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Edible films from wheat gluten were prepared with various amounts of glycerol as a plasticizer.
Water vapor permeability, oxygen permeability, tensile strength and percentage elongation at break
at different water activities ( a

w
 ) were measured. Films with low amounts of glycerol had lower

water vapor and oxygen permeabilities, higher tensile strength and lower elongation at break. Wheat
gluten coatings reduced weight loss during two weeks of storage for cherry tomatoes and sharon
fruits compared to uncoated controls. A bilayer film of wheat gluten and beeswax significantly low-
ered weight loss from coated cheese cubes compared to single layer coating of wheat gluten.
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Introduction

There has been considerable recent interest in
edible films for foods (Kester and Fennema
1986, Guilbert 1986, Guilbert and Biquet 1989).
Such films can maintain food quality and im-
prove stability and storage life by retarding mois-
ture exchange (gain or loss) with the surround-
ing environment or between two components of
heterogeneous food products. Factors contribut-
ing to renewed interest in the development of

edible films include consumer demand for high
quality foods, environmental concerns over dis-
posal of non-renewable food packaging materi-
als, and opportunities for creating new market
outlets for film-forming ingredients derived from
agricultural commodities.

Proteins, lipids and polysaccharides can be
used as edible film-forming agents (Kester and
Fennema 1986, Gennadios and Weller 1991,
Avena-Bustillos and Krochta 1993, McHugh et
al. 1994). However, a major disadvantage of pro-
tein and polysaccharide films is their high water
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vapor permeability that is undesirable in edible
coatings or packaging materials.

Mechanical and barrier properties of wheat
gluten films have been studied (Gennadios et al.
1993a, Gontard et al. 1993, Cherian et al. 1995).
In addition to the film-forming polymer, a ma-
jor component of edible films is the plasticizer.
Addition of a plasticizing agent is necessary to
overcome film brittleness caused by intensive
intermolecular forces. Plasticizers reduce these
forces and increase mobility of polymer chains,
thereby improving film flexibility and extensi-
bility (Banker 1966, Guilbert and Biquet 1989).
On the other hand, plasticizers generally increase
gas, water vapor and solute permeability of the
film (Banker 1966) and decrease the tensile
strength. Properties of edible films can be strong-
ly affected by environmental conditions such as
relative humidity. Properties of wheat gluten
films with different concentrations of plasticiz-
er and at different conditions of relative humid-
ity have not been previously reported. Our ob-
jectives were to study mechanical and barrier
properties of wheat gluten films as a function of
glycerol content and water activity. Applications
of such films as coatings for cherry tomatoes,
sharon fruits and cheese cubes also were inves-
tigated.

Material and Methods

Material
Vital wheat gluten (crude protein 78% dry ba-
sis, Cerestar, Germany) was obtained from
Leipurien Tukku Oy, Finland. Beeswax was do-
nated by Finnish Honey Producers Ltd. Ethanol
(96%, Alko Finland), glycerol (about 87%,
Merck, Darmstadt, Germany), ammonium hy-
droxide (from ammonia 25%, Riedel-de Haën),
acetic acid (100%), calcium chloride (Merck,
Darmstadt, Germany), and solid paraffin were
obtained from Helsinki University’s Pharmacy.
Cherry tomatoes, sharon fruits and edam, em-

mental and cream cheeses were obtained from a
local wholesaler.

Film preparation
A film-forming solution was prepared using
wheat gluten (7.5 g), ethanol (45 ml), distilled
water (55 ml) and acetic acid (50%) to adjust to
pH 4 or 6N ammonium hydroxide (NH

4
OH) to

adjust to pH 10. Glycerol was added at concen-
trations of 20, 25, 30, 35, 40, 45, 50, 55 or 60%
(w/w) of gluten. All components were mixed on
a hot plate equipped with a magnetic stirrer.
When acetic acid was used to adjust pH the so-
lution was heated and stirred until its tempera-
ture reached 40°C. At that temperature the stir-
ring was continued for a further 5 min. When
ammonium hydroxide was used to adjust pH the
solution was mixed on the magnetic stirrer until
the temperature of the mixture reached 75°C
(about 10 min). The solution was then centri-
fuged at 7000 rpm for 6 min at ambient temper-
ature. Finally, the film-forming solution was
poured and spread evenly onto a Teflon covered
granite surface and dried at ambient temperature
for 20 h (modified method from Gontard et al.
1993).

Film thickness
Film thickness was measured using a microme-
ter. The thickness of individual film samples was
determined as an average of five measurements.

Water vapor permeability
Water vapor transmission rate of films was de-
termined gravimetrically at 25°C using a modi-
fied American Society for Testing and Materials
(ASTM) Standard Method E-96. The film was
sealed onto a permeation cell containing calci-
um chloride with melted paraffin wax and placed
in a conditioning chamber over saturated NaCl
solution (75% relative humidity, RH). The wa-
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ter vapor transferred through the film and ab-
sorbed by the desiccant was determined from the
weight gain of the calcium chloride. The sam-
ples, four replicates of each film, were condi-
tioned one day at 50% RH before measurements.
Water vapor permeability (WVP) (gmm/m2dkPa)
was calculated as:

WVP = WVTR·L/∆p,

where WVTR was measured water vapor
transmission rate (g/m2d) through a film speci-
men; L was mean film specimen thickness (mm);
and ∆p was partial water vapor pressure differ-
ence (kPa) between the two sides of a film spec-
imen. The effect of the air gap, as described by
McHugh et al. (1993) and Gennadios et al.
(1994), between the underside of the film and
the surface of calcium chloride in the test cells
was not taken into account in calculating water
vapor transmission rates. The air gap height was
approximately 0.4 cm.

Oxygen permeability
Oxygen transmission rates were measured using
a modification of ASTM Standard Method D
3985–81 with an Ox-Tran Twin apparatus (Mo-
con, Inc.). According to the above ASTM Stand-
ard Method specimens should be conditioned in
a desiccator over calcium chloride or another
suitable desiccator for a minimum of 48 h. How-
ever, we conditioned the specimens, four repli-
cates of each film, at 50% RH for 24 h, because
the measurements were made using humidified
oxygen and carrier gases. Test gases were hu-
midified by drawing them through distilled wa-
ter in closed bubbler tubes. This, according to
the Mocon manual, provides a relative humidity
of 50–75% in the test cells depending upon the
rate of the flow and the level of water in the bub-
bler. Flow rate of the gases was adjusted to 10
ml/min and water level in the bubblers was about
2 cm high. Oxygen transmission rates (cm3/m2d)
were determined at 25°C. Oxygen permeability
(cm3µm/m2dkPa) was calculated by dividing the
oxygen transmission rate by oxygen pressure and

multiplying by mean film thickness. The oxy-
gen pressure was essentially 1.013 × 105 Pa (1
atmosphere, atm), since film samples on the
measuring instrument were subjected to 100%
oxygen gas on one side and a carrier gas of 98%
nitrogen and 2% hydrogen on the other side.

Tensile strength and percentage
elongation at break

Film tensile strength and percentage elongation
at break were determined using an Instron Uni-
versal Testing Instrument (model 4465) operat-
ed according to ASTM Standard Method D 882–
83. Measurements were conducted at ambient
temperature (25°C) and relative humidity (50%).
Initial grip separation and crosshead speed were
set at 100 mm and 100 mm/min, respectively.

Peak loads and extension at break point were
recorded for tested film specimens (150 mm long
and 20 mm wide). Tensile strength of the sam-
ple was calculated by dividing peak load by
cross-sectional area. Thickness of individual
specimens, required to calculate cross-sectional
area, was determined as an average of five mi-
crometer readings taken on each specimen be-
fore testing. Dividing extension values by the
initial grip separation (100 mm) and multiply-
ing by 100 yielded percentage elongation at
break. Films were conditioned for two days at
each relative humidity condition before tests.
Saturated salt solutions were used to obtain the
following relative humidity conditions at 25°C:
11% with LiCl, 33% with MgCl

2
, 52% with

Mg(NO
3
)

2
, 75% with NaCl and 84% with KCl.

Ten specimens of each film at each relative hu-
midity were measured.

Application of the edible film to cherry
tomatoes, sharon fruits and cheese cubes
The edible wheat gluten film prepared with am-
monium hydroxide and 40% glycerol was ap-
plied to coat cherry tomatoes, sharon fruits and
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cheese cubes to evaluate the influence of the film
on the weight loss of the product. The tests were
run under controlled temperature, 10°C with
cherry tomatoes and sharon fruits and 5°C with
cheese cubes, for 14 days. The tomatoes used
(four replicates) were about the same size and
weight, and so were also the sharon fruits (two
replicates). The exact degree of maturity of cher-
ry tomatoes and sharon fruits was not known,
but they were from the same lot and so at the
same level of maturity. Tomatoes and sharon
fruits were dipped with pliers into the film-form-
ing solution which was at 30°C. Sharon fruits
were also coated in wheat gluten for 2 minutes,
allowed to dry and then dipped into molten
beeswax of 70°C for some seconds. During the
storage test they were compared with controls
without film. The cheese cubes were about the
same size (2 × 2 × 2 cm) and weight; two repli-
cates for each condition were used. They were
dipped with pliers in the solution and the sec-
ond layer of beeswax was also used like with
sharon fruits. Some of the cubes were wrapped
or sealed in pouches of wheat gluten film. Pouches
were sealed by heat. Wheat gluten-coated sam-
ples were compared with samples sealed in a
polyamide/low density polyethylene (PA/LDPE)
or low density polyethylene (LDPE) packages.

Results and discussion

Film formation
The film-forming solution was obtained by dis-
persing gluten proteins in an ethanol/ammoni-
um hydroxide or acetic acid/water solvent. Dur-
ing drying of the film-forming solution, ethanol
and ammonia (or acetic acid) were first evapo-
rated, leading to transition of the solution from
a translucent liquid to an opaque white gel. This
stage agreed with the mechanism of simple coac-
ervation described by Kester and Fennema
(1986) and was interpreted as an immobilization
of polymer molecules. The gel was allowed to

dry, by evaporation of the water, and a transpar-
ent film then formed.

It was noticed that wheat gluten films proc-
essed under alkaline conditions had a more yel-
lowish color than films made with acid, in agree-
ment with the findings of Gontard et al. (1992).
However, this visual disadvantage of alkaline
films is offset by their significantly higher ten-
sile strength. The greater tensile strength of
wheat gluten films cast from solutions of pH 10
than those cast from solutions of pH 4 (2.7 vs.
0.5 Mpa) was also reported by Gennadios et al.
(1993a).

The film formation mechanism of wheat glu-
ten is believed to involve intermolecular di-
sulfide, hydrophobic and hydrogen bondings
(Wall and Beckwith 1969). Sulfhydryl groups are
responsible for the formation of disulfide bonds.
Reduction of the disulfide bonds to sulphydryl
groups and exposure of sulphydryl and hydro-
phobic groups (making them available for bond-
ing) is achieved in an alkaline environment and
with denaturation of protein by heating (Okamo-
to 1978). The dispersed gluten is then reoxidized
in the air and the reformation of disulfide bonds
yields the film structure.

Plasticizers are generally added to films to
reduce brittleness, impart flexibility, and increase
toughness, strength, tear resistance and impact
resistance (Banker 1966). The mechanism by
which plasticizers achieve such changes involves
plasticizer-polymer interaction and reduction of
cumulative intermolecular forces along polymer
chains leading to “softening“ of the film struc-
ture (Gennadios et al. 1993a).

Characteristics of the films produced are list-
ed in Table 1. Films made with acetic acid need-
ed lower amounts of plasticizer to overcome the
brittleness than films made with ammonium hy-
droxide, but they were more fragile.

Water vapor permeability
Water vapor permeabilities of wheat gluten films
are presented in Table 2. Films prepared with
ammonium hydroxide had lower water vapor
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permeability at the same levels of glycerol than
films prepared with acetic acid. At high levels
of glycerol water vapor permeability increased
when the amount of glycerol was increased in
accordance with Gontard et al. (1993) and Park
et al. (1994a). This could be related to structural
modifications of the protein network, which

might become less dense, and to the hydrophilic-
ity of glycerol, which favors adsorption and de-
sorption of water molecules (Gontard et al.
1993).

The water vapor permeability value (2.76 ±
0.25 gmm/m2dkPa) of wheat gluten (NH

4
OH)/

40% glycerol film, measured in our study, was

Table 1. Characteristics of wheat gluten (WG) films plasticized with glycerol (GLY) at ambient tempera-
ture and relative humidity.

Film Characteristics

WG (acetic acid) 20% GLY too brittle and fragile
WG (acetic acid) 25% GLY flexible and transparent
WG (acetic acid) 30% GLY flexible and transparent
WG (acetic acid) 35% GLY flexible and transparent
WG (acetic acid) 40% GLY flexible and transparent
WG (acetic acid) 50% GLY too soft
WG (NH

4
OH) 20% GLY too brittle and fragile

WG (NH4OH) 30% GLY brittle and transparent
WG (NH

4
OH) 35% GLY flexible and transparent

WG (NH4OH) 40% GLY flexible and transparent
WG (NH

4
OH) 45% GLY flexible and transparent

WG (NH4OH) 50% GLY flexible and transparent
WG (NH

4
OH) 55% GLY flexible, transparent, soft

WG (NH4OH) 60% GLY flexible, transparent, soft
WG (NH

4
OH) 70% GLY too soft

Table 2. Water vapor permeability of wheat gluten (WG) films with different levels of glycerol (GLY) at
25°C and 0/75% relative humidity.

Film Water vapor permeability* Mean thickness
 (gmm/m2dkPa) (µm)

WG (NH
4
OH) 30% GLY 2.43 ± 0.13a 75

WG (NH
4
OH) 35% GLY 3.06 ± 0.67ab 92

WG (NH
4
OH) 40% GLY 2.76 ± 0.25a 80

WG (NH
4
OH) 45% GLY 3.16 ± 0.35ab 85

WG (NH
4
OH) 50% GLY 4.45 ± 0.54bc 102

WG (NH
4
OH) 55% GLY 6.02 ± 0.91cd 97

WG (NH
4
OH) 60% GLY 6.75 ± 0.26d 85

WG (acetic acid) 25% GLY 2.93 ± 0.81ab 71
WG (acetic acid) 30% GLY 2.83 ± 0.51a 75
WG (acetic acid) 35% GLY 2.59 ± 0.68ab 66
WG (acetic acid) 40% GLY 4.10 ± 0.77b 69

* Mean of 4 replicates ± standard deviation. a–d Means with different superscripts were significantly 
different (P<0.01) according to ANOVA and Tukey’s test.
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lower than that (4.84 gmm/m2dkPa at 23°C and
11% RH) obtained by Gennadios et al. (1993c),
for the same film. The difference can be ex-
plained by the different RH gradients used and
the different mean thicknesses of our film and
the one by Gennadios et al. (80 and 101 µm,
respectively). Hydrophilic films have been
shown to exhibit positive slope relationships
between thickness and water vapor permeabili-
ty (McHugh et al. 1993, Cuq et al. 1996). There-
fore, WVP values of the various films in Table 2
should be compared with caution, because there
were substantial thickness differences among the
films.

Oxygen permeability
Oxygen permeability of wheat gluten films made
with ammonium hydroxide are shown in Table 3.
Oxygen permeability could not be measured for
films made with acetic acid because they were
too fragile and cracked in the test cell.

Wheat gluten film made with 40% glycerol
had an oxygen permeability almost identical to
the value obtained by Gennadios et al. (1993c)
for a similar film (3.82 cm3µm/m2dkPa, at 23°C
and 0% RH). Oxygen permeability of all the
wheat gluten films was low but increased with

increasing glycerol concentration. Water increas-
es the free volume of the polymer, thereby in-
creasing polymer mobility and permeability.
Polyol plasticizers, such as glycerol, are hypoth-
esized to act in the same manner (McHugh and
Krochta 1994).

The low oxygen permeability of wheat glu-
ten films may be due to their polar nature and
linear structure, leading to high cohesive energy
density and low free volume. In our study, wheat
gluten films had oxygen permeabilities which
were of the same magnitude as those of PVDC
(polyvinylidene chloride)-based films (0.4–5.1
cm3µm/m2dkPa, at 23°C and 50% RH), as report-
ed by Salame (1986).

Tensile strength and percentage
elongation at break

Unplasticized gluten film could not be measured
as it was too brittle. Wheat gluten films made
with acetic acid were also too fragile. The effect
of glycerol on the mechanical properties of films
is illustrated in Figs. 1 and 2. Tensile strength
decreased and percentage elongation at break
increased with an increase in glycerol content,
in accordance with Park et al. (1993). Similar

Table 3. Oxygen permeability of wheat gluten (WG) films with different levels of glycerol (GLY) at 25°C
and 50% relative humidity.

Film Oxygen permeability* Mean thickness
 (cm3µm/m2dkPa) (µm)

WG (NH4OH) 30% GLY 2.14 ± 0.13a 87
WG (NH

4
OH) 35% GLY 2.94 ± 1.01ab 97

WG (NH4OH) 40% GLY 3.16 ± 0.84ab 85
WG (NH

4
OH) 45% GLY 4.35 ± 0.70bc 95

WG (NH4OH) 50% GLY 5.53 ± 0.72c 97
WG (NH

4
OH) 55% GLY 5.87 ± 0.80cd 90

WG (NH4OH) 60% GLY 7.27 ± 1.61d 91

* Mean of 4 replicates ± standard deviation. a–d Means with different superscripts were significantly dif-
ferent (P<0.01) according to ANOVA and Tukey’s test.
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Fig. 1. Effect of water activity on
tensile strength of wheat gluten
(WG) films plasticized with dif-
ferent amounts of glycerol (GLY).

Fig. 2. Effect of water activity on
percentage elongation at break of
wheat gluten (WG) films plasti-
cized with different amounts of
glycerol (GLY).

decreased tensile strength and increased percent-
age elongation at break with increasing amounts
of plasticizer have been reported for other pro-
tein films, such as glycerol-plasticized whey pro-

tein isolate (McHugh and Krochta 1994) and egg
albumen films (Gennadios et al. 1996).

The plasticization effect of glycerol can be
explained by the great number of hydrogen bonds
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between protein chains (Gontard et al. 1993),
resulting from the high glutamine content (about
45%) of wheat gluten proteins. Glycerol as a
relatively small hydrophilic molecule could be
easily inserted between protein chains and form
hydrogen bonds with amide groups of gluten
proteins. When glycerol was added to the gluten
network, direct interactions between protein
chains were reduced and the distance between
the chains was increased. So, under stress, move-
ments of protein chains were facilitated in glu-
ten films plasticized with glycerol.

Tensile strength values of ammonium-treat-
ed gluten films plasticized with 35% or 40%
glycerol at a

w 
of 0.52 were similar to reported

values (3.9 and 2.6 MPa, respectively) by Gen-
nadios et al. (1993b, c).

The tensile strength and the percentage elon-
gation at break are strongly affected by water
activity. We measured the tensile strength and
the percentage elongation at break of wheat glu-
ten films that had been conditioned at different
RHs for 2 days before testing. This approach has
not been earlier reported by wheat gluten film
researchers. The effect of a

w
 on the tensile

strength and percentage elongation at break is
shown in Figs. 1 and 2.

The tensile strength decreased and the per-
centage elongation at break increased with in-
creasing a

w
. At high a

w
, films were more flexible

and extensible, but could withstand less tensile
stress. Decrease in tensile strength was greater
at drier conditions (a

w
 of 0.11 or 0.33) as a func-

tion of glycerol content and also greater with
smaller amounts of glycerol (30 or 35%) as a
function of a

w
. The percentage elongation at

break of films increased up to a
w
 of 0.52, as a

function of glycerol content; the largest increase
as a function of water activity, was observed with
films containing 50 and 55% glycerol. The per-
centage elongation at break at higher relative
humidities (above 52%) decreased for films con-
taining 40 and 45% glycerol but increased for
films containing 30 and 35% glycerol. The ten-
sile strength and the percentage elongation at
break for wheat gluten films with high amounts
of glycerol (above 45%) could not be measured

at a
w
 above 0.52 because films were too soft, like

chewing gum.

Application of wheat gluten film to
cherry tomatoes, sharon fruits and

cheese cubes
Moisture loss due to transpiration during stor-
age was observed for cherry tomatoes, sharon
fruits and cheese cubes. Edible wheat gluten film
coatings were applied in order to reduce weight
loss during storage. Comparisons of moisture
loss between controls and coated products dur-
ing 2 weeks of storage, in terms of % weight
loss, are illustrated in Figs. 3, 4, 5, 6 and 7.

Tomatoes dipped in acetic acid-treated wheat
gluten film solution were glossy, whereas those
dipped in ammonium hydroxide-treated solution
were opaque. Uncoated tomatoes shrivelled se-
verely and lost weight faster than the coated sam-
ples. Tomatoes dipped in wheat gluten solutions
had a better texture (less soft and soggy) than
those without film. Those dipped in wheat glu-
ten (acetic acid) solution had the best appear-
ance; they appeared to be intact and firm, how-
ever they were somewhat softened inside. They
also had not lost so much water (Fig. 3).

Sharon fruits with bilayer film (wheat gluten
(NH

4
OH) 40% glycerol and beeswax) were

opaque and white because of the beeswax. Fruits
without film lost weight faster and softened.
Fruits with film were intact and firm. Fruits treat-
ed with beeswax also had the lowest weight loss
(Fig. 4).

The wheat gluten film reduced moisture loss
from sharon fruits and cherry tomatoes. Park et
al. (1994b) reported that a corn zein film behaved
similarly with tomatoes. Lerdthanangkul and
Krochta (1996) observed that a mineral-oil-based
coating reduced moisture loss from green bell
peppers. Starch-based films reduced moisture
loss from strawberries (García et al. 1998).

All cheese cubes with wheat gluten (NH
4
OH)

40% glycerol film (dipped, sealed in pouches,
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or wrapped) had higher weight losses (Figs. 5, 6
and 7) than those packed in laminated PA/LDPE
or LDPE film. However, cheese cubes with a
bilayer coat (dipped in wheat gluten film-form-

ing solution and with a second layer of beeswax)
had relatively low weight loss. This was more
evident with edam cheese cubes. Bilayer coat-
ing of wheat gluten and beeswax reduced mois-

Fig. 3. Weight changes of wheat
gluten (WG) coated and uncoated
cherry tomatoes during storage.

Fig. 4. Weight changes of wheat
gluten (WG) coated and uncoated
sharon fruits during storage.
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Fig. 5. Weight changes of edible
wheat gluten (WG) film-coated,
low density polyethylene (LDPE)-
packed and polyamide/low densi-
ty polyethylene (PA/LDPE)-
packed cheese cubes during stor-
age.

Fig. 6. Weight changes of edible
wheat gluten (WG) film-coated,
low density polyethylene (LDPE)-
packed and polyamide/low densi-
ty polyethylene (PA/LDPE)-
packed emmental cheese cubes
during storage.

ture loss from cheese cubes throughout storage
but not the wheat gluten film without beeswax.
The results showed the necessity of a second lay-

er of lipid to improve water vapor barrier ability
of wheat gluten films to control the moisture loss
from coated products.
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Fig 7. Weight changes of edible
wheat gluten (WG) film-coated,
polyamide/low density polyethyl-
ene (PA/LDPE)-packed and low
density polyethylene (LDPE)-
packed edam cheese cubes during
storage.

Conclusions

Wheat gluten has potential for use in protein-
based edible films and coatings. Films prepared
from wheat gluten with ammonium hydroxide
had low oxygen permeability and high tensile
strength at low a

w
. Amount of plasticizers, water

and glycerol, influenced film properties. Gluten-
based films showed promise as protective coat-

ing materials for perishable foods such as cher-
ry tomatoes and sharon fruits. However, an ad-
ditional lipid layer is necessary to reduce water
vapor permeability. Future research should ex-
plore possibilities of improving wheat gluten
film properties by promoting crosslinking
through enzymatic and chemical protein treat-
ments. Development of edible films from wheat
gluten will enhance its value and may provide
new markets for wheat gluten.
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SELOSTUS
Syötävien gluteenikalvojen valmistus, ominaisuudet ja eräät käyttösovellukset

Patricia S. Tanada-Palmu, Harry Helén ja Lea Hyvönen
Helsingin yliopisto

Elintarvikkeiden pakkaamiseen soveltuvien syötävien
kalvojen kehittäminen on ollut viime vuosina voi-
makkaan mielenkiinnon kohteena. Tässä tutkimukses-
sa valmistettiin kalvoja vehnägluteenista käyttäen
pehmittimenä eri määriä glyserolia. Kalvojen läpäi-
sevyysominaisuuksia tutkittiin määrittämällä niiden
vesihöyryn- ja hapenläpäisevyydet. Glyserolipitoi-
suutta lisättäessä kalvojen kaasunsuojaominaisuudet
heikkenivät. Kalvojen lujuusominaisuuksia tutkittiin
mittaamalla niiden vetolujuudet ja murtovenymät eri-
laisissa vedenaktiivisuuksissa. Glyserolipitoisuuden
kasvaessa kalvojen vetolujuus heikkeni ja prosen-
tuaalinen murtovenymä suureni. Tämä vaikutus oli

selvempi pienissä vedenaktiivisuuksissa. Kalvojen
soveltuvuutta elintarvikepakkaamiseen tutkittiin pääl-
lystämällä niillä kirsikkatomaatteja, sharon-hedelmiä
ja kolmenlaisia juustopaloja. Gluteenipäällysteet hi-
dastivat selvästi kirsikkatomaattien ja sharon-hedel-
mien painon alenemista kahden viikon säilytyksen
aikana verrattuna päällystämättömiin näytteisiin.
Juustopalojen yhteydessä havaittiin mehiläisvahan
käyttämisen toisena kalvokerroksena gluteenin pääl-
lä pienentävän merkittävästi syötävällä kalvolla pääl-
lystetyn juuston painotappiota kahden viikon säily-
tyksen aikana.
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