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Acetylated wheat starch membranes : Permeability measurements
C. JolyD), C. Bliard?), E. Espuche?), M. Escoub2s?

1 ) Laboratoire de Pharmacognosie, UPRESA 6013 CNRS, Université de Reims Champagne Ardenne, CRPB Bt 18,
Moulin de 1a housse, BP 1039, 51 097 Reims Cedex 2 - France - 2) Laboratoire dEtudes des Matériaux Plastiques et des
Biomatériaux, UMR 5627 CNRS, Université Claude Bernard Lyon 1, Bt 305 RdC, 43 Boulevard du 11 Novembre 1918,
69622 Villeurbanne - France

Introduction

Packaging industries require new biodegradable food-compatible films with low O; permeability and
controlled HoO flux. Biopolymers such as starch are chosen as raw materials because of their low cost,
renewability, and local ongin. The morphology and properties of these polymers can be affected by the
humidity rate and it is important to know how moisture affects their gas permeability. In this study,
wheat starch has been acetylated to a degree of substitution of 2.7 (1) and dissolved into chloroform with
triacetin added as a plasticizer (28.5 % by weight of membrane). Clear and bright films were obtained
by the tape-casting technique. Permeability measurements with water vapour were made and in addition,
03 and CO;, transport properties were studied for different relative humidity (R.H.) conditions in order
to determine if gas selectivity changes with the hydratation state of the film at 20 °C.

Water permeability

The specificity of this experiment is the acquisition of H2O flux as a function of a large water pressure
domain (figure 1).
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Two initial film hydratation conditions (1 and 2 in table 1) have been chosen in order to study the
influence of plastification by water on water transport properties. These conditions are as follows : the
upstream water pressure (P1) is equal to 12.5 and 18.4 mm Hg for the initial conditions 1 and 2. The
downstream pressure (P2) is always equal to 0 at initial time.

As shown in Figure 1, for part of the water transfer, the flux decreases in proportion to the pressure
gradient but the slopes differ. In the first condition, the membrane was submitted to an average relative
humidityvaryingfwm30m40%,andforthesecond,oneofbetween60and80%.

For these two hydratation states, the results show a measurable modification of the transport properties
(figure 1) : the flux is 2.5 times higher for hydratation condition 2 and the permeability coefficients (table
1) are in a good agreement with literature values obtained for acetylated amyiose (2). The diffusion
coefficients reported in table 1 show no significant plastification effect on this material (factor 1.6).
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Permeability cocliicients (Barrers) Diffusion coefficients
Initial conditions from 20 to 50% of the total transfer |from 0 to 50% of the total transfer
(mmHg) (10-10 cm2. 51y
Cond1:PI=125/P2=0 9900 59
Cond2:P1=184/P2=0 24600 95

Table 1 : Water permeability and diffusion coefficients as a function of the initial conditions
(P1 = upstream pressure / P2 = downstream pressure)

Gas permeability at varying hydratation rates :

Two gases are involved in the "breathing” of packaged aliments : Oz and QO5. In this study, CO»/0;
selectivity is studied as a function of relative humidity. The permeability coefficients (Pe) and diffusion
cocfficients (D) are presented in table 2. Comparison of the results obtained at 0 and 60% R.H., shows
thai t:l:e selectivity is only slighltty affected by this R.H. increase. CO2/0; selectivity decreases from 1.8
to 1.3.

0% RH. 60 % RH. 95 % RH.
Pe (Barrers) 27 — 36 2
D (10-10cm?/s) 345 - :
P (@) 5 0 -
D(10-1%m?/s) 321 - .

Table 2 : Permeability coefficients at varying hydratation rates

The diffusion coefficients are not given at 60 and 95 % (=5 %) R.H because of the low definition of the

non steady state region of the permeation curve. No values are reported for oxygen permeation at high

humidity rates because the flux tended towards very low values. It that water sorbed in the

&embrancisclosetoliquidstate(&4),disturbingsigniﬁcanﬂythc permeation and therefore the
ectivity.

Conclusion

Permeation measurements have been made for acetylated starch (DS 2.7) plasticized with triacetin. The
measured CO2/05 selectivities are low and seem to be only slightly dependent on film hydratation until
60 % RH. and are significantly enhanced for 95 -100 % R.H. Therefore, further i arc
_neussarywsmdyhowgasmnspoﬂpmperﬁesmdselecﬁﬁtyminﬂmwdbymeuiamﬁncontentand
the degree of substitution of the acetylation treatment.
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