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Food polymer pullulan-κ-carrageenan composite membrane performed smart 
function both on mass transfer and molecular size recognition
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A B S T R AC T

Biopolymer pullulan (P) can be cross-linked easily by glutaraldehyde, and additive κ-carra-
geenan (κC) completes an attractive combination for increasing tensile strength suffi ciently for 
practical use. In this study, the κ-carrageenan mass fraction (FC) was defi ned as FC ≡ (κC[g]/
(P[g] + κC[g])) and was set at 0.33, 0.50, 0.66, and 0.83. Composite membranes were success-
fully prepared in our experiment FC ranges by the casting method. The maximum stress and 
strain, water content, mass-transfer characteristics, and pure water permeability were demon-
strated to be a function of the added cross-linker glutaraldehyde. Increasing the mass fraction 
of κ-carrageenan enhanced the maximum stress and the maximum strain at break, suggest-
ing that pullulan imparts fl exibility and the κ-carrageenan imparts stiffness to the composite 
membranes. The mass-transfer characteristics were analysed based on changes in the effec-
tive diffusion coeffi cient in the composite membranes. Some water-soluble marker components 
were employed to estimate the size of the mass-transfer channel in the composite membranes. 
The reference molecular size was from 60 to 826Da, indicating Urea, Methyl Orange, Indigo 
Carmine, Bordeaux S, and Brilliant Blue. The effective diffusion coeffi cient was dramatically 
changed by a factor of 26,000 for FC 0.66, even though the molecular weight of the reference only 
changed by a factor of 14. The FC value signifi cantly controls not only the mechanical strength 
but also the molecular size recognition of the membrane. A large dependence on the molecular 
size was achieved by specifi c polymer frame-works using the excellent combination of pullulan 
and κ-carrageenan.
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1. Introduction

Biomass is a renewable class of materials of grow-
ing interest among researchers in the quest to achieve 
global sustainability. Biopolymers are a representa-
tion of the biomass, in particular starch and cellulose. 
In recent years, studies on edible fi lms have intensi-
fi ed [1−2]. The potential benefi ts of these fi lms lie in 
both their bio-compatible characteristics and relatively 

low cost. Edible fi lms are primarily composed of poly-
saccharides, proteins, and lipids, alone or in combina-
tion. Such fi lms are an effective barrier for preventing 
unwanted mass transfers in foods (e.g., water vapor and 
oxygen transmission), thereby improving their quality 
and extending their shelf life [3−5]. Composing poly-
saccharides in the form of blends with varying ratios of 
polymers offers the possibility of creating different fi lms 
with improved characteristics.

Pullulan (P) is a water-soluble microbial polysaccha-
ride with excellent fi lm-forming properties. Its fi lms are 
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