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This book is the outcome o f the selected papers presented in the International Congress on 
Bioprocesses in Food Industries (ICBF-2010) held at Curitiba, Brazil during October 5-8, 2010. 
ICBF-2010 was organized jointly by the ICBF Forum (which is now re-named as International 
Forum on Industrial Bioprocesses-IFIBiop) and the Federal University of Parana, Curitiba, Brazil 
in collaboration with the Brazilian Society of Food Science and Technology, National Service of 
Industrial Apprenticeship (SENAI-PR) and Universidade Positivo, Curitiba. The conference focused 
on recent developments in food bioprocessing. It provided a platform for participants to share their 
thoughts and views. The conference displayed the numerous breakthroughs and new developments 
in these areas and their relevance to the welfare of mankind. Leading researchers from various 
universities, institutions and industries from all over the world participated in the conference and 
addressed the delegates.

The book comprises various chapters, which deal with the production of industrial enzymes and 
their applications for biotechnological processes, probiotics and their benefits, value-addition to 
food industry wastes through biotechnological intervention such as algal cultivation on food industry 
effluent, production of enzymes, etc, radiochemical biotechnological aspects in the exploitation of 
foods wastes, nano-biotechnology aspects and their relation to food production, control release 
applications in food technology, protein expression system, shrimp pathogen control, use of NMR 
to detect polyphenols in edible oil, etc.

Bioprocesses in food industries are mainly based on the exploitation of biocatalysts which come 
from an enzyme source or whole microbial cells. This has been in vogue since many decades. 
Majority of bioprocesses are the bioconversions that have the target to ameliorate the quality of 
food in terms of its taste, preservation, digestibility, shelf life, etc. Food bioprocessing provides



knowledge on the enzyme and biocatalysts in the food biotechnology, applications of fermentation 
technology in the food production, and food development and bioreactor design. In the frame of 
recent knowledge in the food science, aspects of food microbiology, nutritional, chemical and 
rheological properties are also studied and explored in varied directions. New knowledge of the 
alleviating significance comprises the biotechnology of recovery of bioactive molecules, process 
biotransformations, significance and perspectives of plethora of enzymes especially present in milk. 
Strategies for the improvement of yeasts and human and animal health promoting lactic acid bacteria 
by genetic modification, modulation of natural antioxidants in functional foods, recent viral tissue 
bioprocessing methods for detection of viruses in food samples, production of various compounds 
through biotechnology are pacing up.

The organizing committee of the ICBF-2010 would like to thank the invitees and delegates for their 
overwhelming response for the conference and participating in the discussions actively. Thanks are 
also due to the session coordinators, session chairs, poster evaluation juries, members of national 
and international advisory committees and local organizing committee for their strong efforts and 
help in smooth conduction of the conference. We gratefully acknowledge the support and participation 
of national and international organizations and agencies, which extended sponsorship to the event. 
Without their support and participation, it would have not been easy to make suitable arrangements 
for the conference. We also place on record our thankfulness to the Rector and the scientific, 
administrative and technical staff of the Federal University of Parana and Univesidade Positivo, 
Curitiba for their support for this event.

The book provides an in-depth information on varied topics related with bioprocesses in food 
industries and we hope that readers would find it useful.

Carlos Ricardo Soccol 
Ashok Pandey 

Vanete Thomaz Soccoi 
Christian Larroche

Editors
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Control Release Applications 
in Food Technology

Valeria E Bosio1, German E Islan1, Yanina N Martinez1, and Guillermo 
R Castro1,2*
'Nanobiomaterials Laboratory, CINDEFI (CONICET, CCT La Plata) -  Universidad Nacional 

Ijjllj de La Plata, Argentina. 2Dept of Biomedical Engineering, Tufts University, USA.
*E-mail: grcastro@gmail.com

1. INTRODUCTION
The wide scale and extensive use of bioactive molecules has brought many advantages in several 
fields, such as agriculture, health, chemical and food industries. However, there are increasing 
concerns about further escalation of the use of bioactive molecular species in view of the associated 
problems, e.g. environmental pollution in agriculture, toxicological effects in health and foods, 
accompanying their use. The development and application of controlled release technologies has 
held out the promise of solving some of these problems by reducing molecular doses, keeping the 
compound concentration at defined levels, and physically isolate chemical reactive or unstable 
molecules. Food additives such as sweeteners, flavoring compounds, lipids, acidulants, proteins, 
gases (e.g. carbon dioxide in candies),and preservatives are regularly used in the food industry. 
Also, molecular controlled release will provide new health benefits for the development of fortified 
and/or special purpose foods by supplementing with unstable vitamins, cofactors, and complex 
minerals; improving packaging quality and canned food storage, enhance sensorial effects (flavor, 
color), adding new physiological properties (e.g. probiotics and prebiotics), etc... In same trend, the 
idea of chemoprevention by supplementing bioactive molecules in foods by nanotechnology 
developments was recently discussed (Siddiqui and Mukhtar, 2010; Nair et al., 2010).

According to FAO (Food and Agriculture Organization United Nations), one third of the world 
population is having some food-related illnesses. Overweighted and obese people is around 1.5 
billions, meanwhile about 1 billion is undernourished and 9 million people is dying of hunger per 
year. In addition, we are starting with a food shortage at world scale. Even the scenario is not
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promising, in 2025 the world population will increase in 2 billion people more, and it will required 
to increase the food production from 5.17 to 10.6 billions of Kcal/J. Half of the additional food 
production will be provided by improving the current production technologies. However, 
Biotechnology will play a major role in the development of new food production techniques to 
cover the food production gap. The main concept of the Biotechnology approach is not only increase 
food production but also to supplement the current food production with new molecules, adding 
novel beneficial and/or nutritional properties. For example, the addition of antioxidants, like 
resveratrol, or other molecules which are also no synthesized by mammals such as omega 3 fatty 
acids or vitamins like the B complex and C. In order to supplement foods two major strategies were 
developed under the Biotechnology umbrella: by genetic modifications of food, generally named as 
“GM foods” or by supplementing the food with the desire molecule in order to obtain to foods with 
enhanced or novel properties, named as functionalized foods. The first strategy involves changes at 
DNA level by genetic engineering techniques. Typical examples of GM foods are transgenic plants 
such as soybean, canola oil, corn among others, and also animals able to produce novel compounds 
such as recombinant human insulin in cow milk or the expression of roundworm omega 3 fatty acid 
DNA in pigs by genetic modifications. However, GM foods or food derivatives are under controversial 
discussions over the world regarding safety, ecological issues, and intellectual property.

On the other side, the concepts of molecular interactions at atomic level are providing a new approach 
of an area of knowledge defined as Nanosciences, in where the basis and understanding of the 
molecular behavior will introduce new concepts in the food industry by changing the food structure, 
and their functional properties at macroscopic scale. The manipulation and design of materials from 
1 to 100 nm (according to the National Science Foundation USA), but also scaled to 500 nm, is 
broadly defined as Nanotechnology. The Nanotechnology arena is promising a revolution in all 
aspects o f life, changing energy, manufacturing, medicine and so. The projection for the 
nanotechnology market by 2014 is estimated in U$ 2.6 trillion (Michelson, 2008). At present time, 
more than 600 nanotechnology products are in the market as consumer goods, and many in the food 
area (Anonymous, 2010). In general, the food “building blocks” in nature are colloidal, and as a 
result of cellular activities and/or molecular self-assembly organized structures and interfaces are 
made. The ability of manipulate the self assembly techniques and organize the food structure and 
quality is a significant contribution for the development of novel foods. The major benefits of 
nanotechnology applied to the food industry include improvement of animal and human welfare, 
product quality, enhance crops productivity and quality, and diminish environment damage. In recent 
years, the main studies of nanotechnology in the food industry are focus to the fields of delivery and 
packaging (Bagchi et al., 2010). However, since the properties of carriers and their interaction with 
the cargo at nanoscale differ from the bulk one, it will require exhaustive analysis for the short- and 
long-term effect at physiology levels. The toxicology for this area have a need to develop reliable 
analytical methods, new type of reference materials, standardized protocols and validations systems 
in order to determine the food safety and importantly get the public confidence.
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2. CONTROLLED RELEASE
In the last ten years, the concept of healthy foods were increased in the population and the scientific 
community. The main interests were focused on foods to prevent the development of some pathologies 
like flu, cancer, heart diseases, and others. Generically, healthy foods could have one or more than 
the following components: high levels of proteins from milk and vegetables; low to medium calories 
content; high content of dietary fibers; low levels of sodium salts, sweeteners and trans-fat content, 
and some bioactive components (Palzer, 2009). In order to get more complete foods in terms of 
nutrition and quality, it is required to tailor the foods with specific and non-natural functions and 
properties, defined as functionalized foods.

Functionalized foods has the advantage of specific tailoring the food with one or more desired 
molecules to cover some specific needs. This procedure requires to previously adjust the food 
microenvironment in order to avoid physicochemical incompatibilities, and to establish a molecule 
release kinetic, following the findings made early in the drug delivery area. Functionalized foods 
are defined over the basis o f three statements: nutritional concept to support life, sensorial attraction 
(eg. smell, flavor, texture), and must show some physiological function to prevent, help or assist the 
recovery from some pathology. Under these requirements, it can be distinguished two types of 
functionalized foods: fortified foods, means supplementing with some molecules to prevent food 
deficiencies (e.g. minerals, vitamins, antioxidants); and special purpose which are designed to help 
the specific recovery of illnesses (e.g. anemia), to enhance physical performances (e.g. athletes).

Among the most common strategies for the development of functionalized foods are molecule 
encapsulation or entrapment. The process requires the loading of molecule into an specific matrix 
designed to be compatible with both food and molecule properties, and also with the physiological 
processes involved. Most of the matrixes commonly used in the food industries are gels, which are 
required to be biocompatible, and with absence of side effects (gels and their single molecules), and 
able to perform under physiological conditions a established kinetic release of the cargo at specific 
location (e.g. stomach, small intestine, etc...). Also, the cargo must be in the concentration range of 
physiological conditions.

Controlled release devices involves two main physical systems:

•  A reservoir device, in where the cargo molecule is in a closed physical space restricted by 
the matrix, which is rate-controlling the release. In microspheres type, the molecule is 
confined to the center of the device. Typical examples are bubble gums filled with syrups.

•  A matrix type device, in where the molecule cargo is uniformly distributed throughout the 
matrix. The kinetic of cargo release depends on composition and physicochemical properties 
of the matrix and the cargo, their interactions, and geometry of the system.

On the other side, controlled release systems involves four different main mechanisms like swelling, 
biodegradation, diffusion and osmotic pressure. In general and under physiological conditions, a 
combination of simultaneous mechanisms are implicated of the molecule release from the matrix.
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