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DESIGNING HIGH-PERFORMANCE EDIBLE FILMS FROM NATURAL STARCHES:
A STUDY ON BARRIER, MECHANICAL, AND SOLUBILITY PROPERTIES

Annotation: This study aimed to evaluate the physicochemical properties of edible films prepared
from five types of starch —rice, cassava, corn, potato, and wheat — combined with three food-grade plasticizers:
glycerol, sorbitol, and xylitol. The films were produced by casting a fixed starch suspension containing selected
plasticizers, followed by controlled drying. Water vapor permeability (WVP), tensile strength (TS), elongation
at break (E%), and water solubility were measured to assess the films’ functional performance.

The results showed that starch origin and plasticizer type had significant effects on all measured
properties. Rice and potato starch films plasticized with sorbitol or xylitol exhibited low WVP and high tensile
strength, indicating good barrier and mechanical performance. In contrast, cassava and corn starch films
plasticized with glycerol displayed enhanced flexibility and higher solubility, but lower tensile strength and
moisture resistance.

These findings suggest that starch-based edible films can be tailored for specific food packaging
applications by selecting appropriate starch-plasticizer combinations. The study supports the potential use of
local starch resources for the development of biodegradable, functional food packaging materials.

Key words: starch-based films; plasticizer; water vapor permeability; tensile strength; solubility;
biodegradable packaging.

Introduction

Conventional food packaging materials are predominantly synthetic polymers derived from
petroleum. Their excellent mechanical strength and barrier properties make them widely used for
food preservation. However, these materials are typically non-biodegradable and persist in the
environment for extended periods after disposal, contributing to serious white pollution [4]. This
poses potential threats to ecosystems and human health. With growing public awareness of
environmental protection and increased emphasis on sustainable development policies, there is an
urgent need to develop eco-friendly and biodegradable alternatives to conventional packaging [3, 4].

In recent years, bio-based edible films have garnered significant attention due to their
biodegradability, biocompatibility, and edibility. These films are typically derived from natural
macromolecules such as starch, proteins, and polysaccharides [5]. They can degrade rapidly under
natural conditions and pose no toxic threat to food. Under certain formulations, they may even exhibit
antioxidant and antimicrobial properties, offering a promising solution for modern green food
packaging [6].

Starch, as a low-cost, renewable, and abundantly available natural polymer, plays a central
role in the development of edible films. Among the various starch sources, rice, cassava, corn,
potato, and wheat starches are of particular interest due to their distinct structural and functional
properties. These starches possess inherent film-forming capabilities and vary in amylose-to-
amylopectin ratios, crystallinity, and granule morphology, which directly influence the film’s
mechanical strength, flexibility, and barrier performance.

However, pure starch films tend to be brittle and highly sensitive to moisture, resulting in
compromised mechanical and barrier properties. To overcome these limitations, researchers have
explored the incorporation of plasticizers (e.g., glycerol, sorbitol) and other functional components,
as well as the optimization of film processing parameters such as temperature, pH, and drying
conditions [6, 7]. These modifications can enhance the film’s stability, reduce water vapor
permeability (WVP), and improve mechanical properties [8].

Furthermore, advancements in starch-based film technology include physical modifications
such as thermal treatment, irradiation, and blending with biocompatible additives. These approaches
aim to tailor the microstructure and physicochemical properties of the films for specific food
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packaging applications, particularly in high-humidity environments where moisture resistance is
critical [9].

In summary, although starch-based edible films — especially those derived from rice,
cassava, corn, potato, and wheat — offer significant promise as sustainable packaging solutions, key
challenges such as moisture sensitivity and limited mechanical integrity remain [10-12]. This study
investigates the effects of starch source, plasticizer type, and formulation parameters on the
structural, barrier, and mechanical properties of edible films, providing theoretical insights and
practical strategies for the development of high-performance, biodegradable food packaging
materials [13].

Research methods

Starch Irradiation

Five types of starches were selected for this study: rice starch (Marzhan variety, Kyzylorda
Region), cassava starch (Cassava 531, South Kazakhstan), corn starch (Altyn Dan, Almaty Region),
potato starch (Gala, East Kazakhstan), and wheat starch (Steklovidnaya-24, North Kazakhstan).
Rice and cassava starches were subjected to physical modification via gamma irradiation using the
ILU-10 electron accelerator (Budker Institute, Novosibirsk, Russia) at the National Nuclear Center of
the Republic of Kazakhstan. Irradiation doses of 0, 3, 6, and 9 kGy were applied to study the dose-
dependent changes in starch structure.

Plasticizers such as food-grade glycerol, sorbitol, and xylitol were used for film preparation,
while low molecular weight chitosan (290% deacetylated) was used in selected formulations. All
chemicals were of analytical or food-grade purity [14].

Film Preparation

Edible films were prepared using starch extracted from rice, cassava, corn, potato, and
wheat. For each starch type, a 5% (w/w) suspension was made by dispersing dry starch in distilled
water. Different polyols (glycerol, sorbitol, and xylitol) were added as plasticizers at concentrations
specified in Table 1. The mixture was preheated at 60 °C for 5 minutes and homogenized at 50 °C
under continuous magnetic stirring for 10 minutes [15].

Table 1 — Polyol content added to starch-based edible films (w/w%)

Starch Source Glycerol (%) Sorbitol (%) Xylitol (%)
Rice 20 25 20
Cassava 15 20 25
Corn 20 25 20
Potato 15 30 25
Wheat 25 20 30

After preparation, 8 mL of the film-forming solution was poured into 9cm diameter
polypropylene Petri dishes and dried in a ventilated oven at 28 °C for 10 hours. Dried films were
conditioned at 25 °C and 50% relative humidity before testing [16].

Determination of Water Vapor Permeability (WVP)

Water vapor permeability was measured by the gravimetric method adapted from ASTM
E96/E96M-22 [17]. The film was sealed onto a permeation cell filled with 3 g of anhydrous calcium
chloride and placed in a controlled humidity chamber (75% RH) at 38 °C. Mass increase was
recorded at 2-hour intervals for 24 hours. The WVP was calculated using the following equation:

WVP =Am-d/(S-t- AP)

where:

. Am\Delta mAm: mass change (g)

. ddd: film thickness (mm)

. SSS: effective film area (m?)

. ttt: time (h)

. AP\Delta PAP: partial pressure difference (kPa)

Mechanical Properties
Tensile strength (TS) and elongation at break (E%) were evaluated using a texture analyzer
(TA.XT2i, Stable Micro Systems). Films were cut into strips (10 mm x 100 mm), and the thickness
was measured using a micrometer. The test speed was set to 50 mm/min. The following formulas
were used:
TS = Fmax/S
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Solubility Test

Film solubility in water was assessed by immersing 0.3 g of film samples in 40 mL of distilled
water at 25 °C for 24 h with gentle shaking. After incubation, the films were filtered, dried at 105 °C
for 6 h, and weighed. Solubility (%) was calculated as:

Solubility = (W0 — Wr)/W0 x 100

Where WOW_0WO is the initial dry weight and WrW_rWr is the residual weight after drying.

Research results

Water Vapor Permeability (WVP) Analysis

The water vapor permeability (WVP) values of starch-based edible films prepared with
different plasticizers are summarized in Figure 1. Clear variations in WVP were observed depending
on both the starch origin and the type of plasticizer used.

Water Vapor Permeability (WVP) of Starch-Based Edible Films with Different Plasticizers
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Figure 1 — Water vapor permeability (WVP) of starch-based edible films prepared
with different plasticizers
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Among the five starch types, cassava starch films plasticized with glycerol showed the
highest WVP (0.0212 g-mm/kPa-m?-h), indicating a less compact film network and greater moisture
diffusion. This result can be attributed to the highly branched structure of amylopectin in cassava
starch, which is more easily disrupted by hydrophilic plasticizers. In contrast, potato and rice starch
films with sorbitol exhibited the lowest WVP values (0.0133 and 0.0137, respectively), suggesting a
denser film matrix and more effective moisture barrier properties.

Corn starch films demonstrated intermediate WVP values, with the lowest value (0.0127)
observed in the corn-xylitol formulation. Wheat starch films, though relatively resistant to moisture
when combined with xylitol (0.0130), showed the highest WVP with sorbitol (0.0223), reflecting a
strong dependence on starch-plasticizer interactions.

These findings confirm that both starch composition and plasticizer selection significantly
influence the moisture barrier performance of edible films. In particular, formulations based on potato
or rice starch with sorbitol or xylitol demonstrated superior resistance to water vapor transmission,
making them promising candidates for food packaging applications requiring enhanced moisture
control.

Grouped bar chart showing the WVP values (g-mm/kPa-m?-h) of edible films formulated
using five starch sources (rice, cassava, corn, potato, and wheat) and three plasticizers (glycerol,
sorbitol, xylitol). Cassava-glycerol films showed the highest permeability, while potato-sorbitol and
rice-sorbitol films exhibited the lowest.

Mechanical Properties (TS and E%) Analysis

The mechanical performance of the starch-based edible films, expressed in terms of tensile
strength (TS) and elongation at break (E%), is shown in Figures 2 and 3. Both properties varied
significantly depending on the starch source and the type of plasticizer applied.

Among all tested combinations, rice starch films plasticized with glycerol exhibited the highest
TS value (19.61 MPa), indicating a strong, cohesive network. This performance is likely due to the
higher amylose content in rice starch, which contributes to film rigidity and tensile integrity.
Conversely, cassava starch films with glycerol showed the lowest TS (13.70 MPa), reflecting weaker
film structure and greater susceptibility to plasticizer-induced softening. In general, xylitol-preserved
strength better than sorbitol or glycerol in corn and wheat starch films.
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Tensile Strength of Starch-Based Edible Films with Different Plasticizers
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Figure 2 — Tensile Strength of Starch-Based Edible Films with Different Plasticizers
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Figure 3 — Elongation at Break of Starch-Based Edible Films with Different Plasticizers.
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The elongation behavior demonstrated an opposite trend to TS. Films formulated with
glycerol exhibited the highest extensibility across most starch types. For example, rice-glycerol films
achieved an elongation of 80.3%, while cassava-sorbitol films and potato-glycerol films also showed
high extensibility (63.8% and 75.2%, respectively). In contrast, xylitol-plasticized films generally
displayed lower elongation values, indicating reduced flexibility and a more brittle structure.

Overall, the results demonstrate a clear trade-off between strength and flexibility, as
influenced by starch composition and plasticizer selection. Glycerol proved most effective for
improving flexibility, while xylitol contributed to tensile reinforcement. These findings highlight the
importance of plasticizer-polymer compatibility in tailoring edible film performance for specific food
packaging applications.

Solubility Analysis

The water solubility of starch-based edible films after 24-hour immersion at 25 °C is shown
in Figure 4. Solubility is a critical parameter affecting the film’s behavior in humid environments and
its suitability for specific food packaging applications.
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Figure 4 — Water Solubility of Starch-Based Edible Films with Different Plasticizers
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Among all tested combinations, rice-xylitol films showed the highest solubility (47.3%),
followed by rice-sorbitol (44.9%) and cassava-xylitol (43.8%). These results indicate that both starch
composition and plasticizer hydrophilicity contribute to water sensitivity. Xylitol, being highly water-
soluble, enhanced the release of film components into the surrounding medium, particularly in
starches with lower molecular ordering.
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Conversely, cassava-glycerol and potato-sorbitol films demonstrated relatively low solubility
values (29.2% and 31.0%, respectively), indicating greater water resistance. This may be due to
stronger internal hydrogen bonding and partial retrogradation of starch chains during film formation.

Overall, films formulated with glycerol showed moderate solubility, balancing water stability
and processability. The data suggest that starch-plasticizer compatibility and structural integrity are
key factors governing the solubility behavior of edible films.

Discussion

This study investigated the influence of starch type and plasticizer on the barrier, mechanical,
and solubility properties of edible films made from rice, cassava, corn, potato, and wheat starch.
Each starch type was combined with three food-grade plasticizers: glycerol, sorbitol, and xylitol,
following a fixed formulation design.

The results showed that water vapor permeability (WVP) varied considerably among the
starch-plasticizer combinations. Films made with cassava starch and glycerol exhibited the highest
WVP values, indicating a more open structure that allowed greater moisture transmission. In
contrast, rice and potato starch films plasticized with sorbitol or xylitol demonstrated the lowest WVP,
suggesting tighter molecular packing and better moisture barrier properties.

Mechanical tests revealed typical plasticizer effects. Glycerol significantly improved film
flexibility, leading to higher elongation at break across all starch types. The highest elongation
(80.3%) was observed in rice-glycerol films. However, this flexibility came at the expense of tensile
strength, which was better preserved in xylitol-containing films. Rice-xylitol and wheat-xylitol films
showed relatively high tensile strength, indicating stronger film networks.

Film solubility also depended on both starch type and plasticizer. Xylitol- and sorbitol-based
films were more soluble, especially those made from rice and cassava starch, reflecting greater
interaction with water. Glycerol-based films were more stable in aqueous environments, particularly
in the case of cassava and potato starch, suggesting potential use in applications requiring water
resistance.

In summary, the results confirm that both the starch origin and plasticizer type must be
carefully selected to achieve specific performance characteristics. Rice and potato starch films with
sorbitol or xylitol are suitable for packaging requiring moisture resistance and strength, while cassava
and corn starch films with glycerol are better suited for flexible or dissolvable film applications. These
findings provide a foundation for the targeted development of biodegradable films based on local
starch sources.

Conclusion

In this study, edible films were successfully prepared using five types of starch — rice,
cassava, corn, potato, and wheat — in combination with three food-grade plasticizers: glycerol,
sorbitol, and xylitol. The influence of starch origin and plasticizer type on water vapor permeability,
mechanical performance, and solubility was systematically evaluated.

The results demonstrated that rice and potato starch films, particularly those plasticized with
sorbitol or xylitol, provided better moisture barrier properties and relatively high tensile strength,
making them suitable for packaging applications where structural integrity and low permeability are
required. Cassava and corn starch films with glycerol exhibited greater flexibility and elongation, but
higher WVP and solubility, indicating potential use in flexible packaging or edible coatings.

Overall, the functional characteristics of starch-based edible films can be effectively tailored
by selecting appropriate combinations of starch and plasticizer. These findings provide a scientific
basis for the development of biodegradable food packaging materials from locally available starch
resources.
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TABUFU KPAXMAIOAPOAH XXACAIFAH XXOFAPbI CAMNAIbI XKEYTE XKAPAMObI NNEHKAINAPAObI
XOBAIAY: TOCKAYbINAObIK, MEXAHUKAIDbIK >XOHE EPITILLUTIK KACUETTEPIH 3EPTTEY

byn 3epmmey xyaepi, kapmorn, budal, Kypiw xoHe Kaccaga cusikmbl 6ec mypni Kpaxmars mypiHeH
maramObIK rreHkKaap dalbiHOay xeHe onapdbiH hu3uKka-xuMusinbiKk KacuemmepiH 6aranayra 6arbimmarnobl.
lMneHkanap maramObiK 2ruyepuH, copbum XoeHe KCumum Ccuskmbl yw mypni nnacmugbukamopmeH
OalibiHOandbl. @unbmdep mypakmbl KOHUeHMpayusinbl Kpaxmar CycrieH3usicbiHaH KyUbinbir, 6eneini 6ip
memrnepamypada kenmipindi. CodaH KeliH cy 6ybiHbIH emkiseiwumiai (WVP), cosbiny 6epikmiai (TS), y3iny
kesiHdeai y3apy (E%) xxeHe cyda epieiumiai cussikmbi kepcemkiwimep 3epmmeroi.

Hamuxenep kepcemkeHdedl, KpaxmandblH mypi MeH KondaHblniFaH rnnacmugbukamop rieHkanapobiH
b6apnbiKk KacuemmepiHe alimaprnbikmal acep emedi. CopbumneH Hemece KcunumreH OalbiHOanFaH Kypiuw
reH kapmon Kpaxmaribi HezisiHOeai nneHkanap memeH WVP xoaHe xoFapbl MexaHuKasbik bepikmik kepcemmi.
An enuuepuHMmeH OalbiHOanFaH Kaccaea XoHe Xyeaepi kpaxmandapbl uxkemdirniei xorapbl, bipak cyra
measimdiniei meH bepikmiai memeH nneHkanapra akenoi.

Ocebinatiwa, Kpaxman MeH rnacmugukamopObiH OypbiC yUnecimi apKbiribl maraMOblK opamariapra
apHariraH buonoausnbiK biObipalimsiH rieHKanapobiH KacuemmepiH Makcammbl mypde pemmeyee 6051aobl.
byn 3epmmey KazakcmarOa KormkemimOi kpaxmar ke30epiH natidanaHa ombipbir, 9KO02Us/IbIK masa opay
MamepuandapbiH a3iprieyae fbinbiMu Heai3 bepedi.

TytiH ce30ep: Kpaxmarn HeaiziHOeai nneHKanap; niacmuguxkamop; cy 6ybiHbIH emkidzilmizi; co3biny
bepikmiei; epiziwumik; 6uonoausinbik bidbipaltimbiH opamMmarap.
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PA3PABOTKA BbICOKOJ®®EKTUBHbLIX CbEAOBHbLIX MNEHOK U3 HATYPAJIbHbIX
KPAXMANOB: UCCIIEAOBAHUE BAPbEPHbIX, MEXAHUYECKUX N PACTBOPUMbIX CBOUCTB

Lenbto 0aHHo20 uccnedosaHusi 6bino oueHUMb OU3UKO-XUMUYecKue ceolicmea cbed0bHbIX M1EHOK,
rpU20MOoB/IeHHbIX Ha OCHOBE MNSIMU 8UO08 Kpaxmasia — puco8020, Kaccashbl, KyKypy3HO20, KapmoghesibHO20 U
MUWeHUYHO20 — C UCMob308aHUEM MPEX NUUWEBLIX Naacmugukamopos: anuyepuHa, copbuma u Kcunuma.
lnéHku uzzomaenuearnucs MemoOOM NUMbS U3 CyCreH3uu Kkpaxmana ¢ 0obasneHueM nnacmugukamopos,
¢ nocnedyowel cywkol npu KoHmposnupyemsix ycnosusix. [lpoeodunuck usmepeHusi 800sIHOU
napornpoHuyaemocmu (WVP), npowyHocmu Ha pa3spbie (TS), ydnuHeHuss npu pa3pbiee (E%) u
sod0opacmeopumocmul.

Pesynbmamabi nokasasnu, 4mo rpoucxoxoeHue Kpaxmarna u mur naacmugukamopa Cyu,ecmeeHHO
8/1usilom Ha 8ce uccrnedyembie xapakmepucmuku. [TnéHKU Ha OCHO8e PUCOB020 U KapmogheslbHO20 Kpaxmara
€ copbumom usu KCunaumom rnpodeMoHCmMpPUpPO8asnu HU3KYH MapornpoHUUaeMoCcmb U 8bICOKYH MPOYHOCMb,
4Ymo yka3bigaem Ha xopouwue bapbepHbie U MexaHu4Yeckue ceolicmea. B mo xe epemsi NnéHKU U3 Kpaxmarna
Kaccasbl U KyKypy3bl C enuuyepuHom obnadanu 6onbweli eubkocmbio, HO xydwel 80docmolKocmbio U
MPOYHOCMbIO.

Takum o6pa3om, ceolicmea CbedObHbIX KpaxmasibHbIX [MNIEHOK MOXHO adanmuposamb 100
KOHKpemHble 3adayu nuweeol ynakoeku nymém nodbopa coomeemcmeyouux KombuHayuli kpaxmana u
nnacmugpukamopa. MHccnedosaHue nodmeepxdaem rnomeHyuan UCNob308aHUSI MECMHO20 Cbipbsi Osisl
paspabomku buopasznazaemoll hyHKUUOHAIbHOU yraKoeKu..

Knroyesble crnoea: KkpaxmasibHbie MAEHKU, nnacmugukamop; napornpoHUUaemMocms; NpoYHOCMb Ha
paspbig; pacmeopumocmb,; buopasnazaemas yrakoska.
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