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Natural materials such as wood, bone, and skin continue to command the 
respect and admiration of materials scientists. It is difficult to achieve 
comparable properties by the use conventional industrial manufacturing 
processes. In this essay we are proposing a radical approach to the 
preparation of future intelligent packaging materials. Rather than 
attempting to assemble the chemical components at a nano-scale to make 
an intelligent package, our proposal is to let life itself take care of much of 
the assembly. We propose that the natural growth of bacterial cellulose 
can be used as a way to prepare a well-integrated structure at the nano-
scale. Additives such as natural dyes can be introduced already during 
biosynthesis and thus become well integrated with the packaging material 
from the start. For example, one can develop a smart label for pH 
monitoring based on bacterial cellulose doped with natural dyes extracted 
from natural byproducts by in situ biosynthesis of cellulose. The resulting 
film has potential to be used as a visual indicator of the pH variations 
during storage of packaged food. 
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Introduction 
Plastics have dominated the market in the food packaging area since the mid-1900s. 

Such dominance is not surprising, given plastics’ good processability, availability of 

petroleum feedstocks, and low cost to meet the needs for packaging of a specific food 

product (Rhim et al. 2013). However, synthetic polymers from fossil fuels cause 

widespread environmental problems because of their non-biodegradable and non-

renewable nature. These challenges have become even more acute with the development 

of intelligent packaging, which has higher demands for information content, sensing ability, 

and other features (Engel et al. 2019).  

     Intelligent packaging typically contains two categories of features: a data carrier 

such as a radiofrequency identification (RFID) tags or a barcode label; and a package 

indicator such as a pH, gas, or a time-temperature indicator (Kerry et al. 2006). Recently, 

pH indicators have become widely used, because changes in pH often can be used to detect 

the spoilage of food. Normally, a pH indicator is composed of two important parts, namely 

a pH sensitive dye and a solid support. In contrast to synthetic dyes, natural dyes are 

advantageous due to their safety and eco-friendly feature. For example, anthocyanins, 

which are known as flavonoids, can be extracted from fruits. Anthocyanins are nontoxic, 

natural, easy extractable, and water-soluble pigments. Their use in place of synthetic dyes 

can avoid inflammation, diabetes, cancer, neuronal diseases, and many other diseases. 

Importantly, anthocyanin is sensitive to pH conditions due to the presence of phenolic or 

conjugated substances (Ma et al. 2017).  
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Recently, many researchers have focused on the use of biodegradable polymers (Lu 

2019). Because cellulosic food packaging film has the characteristics of transparency, 

firmness and flexibility, while concomitantly having good strength and hydrophilicity, 

cellulose has been widely used in food packaging (Tirtashi et al. 2019). 

 

Bacterial Cellulose 
Bacterial cellulose (BC), which has a three-dimensional nanostructure, is produced 

by a wide variety of microorganisms of the Gluconacetobacter genus. BC in the form of a 

nano-fiber membrane and has attracted great attention due to its high bio-degradability, 

high purity, high crystallinity, ultrafine three-dimensional network architecture with a 

distinct tunnel and pore structure, high specific surface area, and remarkable mechanical 

resistance, etc. (Lv et al. 2018). BC has the capacity to act as a host biopolymer to receive 

guest molecules to be incorporated in its matrix (Lv et al. 2017). Moreover, BC film with 

high specific surface area and high porosity is an ideal candidate for the development of a 

gas sensor based on detection of pH changes based on color monitoring. Volatile vapor 

emissions during food spoilage can show up as subtle pH shifts at the surface of packaging 

materials. Compared with other biopolymers, the porous structure of BC can improve the 

absorption of pH-changing liquids and gases, promoting the color-changing reaction of 

pH-sensitive dyes in the BC network. Therefore, the BC membrane has a great potential 

for being used as a solid support material for fabrication of more sensitive and rapid 

response intelligent packages. BC has the advantages of good biocompatibility, remarkable 

tensile strength, high water retention, high hydrophilicity, high crystallinity, and so on, and 

it can be used as the support material for intelligent pH indicator packaging. 

 
Intelligent Packaging Film Preparation 

A proposed concept for biosynthesis-based manufacture of intelligent packaging 

film production is shown in Fig. 1, wherein the circles represent dye molecules and the 

curved lines represent fibrils of BC. 
 

 
 

Fig. 1. Schematic diagram of the formation of intelligent packaging film 

 

To begin, natural dyes can be extracted from natural by-products. Subsequently, 

the dyes are added into culture media and sterilized by the autoclave. For example, pre-

cultured cells containing Gluconacetobacter xylinus can be inoculated into culture solution 

containing natural dyes. The flasks are incubated on a cultivation cabinet for some days. 

The synthesized BC-based nanocomposites are separated from the medium by filtration 
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and purification to remove the microorganism and culture medium embedded in the 

cellulose material, and then repeatedly rinsed to neutral in pure water. Finally, the 

intelligent films are prepared in a vacuum-drying oven. The change of film color then can 

be measured after adjusting the pH.  

 
Closing Thoughts 

As in the example described above, there is potential to make effective use of the 

natural growth of cellulose-producing bacteria to create films and other suitable structures 

for use in packaging applications. Other types of packages that might be considered could 

include solid foams, barrier films, and different kinds of sensing devices.  Many such 

packages also could be suitable for ink-jet application of bar codes and RFID devices. 

Though conventional technology, including 3D printing, has made great strides in the 

preparation of macroscopic structures, there has been a need for ways to organize materials 

better at the nanoscale. The use of life itself as part of the organizing system can open up 

new opportunities for high-performing and intelligent packaging materials. 
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