (Singh et al. 2009). Due to the film forming nature of

starch, it is used to make biodegradable polymers that have

capabilities to replace petroleum-based packaging materi-

als in future (Fai et al. 2016). Along with many advantages,

hydrophilicity, brittle nature and low mechanical strength

limited the use of that film in the food packaging and in

many other areas. To deal with these problems, there are

many options to eradicate these hindrances. Generally,
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various methods such as chemical and physical methods

are recommended to reduce these hindrances. In physical

modification, there is a blending of many polysaccharides,

proteins, resins, fillers and nanoparticles etc. with starch to

enhance the properties of the film. However, obtained films

develop some drawbacks such as hydrophilicity, poor

water barrier property, and water solubility compared to

synthetic polymers, which indicates the demand for

inventing new techniques for creating a hydrophobic film

or cross-linked structure that might enhance the functional

properties of the starch film (Oleyaei et al. 2016). In order

to overcome these problems, chemical modifications in the

structure of polysaccharides and proteins (starch, cellulose,

gelatin and soy etc.) are done to enhance the cross-linking

in the matrix by using many cross-linking agents such as

boric acid and oxidized sucrose etc. that help to enhance

the properties of polysaccharides films (Xu et al. 2015). CA

cross-linked starch film showed good tensile and barrier

properties and also enhanced water solubility but showed

low extensibility of the film. Film properties can be

improved by interaction between the carboxyl groups of

citric acid and the hydroxyl groups on the starch. More-

over, few cross-linking agents are not used in food pack-

aging due to its toxicity which results in environmental

pollution. Among all cross-linking agents, citric acid (CA)

is the appropriate crosslinker because of its non-toxicity,

cheap and capabilities to improve the film functional

properties (Menzela et al. 2013). Protein plays a vital role

in the food industries and widely consumed for different

applications. Gelatin is the renewable source, obtained

from collagen by catalytic hydrolysis. Gelatin is different

from other polymers as a fully digestible protein, con-

taining nearly all the essential amino acids, except trypto-

phan (Otoni et al. 2017). Recently, gelatin is increasingly

gaining popularity due to their high nutritional values and

film forming properties (Acosta et al. 2015). In the current

work, mixing and laminating of modified potato starch and

gelatin was presented to develop the composite films using

casting method which is a current trend to form new bio-

composites materials. They showed the better film forming

properties than the single polymers film (Inge 2007; Wang

et al. 2014). Main purpose of the current work was to

evaluate the statistically significant influence of citric acid

and gelatin on the functional properties of starch film such

as thickness, moisture content, swelling index, solubility,

opacity, mechanical and moisture barrier properties.

Materials

Food grade potato starch, citric acid, lithium chloride,

potassium acetate, magnesium chloride ammonium nitrate,

magnesium nitrate, sodium chloride and potassium

chloride and gelatin were purchased from Loba chemical

(Mumbai, India). Sorbitol was obtained from HiMedia

(Mumbai, India). All chemicals were of analytical grade.

Preparation of gelatin solution

Biopolymers with plasticizers were utilized to develop the

films by following the procedures reported by Tao et al.

(2018). The gelatin solution was prepared by mixing

gelatin (8 g) and sorbitol (25% w/w total gelatin) in

100 mL distilled water for 10 min at room temperature,

and then the solution was heated in water bath at

60 ± 1 �C for 20 min with constant mechanical stirring

(Perfit, India) until the clear solution was obtained.

Thereafter the solution was cooled at room temperature till

40 ± 1 �C.

Preparation of CA–starch solution

Cross-linked potato starch with citric acid was prepared

by following procedures reported by Kim et al. (2017).

The starch solution was prepared by blending starch (3 g)

and sorbitol as a plasticizer (25% w/w of starch) in

100 mL of distilled water for 5 min at room temperature.

Then, starch solution was heated in water bath at

90 ± 1 �C for 10 min with constant stirring. Subse-

quently, citric acid was added into starch solution with

different concentrations (0.5%, 1%, 3%, 5% and 7% w/w

of total starch) and then the solution was kept at that

temperature for 30 min. Thereafter, the solution was

allowed to cool at room temperature till 40 ± 1 �C was

achieved. Then, About 10 mL of each prepared homo-

geneous solutions were poured evenly onto the petri

dishes and then allowed to dry at 25 ± 1 �C for 24 h,

followed by peeling of the films from the dishes and

stored in airtight polythene bags for further analysis.

CA modified starch/gelatin film preparation

The composite film of CA–starch/gelatin was made fol-

lowing casting method. A series of composite films were

made by mixing of prepared CA–starch and gelatin

solutions in different ratios (1:0, 1:1, 1:4, 4:1, 0:1) (Al-

Hassan and Norziah 2012). Then solutions were homog-

enized using high shear homogenizer. Prepared solutions

were degassed by vacuum oven (NSW, India). About

10 mL of each prepared homogeneous solutions were

poured evenly into the petri dishes, and then allowed to

dry at 25 ± 1 �C for 24 h, followed by peeling of the

films from the dishes and stored in airtight polythene bags

for further analysis.
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Properties of CA–starch/composite films

Film thickness

CA–potato starch and CA–starch/gelatin films thickness

was measured using a digital micrometer with an accuracy

of ± 0.001 mm (Mitutoyo, Japan). The thickness of each

film was evaluated at six different positions and then

average of thickness was taken for analysis.

Moisture content (MC)

The moisture content of the films was measured in terms of

weight loss. Briefly, specimens with dimension

(2 9 2 cm2) were cut from each film and then weighed.

Then, all specimens were dried in a hot air oven at

105 ± 1 �C for 24 h and again weighed. Moisture content

was calculated using Eq. (1):

MC ð%Þ ¼ Ww

wd

� 1

� �
� 100 ð1Þ

where Ww is the mass of the pre-dried specimen and wd is

the mass of the dried specimen.

Swelling index

Predefined method with small modification was adopted to

determine the swelling index of the films (Cao et al. 2007).

Specimens with dimension (2 cm 9 2 cm) were cut from

the films, and then dried in hot air oven at 105 ± 1 �C for

24 h and weighed. Dried specimens were immersed in

distilled water for 2 min and then removed from the dis-

tilled water. An excess amount of water was removed from

the swelled specimens and weighed. The quantity of water

absorbed by the specimen was evaluated as per standard

Eq. (2)

Swelling index ¼ m2 � m1

m1

� 100 ð2Þ

where m1, m2 are the weight of swelled specimens after

removal of excess water and weight of dried specimens

respectively, each measurement was done in triplicate.

Optical property

Film opacity was measured using the Hunter Lab col-

orimeter (Color Flex EZ, Hunter Lab, USA). The mea-

surements were made after calibration of the equipment

with a white and a black background. L*, a* and b* values

of the films from CIE LAB color space were determined

using a D65 illuminant and 10� standard observers. The

opacity of the film was determined according to the fol-

lowing Eq. (3)

Opacity ðOpÞ ¼ Opb=Opw � 100 ð3Þ

where Op is opacity of the film (%); Opw is the opacity of

the film against a white background; Opb is the opacity of

the film against a black background.

Solubility

Water solubility of the film was measured according to the

standard method described by Podshivalov et al. (2017)

with some modifications. Briefly, four specimens with

dimension (2 9 2 cm2) were cut from the each film. Initial

weights with an accuracy of ± 0.0001 of all dried speci-

mens are appraised by drying them at 105 ± 1 �C for 24 h

in a hot air oven. After taking dried weights of all speci-

mens, they were immersed in a beaker containing 15 mL

double distilled water. Thereafter, all samples were

removed and then dried at 105 ± 1 �C for 24 h in a hot air

oven. Dried samples weight was evaluated and then used to

calculate the solubility. Film solubility (S%) was evaluated

by Eq. (4)

Solubility ð%Þ ¼ W0 �W1

W0

� 100 ð4Þ

where W0 is the weight of the dried specimen before water

immersion and W1 is the dry weight of the insoluble

specimen after immersion.

Water vapor barrier property (WVP)

Water vapor barrier test was performed by using predefined

method with minor changes (Colivet and Carvalho 2017).

Specimens with proper size were cut from the CA–starch

and composite films and then fixed on the mouth of mod-

ified glass beaker with capacity of 50 mL using vacuum

grease. The modified glass beaker filled with dried calcium

chloride (0 ± 1% RH). Thereafter, specimens loaded

beakers were kept in a desiccator containing distilled water

(RH of 100 ± 1%). Subsequently, desiccators were put in

an incubator (Innova-4230, New Brunswick, NJ, USA) at

25 ± 1 �C temperature. The gain in weight of the beakers

was recorded at a fixed interval of time until the constant

weight of the beakers was attained. Water vapor barrier

through the specimen was calculated by using Eq. (5)

WVP ¼ WVTR� L= pa � pað Þ ð5Þ

WVTR is water vapor transmission rate, L is the thickness

of specimens and the (pa - pb) is the difference in pressure

outside and inside of the sample beakers. All measurements

were performed in triplicates.
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Mechanical property

Tensile strength and elongation-at-break (E%) of the films

were measured with the help of Texture Analyzer (TA.XT

Plus, Stable Microsystems) with a load cell of 5 kg and a

crosshead speed of 0.5 mm/s. Tensile strength (TS) and

elongation at break (E%) of the films were calculated

according to a standard method (Farhan and Mohd 2017).

Films specimens (1.5 cm wide 9 7 cm long) were cut to

the film. All specimens were put in a desiccator for con-

ditioning at 58 ± 1% RH at 25 ± 1 �C for 72 h. Condi-

tioned specimens were mounted between the grips with an

initial grips distance of 50 mm. Tensile strength and

elongation were determined by applying following Eqs. (6)

and (7)

Tensile strength ðTSÞ ¼ F=A ð6Þ

Elongation ðE%Þ ¼ X � X1

X1

� 100 ð7Þ

where F is the maximum force at break point, A is the

cross-sectional area of specimen (Thickness, Width), X1 is

the initial gaps in grips and X is the length of the specimen

at break point. Three replicates were used to analyze for

each formulation of the film.

Moisture absorption

Moisture intake (MI) was evaluated according to standard

procedure (Farhan and Mohd 2017). Specimens with

dimension 2 9 2 cm2 were cut from the film. Prior to

evaluation the moisture absorption capacity, all specimens

were dried in hot air oven at 105 ± 1 �C for 24 h and

weighed. Subsequently, dried specimens were transferred

into three desiccators containing saturated solution such as

sodium chloride, copper sulfate and potassium sulfate for

maintaining different relative humidity and then all desic-

cators were kept at 25 ± 1 �C in an incubator. The gain in

weight of all the specimens was recorded until the constant

weight achieved. Calculation of water intake was evaluated

according to Eq. (8):

MI ð%Þ ¼ Wf �W0

W0

�100 ð8Þ

where W0 is the dry weight of the specimen and Wf is the

equilibrated weight of specimen. All the results were

evaluated in triplicate.

Biodegradability of film

Specimens with a dimension of 1 cm 9 1 cm were sliced

from the films. Then, specimens were buried below 2 cm in

steel trays containing bio-compost fertilizer. Then all

samples holders were placed in an incubator with humidity

(RH of 75%) at 25 ± 1 �C. To check the degradation rate

in terms of weight loss of specimens were recorded after

removing the specimens from the medium at different

intervals, dried them at 50 ± 1 �C for 24 h and weighed.

Characterization of films

Fourier transform infrared spectroscopy (FTIR)

FTIR technique was used to identify the interaction among

the starch, plasticizer and citric acid. IR Spectra of both

crossed and the control were taken using FT-IR (Shimadzu-

8400, Japan) in the range 400–4000 cm-1 with a resolution

of 4 cm-1 by the accumulation of 32 scans. Before taking

spectra of specimens, they were conditioned at RH

53 ± 1% for 24 h.

Scanning electron microscopy (SEM)

Scanning electron microscopy (ZEOL, Germany) was used

to explore the microstructure of CA–starch and CA–starch/

gelatin composite films. All prepared specimens were

placed in a desiccator for conditioning at 25 ± 1 �C at RH

of 53 ± 1%. Scanning electron microscopy was made for

prepared specimens as per standard procedure.

Statistics

The measurements of thickness, opacity, swelling index,

moisture content, moisture absorption, water vapor per-

meability and mechanical properties etc. were evaluated in

triplicate. Results were reported as mean ± SD and ana-

lyzed using the Graph Pad 6.0 software. Analysis of vari-

ance was evaluated by ANOVA procedure (p\ 0.05).

Result and discussion

CA–starch film

Thickness

Film thickness is the most important parameter in food

packaging that affects the mechanical properties and

moisture permeability of the films. Figure 1a illustrates the

influence of citric acid on the thickness of the film. It is

evident that incorporation of citric acid in the starch film

did not significantly (p[ 0.05) enhance the film thickness.

Regression analysis showed the significant relationship

between citric acid (R2\ 0.9) and thickness. The influence

of citric acid on the thickness of the films was explained in

terms of orientation/rearrangement of starch chains in the

starch matrix. Citric acid entered in the starch matrix
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chains, which was characterized by slight rearrangement of

starch chains in the matrix, leading to increased thickness

of the films (Azeredo and Waldron 2016).

Moisture content (MC)

Moisture holding capacity of the film can be represented in

terms of moisture content. Regression analysis utilized to

show the relationship among the CA and MC, and found

considerable impact of citric acid on the outcomes of

moisture content (R2[ 0.9). Incorporation of CA (0.5%,

1%, 3% and 5% w/w of total starch) to the starch film

significantly (p\ 0.01) decreased the moisture content as

shown in Fig. 1a. Similarly, Sharma et al. (2017) also

suggested that sesame protein based films modified with

citric acid showed lower moisture content than that of the

unmodified starch film. Results indicated that cross linking

among the functional group of citric acid (–COOH) and

starch (–OH) formed strong interaction in the starch chains

resulted to decrease the availability of free hydroxyl groups

in the starch matrix. We suppose that this might decrease

the water holding capacity, leading to decreased moisture

content. Further addition of the CA content (more than 5%

w/w of total starch) in the film was able to enhance the free

volume space and mobility in between the polymer chains

due to its plasticization effect, enhanced the MC of the film

(Wang et al. 2014).

Swelling index (SI)

Swelling index values of starch with modified starch films

were demonstrated in Fig. 1b. From the regression analy-

sis, it was found that swelling index was strongly

(R2[ 0.9) influenced by the addition of citric acid in the

films. Addition of citric acid up to 5% w/w of total starch

level was significantly (p\ 0.01) reduced the SI of the

film. Reduction in SI might be linked with dense, homo-

geneous, compact structure and non availability of hydro-

xyl groups in the starch matrix. Cross linking in the starch

matrix decreased the availability of –HO groups for

Fig. 1 Effects of citric acid (0\CA\ 7% w/w of starch) on a moisture content, thickness b swelling index, opacity c solubility, WVP d tensile

strength and elongation. Error bars show standard errors of the means of triplicate values (p\ 0.05)
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interactions with water molecules and also reduced free

space. Consequently, the compactness and hydrophobic

nature of films improved, resulting in a decrease in the

swelling index of the starch film. As citric acid concen-

tration further increased from 5 to 7% (CA w/w of total

starch), SI increased due to its plasticizing nature

(Kapelko- _Zeberska et al. 2016).

Opacity (OP)

The opacity is most important functional property of the

film which shows a strong impact on the food properties as

well as on appearance. Transparency of the films signifi-

cantly (p\ 0.01) improved as CA increased from 0.5 to

5% in the starch films as shown in Fig. 1b. In contrast,

opacity of the potato starch films decreased. Reduction in

the opacity of the films may be linked to compactness and

crystallinity of starch molecules. Citric acid developed

strong interaction in terms of cross linking in the starch

films. It made the starch matrix more compact and less

crystalline. Therefore opacity of the films decreased. Fur-

ther addition of citric acid (more than 5%) enhanced the

free volume space in the matrix, leading to diminish the

opacity of the film (Seligra et al. 2016).

Solubility (S)

Solubility is an essential functional parameter of the films

due to its food packaging applications. Films should

illustrate minimum solubility in the water to maintain the

food integrity. From findings, it was found that outcomes

of solubility were strongly (R2[ 0.9) affected with CA

content in the films. As, citric acid amount increased from

0.5 to 5% w/w in the starch film, significant differences in

the solubility (p\ 0.01) of the modified starch and native

starch films were recorded as illustrated in Fig. 1c. As

expected, aqueous solubility decreased with addition of CA

up to 5% (w/w of total starch) level in the starch film. The

outcomes are also consistent with previous studies (Ma

et al. 2018), who reported that solubility of the edible films

containing soybean residue decreased with addition of

citric acid. This dramatic influence of citric acid on the

solubility of the starch film might be happened due to cross

linking and hydrogen bonding among the functional groups

of citric acid and starch chains. Consequently, hydropho-

bic, homogeneous and compact structures of starch matrix

achieved which block the water molecules to penetrate into

the matrix, leading to a diminish aqueous solubility (Sun

et al. 2017).

Water vapor permeability (WVP)

Many food products lose their important properties due to

migration of water vapor through packing materials from

surrounding atmosphere. Therefore, WVP become an

important parameter for determination of possible films

applications. From the regression analysis, it was noticed

that CA showed strong positive (R2[ 0.9) impact on the

moisture permeability of the films. Incorporation of citric

acid in varying amount (0.5%, 1%, 3% and 5% w/w of total

starch) significantly (p\ 0.01) reduced the WVP of potato

starch film as shown in Fig. 1c. Improvement in the WVP

of the starch films may be related to cross linking in the

starch matrix which can improve the hydrophilic nature as

well as compactness of starch films. Besides, this made

tortuous path in the matrix. Consequently, water vapor

needed to move more distance to cross the films, leading to

decrease in the moisture permeability (Tan and Thomas

2017). The findings are consistent with previously reported

work (Azeredo et al. 2016). Addition of citric acid more

than 5% (w/w of total starch) reduced the moisture barrier

of the films due to its plasticizing effects.

Mechanical property

Native potato starch films illustrated lower tensile strength

(TS) than that of the modified potato starch films, which

was changed with incorporation of citric acid (0.5 to 5%

w/w total starch) as presented in Fig. 1d. The significant

differences (R2[ 0.9) in the tensile strength were achieved

among the modified and unmodified starch films. Similar

work reported on the Chinese yam starch by (Wang et al.

2017a). These authors illustrated that mechanical property

of the starch film improved by the addition of citric acid.

Citric acid could create strong interactions by generating

cross linking between starch chains, thus increasing the

tensile strength. Besides these interactions reduced the

mobility among the chains, leading to reduce the elonga-

tion at break point (E%). When citric acid in the films

incorporated more than 5% CA in the films caused a

notable decrease in the film strength. In contrast extensi-

bility of the films enhanced due to the introduction of

mobility in the CA–starch film due to its plasticization

nature (Wang et al. 2014).

Composite film

The outcomes were studied using regression analysis. From

the findings, it was revealed that gelatin content signifi-

cantly (p\ 0.05) affected the functional properties of the

composite films and had a positive relation between them

(R2[ 0.9).
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Thickness

CA–starch/gelatin composite films exhibited higher thick-

ness than that of the CA–starch films (control). Thickness

of the starch film enhanced, when gelatin was added in

different proportions (1:1, 1:4 and 4:1) in the film as shown

in Fig. 2a. The film with ratio (4:1) demonstrated lower

thickness compared to other films with ratios 1:1 and 1:4.

Increment in the thickness of the starch films might be due

to the orientation of starch molecules, and also compati-

bility of polymers in the composite film (Acosta et al.

2015).

Moisture content (MC)

MC content of CA–starch/gelatin film was illustrated in

Fig. 2a. Addition of gelatin in different ratios (1:1, 1:4 and

4:1) in the films caused a significant (p\ 0.05) increase in

MC of the films. The composite films with ratio 1:4

attained a minimum MC compared to others films with

ratios (1:1 and 4:1). Enhancement in the MC of starch films

with addition of gelatin associated with hydrophilic nature

of gelatin, and it may change nature of starch film from

hydrophobic to hydrophilic (Wang et al. 2017b), conse-

quently, MC decreased. It was also observed that the

composite film exhibited lower MC compared to the

gelatin film.

Swelling index (SI)

Figure 2b shows swelling index of composite films with

varying ratios (1:1, 1:4 and 4:1) of the modified starch and

gelatin. Composite films showed increasing swelling index

with increasing gelatin content. SI of the gelatin film sig-

nificantly (p\ 0.05) decreased from 141 ± 0.81% to

46.28 ± 0.48% (control). The films with ratio 4:1 recorded

a minimum SI compared to others films. Moreover, the

reduction in SI is also linked with the results of FTIR,

Fig. 2 Effects of CA–starch/gelatin (1:1, 1:4 and 4:1) on a moisture content, thickness b swelling index, opacity c solubility, WVP d tensile

strength and elongation. Error bars show standard errors of the means of triplicate values (p\ 0.05)
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WVP and mechanical properties of the composite films.

This showed that interactions among the CA–starch and

gelatin were taken place in the composite films. Therefore,

the hydrophilicity of the composite film was improved,

leading to decreased SI of the films (Fakhoury et al. 2012).

Opacity (OP)

Variation in the color and transparency when gelatin and

modified starch were added in different proportions in the

composite films as represented in Fig. 2b. The composite

film was slightly brighter than the CA–starch film. The

opacity of the CA–starch film was significantly (p\ 0.05)

increased as gelatin was added. Improvement in the opacity

of the starch film with gelatin content in the composite film

could be connected to excellent orientation/distribution of

starch molecules in the composite films which created

haziness in the composite film. So, light was not able to

penetrate into the composite film, and thus opacity was

increased (Surendra Babu et al. 2015).

Solubility (S)

High solubility indicates that gelatin loaded composite

films have more affinity for water. Composite films showed

increasing aqueous solubility with elevating gelatin con-

tent. The CA–starch and gelatin were blended in different

proportions (1:1, 1:4 and 4:1). The solubility of the com-

posite film was considerably (p\ 0.05) improved as dis-

played in Fig. 2c. Composite films showed inferior

solubility than that of the modified potato starch films.

Gelatin is more hydrophilic than control film. Conse-

quently, the addition of gelatin enhanced hydrophilicity of

modified starch films. Therefore, water molecules were

easily able to access the surface resulted in an increased

solubility. The solubility of the composite films improved

as CA–starch content increased which indicated excellent

orientation and arrangement of starch molecules in the

CA–starch/gelatin composite films. So, penetration of

water molecules into the composite film became difficult

eventually resulted in a decrease in the solubility (Xu et al.

2015).

Water vapor permeability (WVP)

Water vapor permeability of composite films was measured

and outcomes were demonstrated in Fig. 2c. WVP of the

composite films decreased with elevating amount of CA–

starch content. Meanwhile, the composite films with ratio

(4:1) showed a lower WVP than that of the gelatin films.

But it showed inferior WVP values as compared to the

CA–starch films. As per expectation, WVP values of the

CA–starch films significantly (p\ 0.05) decreased with

addition of gelatin. This may be linked to hydrophilic mass

content in the form of gelatin in the composite films

(Fakhouria et al. 2015). In another word, hydrophilic nature

and spiral structure of gelatin led to make the composite

film more hydrophilic, leading to enhanced water vapor

permeability of the CA–starch films (Fakhoury et al. 2012).

Mechanical property

Prepared solution of CA–starch and gelatin were utilized in

the different proportions (1:1, 1:4 and 4:1) to prepare the

composite films, and to evaluate the effect gelatin on the

functional properties of the film especially on strength and

elongation as shown in Fig. 2d. When comparing film

strength of the CA–starch with CA–starch/gelatin film,

there was no confusion that film strength was significantly

(p\ 0.05) improved with the incorporation of gelatin in

the CA–starch film (control). Improvement in the tensile

strength of films with addition of gelatin content may be

attributed to low free space in CA–starch/gelatin composite

films, due to strong cohesive interaction between the polar

groups of starch and gelatin chains in the composite film,

Therefore tensile strength of the composite film improved.

The composite film with (4:1) CA–starch/gelatin concen-

tration exhibited higher film strength compared to the other

composite films (1:1 and 1:4). This showed that excess part

of gelatin disturbed the arrangement of components in

composite films. Therefore, compactness of the film

decreased, resulting in a decrease in the film strength

(Wang et al. 2017b).

Moisture absorption (MA)

The ability of the film to absorb moisture from surrounding

represents in terms of MA. Addition of increasing content

of CA up to 5% w/w of total starch level considerably

(p\ 0.05) decreased the moisture absorption capacity of

the starch films as illustrated in Fig. 3a. Reduction in the

moisture absorption indicates that availability of free –OH

groups in the starch matrix is reduced during the film

forming process, due to cross linking in the starch matrix.

MA of the starch films containing more than 5% w/w citric

acid was higher than other starch films (0.5%, 1%, 3% and

5%), due to plasticization effect of unreacted citric acid in

the starch films (Yin et al. 2005). MA is directly propor-

tional to gelatin concentration in the composite film.

Gelatin shows hydrophilic nature. As expected, the addi-

tion of gelatin in different proportions (1:1, 1:4 and 4:1) in

the starch films, MA capacity of the composite films sig-

nificantly (p\ 0.05) enhanced. Enhancement in MA might

be related to free space and hydrophilicity. Gelatin in the

films slightly disturbed the hydrophilicity and free space,
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causing an increased MA of the composite films (Mali

et al. 2005).

Biodegradation of the starch/gelatin composite film

Biodegradability of CA–starch and CA–starch/gelatin films

were evaluated using soil buried technique with some

modifications. No major changes were noticed on the sur-

face of specimens except small weight loss in the first week

of examination. From the findings, it was observed that

weight loss and pores numbers in the specimens were not

significantly (p[ 0.05) enhanced after the 3rd week of the

test as illustrated in Fig. 3b. Enhancement in the degrada-

tion rate of the samples was associated with elevated

Fig. 3 Moisture absorption with relative humidity (a), and weight loss with time (b) as a function of CA and gelatin content. Error bars show

standard errors of the Means of triplicate values (p\ 0.05)

Fig. 4 IR spectra of (a) potato
starch film (b) modified potato

starch film
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swelling index of specimens, resulting in enhancement of

microorganisms attack on specimen’s surface. Conse-

quently, weight loss of the specimens was significantly

enhanced. The specimen with 5% w/w of citric acid was

demonstrated a minimum degradation compared to other

specimens with citric acid content (0.5%, 1%, 3% and 7%).

Addition of CA content more than 5% w/w of total starch

level in the film caused a gradually enhanced weight loss.

Enhancement in the degradation of specimens might be

linked with unreacted citric acid in the CA–starch film.

Unreacted citric acid molecules illustrated plasticization

effect in the films, causing an increased hydrophilic nature

of the films (Seligra et al. 2016). As expected, incorpora-

tion of gelatin in the CA–starch films significantly

(p\ 0.05) enhanced the moisture absorption capacity due

to its hydrophilic nature, resulting in increased swelling

index. Therefore degradation of specimens enhanced. Our

observations agree with previous results (Kuniak and

Marchessault 1972).

FTIR analysis

Molecular interaction between the film components were

identified by FTIR, and exhibited in the spectral range of

500–4000 cm-1 as shown in Fig. 4a, b. Broad character-

istic bands located in the range of 3262–3295 cm-1, which

represented the stretching of –OH groups. Similar obser-

vation was reported by Byun and Yoon (2013) and Sharma

et al. (2017). Besides, this characteristic band indicated

interactions among the starch chains in terms of hydrogen

bonding. The peak at 1657.85 cm-1 showed the hydration

of starch (Xu et al. 2015). Main important new peak was

located at 1741.28 cm-1, developed by a carbonyl stretch

assigned to ester groups was noticed for all the modified

starch films. Ester group’s visibility in the modified starch

films was due to ester bonds which were developed by the

esterification reaction that come during the film forming

process (Reddy and Yang 2010). The characteristic peaks

in the range of 1000–1400 cm-1 represented the stretching

in the glycosidic bond of starch due to the reaction (Gar-

avand et al. 2017). The findings are consistent with

Fig. 5 SEM images of citric

acid modified a, b potato starch

films and c, d CA–starch/gelatin

composite films
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previously published work (Singh et al. 2009). Authors

were noticed that peak around 1000 cm-1 was recognized

as plasticizing effect of water.

SEM analysis

All modified films were seemed to be uniform, homoge-

neous, non-porous, dense in structure and have slight rough

surface due to the cross linking in the starch matrix and

illustrated good moisture barrier, and film strength as

shown in Fig. 5a–d. Similarly, Sharma et al. (2017)

observed that sesame protein films become rough and

compact structure with addition of citric acid. When gelatin

was added in the modified potato starch film, the films

became smoother, compact and also little bit shiny com-

pared to cross linked starch films. Morphology of the

composite films noticed here were in accordance with

previously published work (Mirele et al. 2018) who utilized

cassava starch and recycled gelatin to develop composite

films. Authors observed that starch and gelatin were com-

pletely mixed and formed a homogeneous and compact

structure. Besides, it was also noticed that gelatin and CA

modified starch film exhibited good compatibility.

Conclusion

The main aim of this work was to fabricate eco-friendly

composite films using CA–starch and gelatin in different

proportions by solution casting technique. The results

revealed that functional properties of CA–starch films

significantly (p\ 0.05) improved with the addition of

citric acid up to 5% level in the starch films. FTIR data

indicated that citric acid in the starch decrease the presence

of free hydroxyl groups in the starch matrix via cross

linking. Modified starch films were stiffer and more

transparent compared to starch films, with a decrease in

elongation. Presence of gelatin in the modified starch films

caused a remarkable improvement in the mechanical

property (p\ 0.05) even at low concentration of gelatin.

SEM data also suggested that gelatin and citric acid in the

films caused improvement in the compactness, porosity,

and homogeneity of the starch film. However, high gelatin

content led to enhance solubility, swelling index, moisture

content, water vapor migration rate, and moisture absorp-

tion. Findings suggested that functional properties of

composite films were considerably (p\ 0.05) enhanced

compared to gelatin films. The results assured that pack-

aging properties of the starch films were improved by

simultaneous use of citric acid and gelatin. It can be pre-

dicted that this approach will be utilized to fabricate eco-

friendly composite films for food packaging and coating in

future.
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