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Abstract
In this research communication, taro starch and fenugreek mucilage were used, in four combination ratios, 1:1 (T1),1:2 
(T2),1:3 (T3),2:1 (T4), one pure taro starch (To) and one pure fenugreek mucilage (Fo) to develop total six edible films. 
Films were evaluated on the basis of optical,textural, morphological, microbiological, color and thermal properties. The 
optical properties such as transparency and opacity found better results in higher taro concentration films i.e. T1 and 
T4. In color analysis, the chroma values were found in the range of 66.17–78.80 and hue angle values were found in the 
range of 22.67–33.85, for all the films. Films of pure fenugreek (Fo) and higher concentration ratio of fenugreek (T2 and 
T3) found highest rupture strength when compared with another film. Thermal conductivity of the films was founded in 
the range of 0.049–0.099 W/m°K. A least microbial growth of 1.0 × 102 ± 0.03 cfu/ml was found in Fo film and maximum 
microbial growth of 1.5 × 102 ± 0.03 cfu/ml was found pure taro starch film (To). SEM (Scanning Electron Microscopy) 
analysis of films found smooth surface for (To) and (Fo) films when compared to other films. Higher values of water vapour 
permeability indicated the porous structure,which allowed the water to penetrate inside the films, it was in the range of 
1.53–2.79 mg/Pa.s.m2 ×  10–11. The film (To and Fo) found better results for most of the properties. This edible films can 
be used as a primary packaging material for food products.
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1 Introduction

Research on edible films has grown to a larger extent in 
the last few decades due to their potential to adapt to the 
base food material and their eco-friendly nature. Packag-
ing material prepared from edible substances is used to 
protect the food products, as a primary protection from 
contaminant so that it can be consumed without any side 
effect [1]. Fenugreek (Trigonella foenum-graecum L.) is 
an important and one of the prime medicinal plants on 
record. Various phytochemicals are found in fenugreek 
such as steroids, alkaloids and flavonoids, which contrib-
utes to its widespread medicinal uses [2]. Its seeds con-
tain 45–60% carbohydrates, from which most of it is a fiber 
which is as 30% in soluble form and 20% in insoluble form 
[3]. Its seeds are used in various Indian dishes, although 

seeds contain higher portions of mucilage which is not 
easily soluble in water [4]. But when soluble in water, it 
give a thick appearance. This thick contains help in devel-
opment of films. Its mucilage is not used to its complete 
potential in food industry compared to guar gum and 
locust bean gum. Fenugreek mucilage is recently added 
to list of edible gums, therefore its potential in the devel-
opment of edible films needs to be tested and ultimately 
its can be used in food industry [5]. Fenugreek mucilage 
has good emulsifying properties, it was found three times 
more dispersion rate when used in soy protein isolate 
and were fairly stable with pH and at high temperature as 
reported by [6]. In this research attempt has been made 
to develop fenugreek mucilage using standards process 
rather than a direct procuring it from the market [7].

 * Ashish M. Mohite, ashishmohite1251@gmail.com | 1Amity Institute of Food Technology, Amity University, Noida, U.P 201313, 
India. 2Department of Food Technology, Jamia Hamdard, New Delhi, India.

http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-020-03710-1&domain=pdf
http://orcid.org/0000-0001-6715-5427


Vol:.(1234567890)

Research Article SN Applied Sciences (2020) 2:1900 | https://doi.org/10.1007/s42452-020-03710-1

Taro (Colocasia esculenta) is a perennial, tropical plant, 
grown as a vegetable known for its palatable starchy 
corm, and as a leafy vegetable that is considered a chief 
crop in African, and Asian civilization [8]. Starch excerpted 
from taro rhizome emerged as fine granules in the 0.5–5 
microns ranging to 3 and thus attempted to be of smooth 
consistency of starch gel. Also taro starch was reported to 
be more inclined to pancreatin hydrolysis than other tuber 
and rhizome starches [9]. Taro has a a unique gel forming 
property which can be utilized as an adsorbing agent dur-
ing water purification process [6].

Most of the materials which are used for food pack-
aging are non-biodegradable, which does not meet the 
demands of sustainability and environment safety. Edible 
films and coatings used in cheese, cellulose coatings on 
meat products, etc. have been in use for centuries to pre-
vent the loss of moisture and dampness and to create 
a shiny surface of the products for aesthetic purposes. 
Biopolymers are one of the most favourable alternatives 
to be exploited in the form of films and coatings. There cer-
tain functional properties can be increased with the accu-
mulation of solid, liquid nanoparticles or nanofillers such 
as clay and silicate, antioxidants, antifungal and antimicro-
bial agents. Fenugreek mucilage based films incorporated 
with montmorillonite and halloysite nanoclay found good 
results for thermal,oxygen and barrier properties [10].

Various researchers have studied on films such [11] for 
sesame, [12] for sesame protein isolates and [13] for cel-
lulose reinforced starch. Taro starch is also known as resist-
ant starch and fenugreek mucilage is also known as edible 
galactomannan gum were selected for the current investi-
gation. The present study was aimed to develop an edible 
food packaging film using fenugreek mucilage and taro 
starch as primary packaging material for food products 
and their selected functional properties were evaluated.

2  Material and methods

2.1  Raw material preparation

Taro rhizomes and fenugreek seeds were procured in the 
month of August, 2019 from the local market of Noida, 
India. Taro rhizomes were manually peeled with the help 
of peeler. Taro was cut into 0.5 mm thin slices and dipped 
in weak Potassium Metabisulfite (KMS) solution for 10 min 
to prevent browning. The taro slices were dried in vacuum 
dryer at 45 °C for 8 h for 500 mm Hg [14]. Further the sam-
ples were ground in laboratory mill and passed through 
100 mesh BSS (British Standard Sieve) to obtain a fine pow-
der [15]. The obtained fine powder, is rich in starch contain 
therefore in the further study it was denoted as taro starch 
powder.

For extraction of mucliage from fenugreek, seeds were 
ground in a hammer mill for 10 min and passed through 
a 100 mesh (BSS) [16], further it was extracted with petro-
leum ether for 90 °C for 2 h. The defat residue was again 
extracted in 95% ethanol for 2 h to remove any traces of 
saponins are left in it. Obtained sample was cooled at 
ambient temperature and it was dried in vacuum dryer 
50 °C for 4 h for 500 mm Hg [5].

3  Film casting

Fenugreek mucilage powder (F) and taro strach powder (T) 
films were prepared as, To (Taro starch powder), Fo (Fenu-
greek mucilage powder), T1 (Taro starch powder + pure 
fenugreek mucilage powder in ratio, 1:1), T2 (Taro starch 
powder + Fenugreek mucilage powder ratio, in 1:2), T3 
(Taro starch powder + Fenugreek mucilage powder in 
ratio, 1:3) and T4 (Taro starch powder + Fenugreek muci-
lage powder in ratio, 2:1).

Sample solutions (SS) for film formulation were pre-
pared using 7 g/70 mL of distilled water as per the method 
suggested by [17]. Samples as per above ratios were added 
with 1 ml acetic acid and 5 mL glycerol. The concentration 
of glycerol and acetic acid were selected on the basis of 
initial trials. The solution was magnetically homogenised 
slowly at 60 °C for 50 min, using the sonicater water bath. 
Further, the hot solution was passed through BSS 100 
mesh sieve to remove any undissolved stuff. A sample 
solution of 45 mL was poured on Teflon plates (10 mL of 
solution/plate) and was allowed to dry at ambient tem-
perature for 36 h, thereafter the films were peeled off.

4  Characterization of films

4.1  Film thickness

Thickness of films was determined by the handheld digital 
screw gauge of (M/s Aerospace Company) with a precision 
of 0.001 mm. Total ten places were selected by random 
selection on the film surfaces. Average thickness was cal-
culated using the method adopted by [12].

4.2  Transparency of films

UV Visible spectrophotometer (M/sPerkinElmer/Lambda, 
25) was used to determine the transparency of films. 
Samples for test were cut into rectangle pieces (2 cm x 
6 cm) and were placed on the inner side of the cuvette 
cell. Cuvette cell without sample was used for standard 
reference. A light transmission percentage at 540 nm, 
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multiplied by with the film thickness (cm) gives the values 
of film transparency [18].

4.3  Opacity of films

The opacity of films was determined using UV Visible spec-
trophotometer (M/sPerkinElmer/Lambda, 25), at a wave-
length of 500 nm. The opacity values were calculated using 
equation described by [19].

4.4  Swelling behaviour of films

The swelling behaviour of the films were studied using the 
method suggested by [20]. Films were weighed and were 
placed in phosphate buffered saline (PBS at pH 7.4) media 
for 30 min at room temperature. The films were blotted 
using filtration sheet to absorb moisture from the films 
and were weighed immediately. The percentage of a water 
adsorbed (Ws) was equated by dividing the weight of the 
film sample after 30 min minus the initial weight of films 
divided by initial weight of film, multiplied by 100.

4.5  Color analysis of films

Color determination was performed using a Hunter color 
analyser (Hunter lab, Reston, USA). The values obtained in 
terms of L*, a* and b* were used for the Chroma, hue angle 
and Whiteness index, evaluations [21].

5  Mechanical properties

5.1  Textural analysis of films

A specific 5 mm stainless steel ball probe (P5) was pene-
trated inside the film specimens. The test was then carried 
out as the arm of the texture analyzer to bring the probe 
P5 down into the aperture. A top plate was arranged to 
prevent the sample from slipping during testing. Percent-
age elongation at break and rupture force (N) were deter-
mined in the present work were as per the process of [22].

5.2  Thermal conduction analysis of film sample

Thermal conduction of film samples were recorded using 
thermal conduction analyser (Model: KD-2 Devices, Inc. USA). 
Film samples were wrapped on the vertical probe (KS-1, 
1.3,diameter) and were kept in 50 mL measuring cylinder. 
The cylinder was wrapped using domestic foil, further it 
was kept in a deep freezer (Model: U 410–86, New Brunswick 
Scientific, England) at  − 40 °C to obtain the values under 
0 °C. The temperature measurement above 35 °C, was per-
formed by placing the samples in hot plate. The film sample, 

wrapped on the needle was connected to the thermal con-
duction analyser and the reading were noted at per degree 
Celsius interval [23].

6  Microbiological analysis of films

The microbial load of the film was analysis using Aerobic 
Colony Count (ACC) method. A 5 g sample was put in 50 mL 
of saline solution (0.85% NaCl). The sample was shaken vig-
orously in the solution. The extract was serially diluted and 
plated into Potato dextrose agar (PDA) (Hi media Laborato-
ries) media for bacterial count. The plates were incubated at 
31 °C for 48 h for ACC. 10 g of the food samples were homog-
enized in 90 mL diluent (peptone water) to release microbes 
from food matrix. The plating was done on solid media, i.e. 
Potato Dextrose Agar by the spread plate method. The petri 
plates after plating with different dilutions  (10–2–10–10) were 
incubated for 3–5 days at  37 °C. All the visible number of 
colonies was counted by the Quebec Colony counter.

7  Scanning electron microscopy (SEM) 
analysis

Surface micrographs of film samples was analyzed by study-
ing the surface characteristics using a (MIRA TESCAN3,Czech 
Republic) instrument. Scanning electron microscope oper-
ated at 15-KV, sample holder with silver doubled sided coat-
ing was used prior to imaging. Images were obtained at dif-
ferent magnification [24].

8  Water vapor permeability (WVP) of films

ASTM E96/E92 M gravimetric modified cup method was 
used to study the water vapour permeability of edible films 
[25]. Specimen films were wrapped on face of glass mugs 
with the help of suitable adhesive. Humidifier chamber, 
controlling the temperature and humidity was used at 40% 
and 65% relative humidities. The specimen was weighted 
within every two hour interval. The difference in weight 
against time was plotted to obtain the slope using linear 
regression. Estimations were performed in triplicate and 
their mean value was taken. WVP was computed from the 
slope by its area in (m).

9  Statistical analysis

Statistical analysis for ebible films on the basis of different 
combination ratios (p ≤ 0.05) and their effect on film prop-
erties was studied used Stat soft (Statistica 8 stat) software.



Vol:.(1234567890)

Research Article SN Applied Sciences (2020) 2:1900 | https://doi.org/10.1007/s42452-020-03710-1

10  Results and discussion

10.1  Characterization of films

Optical properties, mechanical properties, swelling 
behavior and water vapour permeability results of edi-
ble films are presented in Table 1.

10.2  Opacity of films

The opacity of fenugreek mucilage and taro starch films 
are given in Table 1. The film opacity values found differ-
ent trends for films with combination ratios of mucilage 
and starch in the films. Opacity of films found decreas-
ing significantly (P < 0.05) from 0.23 to 0.11 for all films. 
The opacity evaluation is based on the spertum of light 
which is absorbed by specific compounds of the plant, 
which protect the food from specific effect of light. The 
T1 and T4 films found best results for opacity when com-
pared with other films. The reason may be due to the 
natural yellowish color of fenugreek and white color of 
taro combined to affect the opacity values of the films. 
However, the T2 film found 0.14 value, which was due to 
more quantity of fenugreek mucilage in the ratio of film 
(1:2). Corn starch films impregnated with CaCO3 nano-
particles studied by Sun et al. [26] and concluded that 
the similarity in nanoparticle and intermolecular space 
in starch films was reason of higher values for opacity. 
Through the analysis of variance it was clearly indicated 
that T1 and T4 films were significant (P < 0.05), but in 
case of film with more starch content found non-signif-
icantly effect on opacity values. Authors [27] studied on 
the edible bilayer films made with zein and corn-wheat 
starch found close results for transparency and opacity 
of films as per our study.

10.3  Transparency of films

More transparency for a packaging material can oxidise 
and degrade the essential component from food stuff 
as in transparency analysis process more light is able to 
penetration through the films. Whereas packaging films 
prepared from natural gums and plant origin materials 
provide color which can restrict the penetration of light 
and eventually the transparency values of films. Here in 
the case of our study both major ingredients used for film 
development where plant origin materials. The transpar-
ency of films showed varying trends as per combination 
ratios in the films. It was founded as 0.37 for To film, 0.30 
for Fo film and 0.24 for T1 film, respectively. Similar results 
were observed for T2, T3 and T4, films which were 0.29, 
0.23 and 0.19, respectively [12]. reported a similar agree-
ment of results for composite film developed from the 
blends of sesame protein isolate. It can be clearly stated 
through Table 2, that transparency values were fundamen-
tally non-significant (P > 0.05).

10.4  Swelling of films

Swelling indicates the absorbtion of moisture, which is an 
indicator for the amount of moisture an edible films can 
absorb in given span of time. The taro starch is found to 
be hydrophilic polymer in nature and it has more affinity 
towards water. During heating taro starch at 60 °C (mag-
netic stirring during film the formation process) it gives 
low crystallinity and gelatinization process is easily com-
pleted. The films with more taro starch content, i.e. To and 
T4 had highest swelling capacity at 0.04 and 0.03, com-
pared with other films. Whereas as the films with fair com-
bination ratios of fenugreek mucilage and taro starch, i.e. 
T1 and T3 films found lower values of swelling capacity as 
0.02 and 0.01, respectively (Fig. 1). During the experimen-
tation process, it was found in the intial process of starting 
it was getting softer as they were in contact with water and 

Table 1  Selected optical and mechanical properties of edible films

To-Taro starch powder; Fo-Fenugreek mucilage powder; T1-Taro starch powder + pure fenugreek mucilage powder in ratio, 1:1; T2-Taro 
starch powder + Fenugreek mucilage powder ratio, in 1:2; T3-Taro starch powder + Fenugreek mucilage powder in ratio, 1:3; and T4-Taro 
starch powder + Fenugreek mucilage powder in ratio, 2:1

S.N Films Transparency Opacity Elongation at break (%) Rupture force (N) Swelling of films (mm) Water vapour 
permeability (mg/
Pa.s.m2 × 10–11)

1 To 0.37 ± 0.03 0.23 ± 0.03 26.19 ± 2.41 353.4 ± 19 0.04 ± 0.002 1.53 × 10–6

2 Fo 0.30 ± 0.02 0.18 ± 0.03 35.14 ± 3.59 379.7 ± 26 0.02 ± 0.001 2.79 × 10–6

3 T1 0.24 ± 0.03 0.16 ± 0.02 28.77 ± 2.80 269.1 ± 13 0.02 ± 0.001 2.60 × 10–6

4 T2 0.29 ± 0.04 0.14 ± 0.03 27.59 ± 2.69 216.3 ± 21 0.02 ± 0.001 2.16 × 10–5

5 T3 0.23 ± 0.02 0.11 ± 0.04 31.54 ± 3.05 178.4 ± 11 0.01 ± 0.001 1.89 × 10–5

6 T4 0.19 ± 0.03 0.13 ± 0.03 28.70 ± 3.16 227.1 ± 16 0.03 ± 0.002 1.78 × 10–5
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gradually its reduced as the films were absorbing more 
moisture. The significant influence of combiantion ratios 
was observed for swelling index of the films [28].

10.5  Color analysis of films

Color of edible films is highly dependent on the compo-
nents present in the films, for such commercially used 
films, the color has its influence on consumer attraction. 
Different combination ratios used in film formulation 
found variations in L*, a*and b* values of edible films, 
thus its effected the chroma, hue and whiteness index 
of films (Table 3). The chroma values found trends as To 

> T4 > T1 > T2 > T3 > Fo,respectively. The pure fenu-
greek mucilage films (Fo) found fair colour compared to 
other films. Hue angle values were found in the range of 
33.85–22.67, respectively. The results for To (33.51) and 
T4 (29.35) showed better result than other films. White-
ness Index (WI) found good results in To and T4 edible 
films with trends such as To > T4 > T1 > T2 > T3 > Fo for 
the remaining films. Here the yellowish color of fenu-
greek mucilage represented a darker shade which even-
tually influenced the whiteness index of films and fair 
color of taro starch showed better results in films [29]. 
Therefore the films with more concentration of fenu-
greek mucilage had darker shade and due to this reason 

Table 2  Analysis of variance for 
selected properties ofedible 
films

* Significant at 5%, **Non Significant

Source To Fo T1 T2 T3 T4

Transparency
Intercept 106.16 103.05 114.64 101.49 113.50 100.7
Std error estimate 0.37 0.30 0.27 0.29 1.23 0.19
Std error predicted 0.38 0.42 0.24 0.31 0.30 0.23
R2 0.69 0.75 0.77 0.81 0.84 0.85
F 0.94** 0.86** 1.66** 0.71** 0.89** 0.29*
P 0.43 0.45 0.67 0.48 0.54 0.04
Opacity
Intercept 123.50 126.50 98.06 127.00 118.50 113.36
Std error estimate 0.23 0.18 0.16 0.14 0.11 0.13
Std error predicted 0.34 0.25 0.19 0.19 0.13 0.18
R2 0.95 0.94 0.85 0.77 0.91 0.51
F 18.01* 18.02* 14.86* 3.60** 0.74** 10.71*
P 0.05 0.05 0.05 0.07 0.49 0.04
Elongation at break (%)
Intercept 84.23 77.20 57.21 114.08 65.23 91.65
Std error estimate 26.19 35.14 28.77 27.59 31.54 28.80
Std error predicted 27.17 36.54 27.30 27.78 34.78 29.82
R2 0.99 0.95 0.74 0.87 0.99 0.97
F 430.2* 22.88** 0.22* 6.43** 134.43* 35.74*
P 0.002 0.07 0.05 0.12 0.007 0.001
Rupture force (N)
Intercept 117.82 120.08 100.7 118.08 122.43 113.29
Std error estimate 0.34 0.41 1.47 0.65 0.75 1.05
Std error predicted 1.50 2.25 14.35 3.07 5.46 3.08
R2 0.98 0.96 0.75 0.91 0.88 0.74
F 38.93* 26.00* 0.29** 9.82** 6.98** 2.48**
P 0.02 0.03 0.64 0.08 0.12 0.25
Swelling of films(mm)
Intercept 85.83 102.67 113.47 103.41 88.87 100.62
Std error estimate 0.04 0.02 0.02 0.02 0.02 0.03
Std error predicted 0.08 0.03 0.04 0.08 0.04 0.03
R2 0.94 0.94 0.76 0.72 0.99 0.97
F 17.11* 16.18* 0.54** 2.15** 102.33* 33.59*
P 0.05 0.05 0.36 0.27 0.003 0.02



Vol:.(1234567890)

Research Article SN Applied Sciences (2020) 2:1900 | https://doi.org/10.1007/s42452-020-03710-1

whiteness index of these films has lower values com-
pared to other films.

11  Mechanical properties

11.1  Textural analysis of films

For ensuring the integrity of packaging materials, mechan-
ical properties of films are necessary [18]. Structural char-
acteristics of edible films were measured by percentage 
elongation at break and rupture strength, the results indi-
cated that films with an equal ratio of fenugreek mucilage 
and taro starch have found higher strength compared to 
other films [11]. An increase in the elongation percentage 
was found to with increase in starch content in films, it 

was due to the reduction in the number of intermolecular 
cross-links and an increase in the inter-molecular distance.

The percentage elongation at break for edible films was 
found as Fo > T3 > T1 > T4 > T2 > T0. However the results 
for rupture force for edible films was found as Fo˃ To˃ T1 ˃ 
T4˃ T2˃ T3. The trends for rupture force indicated the good 
results for Fo and To films compared to other fims which 
indicates that more resistance was shown towards punc-
turing of theses films. It was reported by other research-
ers that the increase in the protein content of the films 
made of mucilage enhanced the textural properties of 
films [22]. It can be concluded that tensile strength found 
in edible films does not have good correlation within the 
same polymers (P ≤ 0.05). From the Table 2 it was found 
that elongation at break percentage and rupture force was 
significantly different (P ≤ 0.05). Similar results were found 
in chitosan edible films by [30] and [31] for gelatin papaya 
peel biodegradable films.

11.2  Thermal conductivity of films

Thermal conductivity for edible films, will help us to indi-
cate the response of films to varying range of temperatures 
and behavior of films at higher temperatures and at lower 
temperatures. Thermal conductivity studies of edible films 
were conducted at a temperature range of  − 35 to 55 °C 
(Fig. 2). It was found that thermal conductivity values were 
in the range of 0.049–0.083 for To, Fo and T1 films, whereas, 
0.078–0.99 was the range of T2, T3 and T4 films. The lowest 
values for thermal conduction was observed in the cases 
of T2 and T3 films. This might be due to the higher crys-
tallinity in case of fenugreek mucilage compared to taro 
starch. Fenugreek matrix showed a balanced response to 
increasing and decreasing temperature during thermal 
conductivity analysis [4]. Results found that combination 
ratios and particle to particle spacing which appeared in 
developed films had significant (P ≤ 0.05) effect on the 
heat gain and heat losses process of each film in a specific 
range of temperature on thermal conductivity. Similar 
correlations were observed in ambient and cryogenically 
ground fenugreek powder by [21] where particle to parti-
cle space (void space) found variation in values of thermal 
conductivity.

11.3  Microbiological analysis of films

The Aerobic Plate Count (APC) has been used as an indi-
cator to check the presence of bacteria in a food product. 
The APC does not measure the entire bacterial popula-
tion, but rather it measures the number of bacteria that 
grow in the presence of oxygen (aerobically) and at a 
medium range of temperature (mesophilic). APC values 
for edible films were found as 1.5 × 102 ± 0.03 cfu/mL for 
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Fig. 1  Swelling behavior of ediblefilms. To-Taro starch powder; 
Fo-Fenugreek mucilage powder; T1-Taro starch powder + pure 
fenugreek mucilage powder in ratio, 1:1; T2-Taro starch pow-
der + Fenugreek mucilage powder ratio, in 1:2; T3-Taro starch pow-
der + Fenugreek mucilage powder in ratio, 1:3; and T4-Taro starch 
powder + Fenugreek mucilage powder in ratio, 2:1

Table 3  Colour analysis of edible films

To-Taro starch powder; Fo-Fenugreek mucilage powder; T1-Taro 
starch powder + pure fenugreek mucilage powder in ratio, 1:1; 
T2-Taro starch powder + Fenugreek mucilage powder ratio, in 1:2; 
T3-Taro starch powder + Fenugreek mucilage powder in ratio, 1:3; 
and T4-Taro starch powder + Fenugreek mucilage powder in ratio, 
2:1

S.No Films Chroma Hue angle Whiteness index

1 To 78.80 ± 3.6 33.51 ± 0.6 74.92 ± 2.7
2 Fo 66.17 ± 1.9 22.67 ± 0.7 61.73 ± 0.8
3 T1 71.92 ± 0.8 25.85 ± 0.9 69.66 ± 1.5
4 T2 70.42 ± 2.7 27.58 ± 2.1 65.91 ± 1.6
5 T3 68.46 ± 1.7 24.36 ± 1.2 65.36 ± 1.8
6 T4 73.88 ± 2.2 29.32 ± 1.6 71.52 ± 0.9
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To film and, 1.1 × 102 ± 0.03 cfu/mL for T2 films, respec-
tively [32]. Least microbial growth was observed due to 
the presence of anti-bacterial and medicinal properties of 
fenugreek mucilage which resisted the growth of micro-
organisms on films. It was 1.0 × 102 ± 0.03 cfu/mL for (Fo) 
film,1.4 × 102 ± 0.03 cfu/mL for T4 and 1.1 × 102 ± 0.03 cfu/
mL for T1film. Through the microbial analysis of edible 
films it was observed that in the films where there was a 
higher concentration of taro starch or pure starch films, 
maximum growth of microbes were found. This is due to 
the reason that if there was membrane of anti microbial 
components in the starch polymer which can restrict the 
microbial growth, then it is possible to control the micro-
bial attack but as the taro starch does not contain such 
component compared to fenugreek mucilage.

12  Scanning electron microscopy (SEM) 
analysis

SEM microstructural analysis exhibits the material changes 
during various process and it can also help to understand 
the mechanisms and changes in the quality parameters of 
food texture [13]. SEM of edible films shows smooth surfaces 
for To, Fo and T1 films, but in the case of films with combina-
tion ratio, i.e. T2, T3 and T4 film surface become coarser and 
number of voids also increased. SEM graphs for pure taro 
starch (Fig. 3a) and pure fenugreek mucilage films (Fig. 3b) 
found smoother and clear surfaces. Even though the particle 
size of fenugreek mucilage and taro starch during film devel-
opment was kept uniform, still due to the non-homogenous 
mixing of samples during film formulation created irregu-
larities in developed film structures. The SEM micrograph 
found more voids, which can be clearly visible in Fig. 3.[33] 
reported similar results on structural characteristics of edible 

films on fruit quality. However, the edible films with more 
ratio of taro in the films found the cross-sectional structure 
(Fig. 3c), which can be correlated with of elongation at break 
% values of theses films. The more voids and coagulated 
structure were seen in the T4 film (1d). This can be correlated 
it with the lowest rupture strength values of T4 film.

13  Water vapor permeability (WVP)

Water vapour permeability can be stated as the rate of 
water vapor penetrating inside the edible films, for exam-
ple, protein relies upon this perfect conduct, because of 
the collaboration of penetrating water atoms with polar 
gatherings in the film structure. From the results it was 
found that the least water vapour permeability was as, To 
˃T4 ˃ T3 films, however the highest water vapour perme-
ability was found as Fo > T1 > T2 films, respectively. The 
water vapour permeability of edible films were founded 
in the range of 1.53–2.79 mg/Pa.s.m2 X  10–11. The values 
for WVP are related to the structural arrange of films as 
seen in SEM analysis. Therefore, these extended structures 
are associated with hydrogen, ionic, hydrophobic nature 
and covalent bonding between the particles to particles 
of films [22]. The results found non- significant effect on 
water vapor permeability of edible films (P ≤ 0.05) [34]. 
reported the close agreement of results for crosslinked 
peanut protein films with the results of our study.

14  Conclusions

The pure fenugreek mucilage (Fo) and pure taro starch 
(To) films had more influence on film properties compared 
to combinations of mucilage and starch films. The opti-
cal properties of the films found better results for pure 

Fig. 2  Thermal conductiv-
ity of To, Fo, T1 and T4 films. 
To-Taro starch powder; Fo-
Fenugreek mucilage powder; 
T1-Taro starch powder + pure 
fenugreek mucilage powder 
in ratio, 1:1; and T4-Taro starch 
powder + Fenugreek mucilage 
powder in ratio, 2:1
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fenugreek mucilage (To) and pure taro starch (Fo) films 
compared to other films. Similar results were found for 
swelling index with highest values at 0.03 and 0.04 for T0 
and T4 films. The color analysis of films found good result 
in case of chroma, hue, and whiteness index (WI) for T0 
and T4 films. Films prepared by pure mucilage and pure 
starch have better textural properties than that of films 
of combinations of mucilage and starch as shown by SEM 
micrographs.The rupture strength of the films with higher 
concentration of fenugreek mucilage found better results 
than other edible films. Films with the pure fenugreek 
mucilage (Fo) and pure taro starch (To) found good ther-
mal stability in the range of  − 35 °C to 50 °C. All the films 
showed some bacterial colony growth, thus it was con-
cluded that films have antimicrobial properties films which 
prepared with pure fenugreek (Fo) and higher concentra-
tion of fenugreek i.e. T2 and T3 films. Films with higher 
ratios of fenugreek mucilage found more water vapour 
affinity compared to other films. From the results it can be 
concluded that using pure fenugreek mucilage and pure 
taro starch are suitable for development of edible films.
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