Mohammad U. H. Joardder ¢ Monjur Mourshed
Mahadi Hasan Masud

State of Bound Water:
Measurement

and Significance in Food
Processing

@ Springer



Mohammad U. H. Joardder
Department of Mechanical Engineering
Rajshahi University of Engineering
Rajshahi, Bangladesh

Monjur Mourshed

Department of Mechanical Engineering
Rajshahi University of Engineering
Rajshahi, Bangladesh

Mahadi Hasan Masud

Department of Mechanical Engineering
Rajshahi University of Engineering
Rajshahi, Bangladesh

ISBN 978-3-319-99887-9 ISBN 978-3-319-99888-6  (eBook)
https://doi.org/10.1007/978-3-319-99888-6

Library of Congress Control Number: 2018956142

© Springer Nature Switzerland AG 2019, corrected publication 2019

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, express or implied, with respect to the material contained herein or for any errors
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://doi.org/10.1007/978-3-319-99888-6

l‘)

Check for
updates

Chapter 7
Significance of Bound Water Measurement

7.1 Introduction

Status of water is important over the course of harvesting, processing and storage of
food materials. Fraction of bound water dominates in several key phenomenon
including ripening, microorganism growth and energy requirement in whole food
processing [1]. Therefore, fraction of bound water is not only vital for processed
food rather it is equally important for fresh food during storage [2]. However, the
scope of the book allow the discussion on the significance of bound water during
food processing. Therefore, in the following section an extensive discussion on the
significance of bound water removal has been discussed.

Water content in the form of bound water and free water plays a significant role
during the water removing process including drying and frying. Bound water is
captured by the solid matrix of water in the insoluble compounds in the fruit cells
and the migration of bound water urges higher energy, once all the free water is
migrated, whereas free water gives support to the chemical reactions, metabolism
activities and acts as a medium for internal transport.

Moreover, product quality is negatively affected by the high temperature drying
process over the course of moisture removal from the food product [3]. This process
causes changes in the food quality like discolouring, aroma loss, textural changes,
nutritive value, and physical properties significantly [4]. Drying conditions and time
have a great effect on these quality changes of dried product. Mild drying conditions
with lower temperature can improve the product quality but increase the drying
time, whereas severe drying conditions with higher temperature reduces drying time
and provides low quality dried food. Therefore, quality, energy consumption, pro-
cessing time and cost need to be optimised carefully [5].

Bound water removal contributes in all of the aspects including quality, energy
consumption, processing time, cost and even environmental pollution. There is no
straight forward answer whether removal of bound water is beneficial, since removal
of bound water needs more energy, time, and cost along with promising higher
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remove bound water effectively also increase the possibility of releasing phenolic
compounds. For example, Hayat et al. found that bound phenolic compounds sig-
nificantly released during appropriate microwave treatment [70, 71]. Therefore, it
can be assumed that the condition that allows removal of bound water may increase
the chance of releasing bound phenolic compounds of food materials.

7.3.4.4 Lipid Oxidation (Aroma)

Flavour of the food materials is considered as one the most important parameter to
define food quality. More than 200 volatile aroma components are present in the
fruits among which a single group is responsible for making a particular smell.
These components are highly volatile in the presence of moisture and readily get
evaporated during processing. However, lipid oxidates vary inversely with the a,,
and reach a minimum value near the monolayer and the reaction rate increases with
the additional moisture absorption above this layer [72—74]. As the water content is
absorbed from the dry state, water quenching effect decreases the catalytic initiation
of free radicals formation and hinders the oxidation rate. Moreover, oxygen diffu-
sion rate remarkably decreases with the replacement of water by air in the pores and
capillaries at the moisture sorption process. Low water activity state lowers the
oxidation reaction rate. Consequently, fewer aromas prevail from the food where
bound water is replaced by air molecules.

his variation in colour mainly depends
on the micro-textural pattern of the surface exposed to light or the volume of the
surface [78]. As the plant-based fruits and vegetables have higher moisture content
(>85%), during drying this moisture content drastically reduces and contributes to
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