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ABSTRACT

Wheat straw is a versatile and abundant agricultural by-product that holds significant importance in various
industries and environmental contexts. In this study, wheat straw collected from farmers was used for the
development of biofilm. The best condition of film was obtained at 2.5% wheat straw concentration,
concentration of 30 % sorbitol, and 1.5% gelatin. With a maximum tensile strength of 25.6% and an elongation
break of 18.3%, thickness of 0.22 mm, solubility of 20%, and swelling index of 25%, the maximum strength
of the film was 25.6 pa. Solubility values were 40% and 12%, respectively. Soil burial degradation studies
were carried out to evaluate the biodegradability of the material under natural environmental conditions.
The weight loss of the composite films during 15 days soil burial study was above 85%.
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Introduction

Wheat straw is a versatile and abundant agricultural
by-product that holds significant importance in vari-
ous industries and environmental contexts. It is the
residue left behind after wheat grains have been har-
vested from the wheat plant (Triticum aestivum) dur-
ing the threshing process. Wheat, one of the most
widely cultivated cereal crops globally, serves as a
staple food source for millions of people. As a result,
the large-scale cultivation of wheat generates sub-
stantial quantities of wheat straw as a natural by-
product. Gelatin is a translucent, colorless, flavorless
food ingredient, commonly derived from collagen
taken from animal body parts. It is brittle when dry
and rubbery when moist. It had emerged as an effec-
tive alternative to conventional packaging materials
due to their biocompatibility good film-forming

properties, abundance in nature, effective absorp-
tion of UV light due to the presence of aromatic
amino acids in their structures, and good mechani-
cal properties (Sunderman et al., 2018). Sorbitol is a
kind of polyol. It is an effective plasticizer due to it
has an active hydroxyl group i.e., some -OH or -NH
rich polymers. It is good enough to reduce internal
hydrogen bonds that will improve the intermolecu-
lar distance. As sorbitol is a nontoxic, it can be used
in some food contacting materials and makeas a
good choice food packaging material (Maulida and
tarigan, 2016)

Materials and Methods

The experimental setup and techniques used to de-
velop biodegradable films from wheat straw and,
the methods for determining physico-chemical, me-
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chanical, biodegradable properties of biopolymer
film as a food packaging material was mentioned.
Raw materials like wheat straw were purchased
from the local farmers. All the chemicals used like
hexane, sodium hydroxide, sodium hypochlorite,
sulfuric acid, hydrogen chloride, glycerol, sorbitol
was procured from the Tharun laboratories.

Extraction of cellulose from wheat straw and film
formation

Wheat straw was washed, sun dried and powdered,
then treated with 15% Hcl (v/v) at 90 0C for 2h fol-
lowed by washing with distilled water. Using NaoH
an alkaline solution of 20% (w/v) for 2h at 90 0C in
hot air oven followed by washing with distilled
water. Using 15% Naclo (v/v) for bleaching at 90 0C
for 2h and then filtered with sieve and washed with
distilled water followed by drying (Olt et al., 2020).
The process was given in the below flow chart.

Wheat straw 1g/10 ml mixed with 15 Hcl (v/v) at
90 0C for 2h


Sample boiled in alkaline solution with 20% (w/v)

NaoHfo 2h at 90 0C


Washing


Bleached with 15% Naclo (v/v) at 2h at 90pc


Filtered


Washed


Dried


Degraded wheat straw suspended in 10ml of
distilled water


Stirred continuously for 1h on hot plate


Added (10 -30%) sorbitol +(1.5%) gelatin


Stirred continuously for 10 min on hot plate


Add 1ml of oil


Casting on polypropylene plates


Drying at ambient temperature for 24h

Determination of Physico-chemical and Mechani-
cal Properties of the Developed Cellulose Based
Biopolymeric Film

Thickness

The micrometre (Mitutoyo, Japan) was used to mea-
sure the thickness of thedeveloped film with an ac-
curacy of ± 0.001 mm. Ten different points (Ran-
domly...) of measurements were carried out on indi-
vidual films. The film’s average thickness and mean
values were calculated as per the procedure re-
ported by Sani (2019).

SwellingIndex

The film sample of 2.5 cm × 2.5 cm was cut into
pieces and weighed (W1). The sample film was then
dipped in deionized water (25 oC) for 24 h. The wet
sample was sponged with filter paper to remove ad-
ditional surface water and swelled film was
weighed (W2) as per the procedure adopted by Cao
et al., (2007). It was expressed in percentage. The ex-
periments were carried out in triplicates and mean
values were recorded. The quantity of water ab-
sorbed from the film was calculated by using the
standard equation:

W1–W2
Swelling Index (%) = × 100

W1
Where,
W1 = Initial weight of the sample, g
W2=Final weight of the sample, g

Tensile Strength

Rectangular-shaped film specimens of 2 cm wide
and 8 cm long were cut from film sheets and used
for the tensile tests. The tensile strength of the films
was determined using a tensile testing machine
(Model: GP-10-DX) as per the ASTM-D882 standard
method. Tensile tests were performed at room tem-
perature with a crosshead speed of 10 mm/min. At
least three samples were tested for each film and the
average values are reported. The tensile strength of
the biopolymeric films was calculated by using the
following formula.

F
TS =

L × W × T
Where,
TS = Tensile strength, Pa; F = Tension at break, N;

L = Length of film, mm; W= Width of film, mm; T=
Thickness, mm
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Elongation at Break

Elongation at break of developed biopolymeric film
was determined by using similar procedure ex-
plained under Section 3.5.4. A film sample of size 8
cm x 2 cm was used for the experiment. Elongation
at break (Eb) of biopolymeric films was calculated
by Faramaraz et al., 2019 using the following for-
mula.

Eb = Lb/L0 ×  100
Where,
Eb = Elongation at break (%)
Lb = Length of film at break, mm Lo = Original

length of film, mm

Biodegradability Test

The biodegradability of the film was determined
based on the film weight loss after burying the film
in soil. A 5×5 cm2 square film was taken and
weighed (W1). The samples were placed in an open
field. The film was buried inside the soil for two
months. After two months, the film was removed
from the soil, cleaned and weighed (W2). Weight
loss of film was determined by using the following
formula (Xu et al., 1996). The measurement was re-
peated three times for each film, and an average
value was    calculated and expressed in percentage.

W1–W2
Weight loss (%) = × 100

W1

W1 = Initial weight of the sample, g
W2 = Final weight of the sample, g

Results and Discussion

Thickness

Thickness of the film is affected by the factors like
composition, amount of film forming solutions, and
processing conditions. The maximum and minimum
thickness obtained respectively was 0.22 and 0.12
mm.

Tensile Strength and Elongation break

The material made from wheat straw by adding dif-
ferent concentrations of sorbitol and gelatin as men-
tioned above were tested for tensile strength. It was
found that all maximum tensile strength of 25.56 pa
was observed at 30% sorbitol and 1.5% gelatin. And
minimum tensile strength of 16.16mpa was ob-

served at 20% sorbitol and 1.1% gelatin. The de-
struction of original hydrogen bonding by sorbitol
addition would improve the mobility of the macro-
molecular segments, resulting in the highly en-
hanced flexibility of the films. The weakening of in-
termolecular interactions between adjacent chains
causes a decrease in tensile strength, increasing the
free volume and lowering the mechanical strength.
As the concentration of sorbitol increases, tensile
strength increases, and elongation at break de-
creases. The maximum and minimum elongation
break values are 29.1 and 18.3 %.

Swelling index and Solubility

Regarding swelling index, minimum was observed
at 30% sorbitol and 1.5% gelatin due to according to
Lubis M, macromolecules. The maximum swelling
index was observed at 40% sorbitol and 1.1% gelatin
and minimum at 12%. With the increase of sorbitol,
the water content at equilibrium increased. There
were six -OH groups per sorbitol molecule, which
could form hydrogen bonding interactions with
wheat straw and water, thus increased the quantity
of bonded water and depressed the water release
during drying. Water uptake of straw based films
with sorbitol was ten times lower than that of non-
plasticized films, according to Lavorgna et al. (2010).
The maximum, minimum solubility values are 40%
and 12% respectively.

Biodegradability

Soil burial degradation studies were carried out to
evaluate the biodegradability of the material under
natural environmental conditions. After the burial of
the films in the soil for 180 days, the percentage
weight loss was recorded. The buried material ex-
hibited reduced size. The degradation rate 30% sor-
bitol and 1.5% gelatin were much faster. The pres-
ence of starch increases the microbial attack and the
biodegradation rates by stimulating biofouling and
the adhesion of microorganisms to the surface lead-
ing to roughness and formation of crevices. The
weight loss of the composite films during 15 days
soil burial study was above 85%.

Conclusion

In this study, wheat straw collected from the farm-
ers were used for development of biofilm.  Besides,
sorbitol, gelatin used as a source of increasing the
strength and flexibility. The best condition of biofilm
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was obtained at 2.5% wheat straw concentration,
concentration of 30 % sorbitol, and 1.5% gelatin.
with a maximum tensile strength of 25.6% and an
elongation break of 18.3%, thickness of 0.22mm,
solubility of 20% and swelling index of 25%.The film
was degraded 85% for 15 days.

References

Cao, Na., Yuhua, Fu. and Junhui, H. 2007. Preparation and
physical properties of soy protein isolate and gela-
tin composite films. Food Hydrocolloids. 21(7): 1153-
1162.

Faramarz, A.G., Meysam, N.N., Ismail, G. and Sajjad, D.
2019. Predicting the tensile strength and elongation
at break of PP/graphene/ glass fiber/EPDM
nanocomposites using response surface methodol-
ogy. Mechanics of Advanced Materials and Structures.
13(9): 345-357.

Harussani, M.M., Sapuan, S.M., Firdaus, M., Badry Y.A.,
Hussein, E.E. and Bahy, Z.M. 2021. Determination
of the tensile properties and biodegradability of
cornstarch-based biopolymers plasticized with sor-
bitol and glycerol. Polymers. 13(21): 3694-3709.

Lavorgna, M., Piscitelli, F., Mangiacapra, P. and
Buonocore, G.G. 2010. Study of the combined effect
of both clay and glycerol plasticizer on the proper-

ties of chitosan films. Carbohydrate Polymers. 82(2):
291-298.

Lubis, M., Harahap, M.B., Manullang, A., Ginting, M.S.
and Sartika, M. 2017. Utilization starch of jackfruit
seed (Artocarpu sheterophyllus) as raw material for
bioplastics manufacturing using sorbitol as plasti-
cizer and chitosan as filler. Journal of Physics Confer-
ence Series. 801(1): 012014.

Maulida, M.S. and Tarigan, P. 2016. Production of starch
based bioplastic from cassava peel reinforced with
microcrystalline cellulose avicel PH101 using sorbi-
tol as plasticizer. International Journal of Physics Con-
ference Series. 710 (1).

Olt, J, Maksarov, V.V., Soots, K. and Leemet, T. 2020. Tech-
nology for the production of environment friendly
tableware. Environmental and Climate Technologies.
24: 57–66.

Sani Mukul, 2019. Production of bioplastics and sustain-
able packaging materials from rice straw to eradi-
cate stubble burning, A Mini-Review. Environment
Conservation Journal. 21(3): 2278-5124.

Sundermann, R., McClanahan, N., Stegmeier, N., Doom,
J. and Kimn, J.H. 2018. Parallel Simulations of
Biofilm Flow using the Modified Cahn-Hilliard
Equation. Macromolecules. 14(4): 1811-1842.

Xu, J., Mc Carthy, S.P., Gross, R.A. and Kaplan, D.L. 1996.
Chitosan film acylation and effects on biodegrad-
ability. Macromolecules. 29(10): 3436-3440.


