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Optical Monitoring of Fresh and Processed Agricultural Crops, edited by 

Manuela Zude (2009)
Food Engineering Aspects of Baking Sweet Goods, edited by Servet Gülüm 

Sumnu and Serpil Sahin (2008)
Computational Fluid Dynamics in Food Processing, edited by Da-Wen Sun (2007)



http://taylorandfrancis.com

http://taylorandfrancis.com


High Pressure Processing 
of Fruit and Vegetable 

Products

Edited by

Milan Houska
Filipa Vinagre Marques da Silva



CRC Press
Taylor & Francis Group
6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487-2742

© 2018 by Taylor & Francis Group, LLC 
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

Printed on acid-free paper

International Standard Book Number-13: 978-1-4987-3902-3 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts 
have been made to publish reliable data and information, but the author and publisher cannot assume 
responsibility for the validity of all materials or the consequences of their use. The authors and publishers 
have attempted to trace the copyright holders of all material reproduced in this publication and apologize 
to copyright holders if permission to publish in this form has not been obtained. If any copyright material 
has not been acknowledged please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, trans-
mitted, or utilized in any form by any electronic, mechanical, or other means, now known or hereafter 
invented, including photocopying, microfilming, and recording, or in any information storage or retrieval 
system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright 
.com (http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood 
Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides licenses and 
registration for a variety of users. For organizations that have been granted a photocopy license by the 
CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are 
used only for identification and explanation without intent to infringe.

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com

http://www.copyright.com
http://www.copyright.com
http://www.copyright.com
http://www.taylorandfrancis.com
http://www.crcpress.com


vii

Contents
Series Preface ............................................................................................................ix
Series Editor ..............................................................................................................xi
Editors .......................................................................................................................xiii
Contributors ................................................................................................................xv

Chapter 1 Introduction to High-Pressure Processing of Fruit and Vegetable 
Products ................................................................................................1

Milan Houska and Filipa Vinagre Marques da Silva

Chapter 2 High-Pressure Processing Effect on Microorganisms in Fruit 
and Vegetable Products ........................................................................3

Filipa Vinagre Marques da Silva and Evelyn

Chapter 3 High-Pressure Processing Effects on Endogenous Enzymes 
in Fruits and Vegetables ..................................................................... 39

Netsanet Shiferaw Terefe and Roman Buckow

Chapter 4 Packaging System for High-Pressure Processing............................... 63

Jaroslav Dobiáš and  Lukáš Vápenka

Chapter 5 Current Status of Industrial HPP Equipment for Food Processing .... 73

Francisco Purroy Balda

Chapter 6 High-Pressure Processing Effect on Nutrients and Their Stability ...85

Concepción Sánchez-Moreno and Begoña De Ancos

Chapter 7 Health Active Components in Fruit/Vegetable Juices Treated 
by High Pressure .............................................................................. 105

Jan Tříska

Chapter 8 Sensory Properties of High-Pressure Treated Fruit 
and Vegetable Juices ......................................................................... 121

Pui Yee Lee and Indrawati Oey



viii Contents

Chapter 9 High-Pressure Processing Combined with Heat for Fruit 
and Vegetable Preservation .............................................................. 135

Ariette Matser and Martijntje Vollebregt

Chapter 10 Examples of Commercial Fruit and Vegetable Juices 
and Smoothies Cold Pasteurized by High Pressure ......................... 147

Milan Houska and Petr Pravda

Chapter 11 Regulatory Aspects of High-Pressure Processed Foods in North 
America, Europe, Asia, New Zealand, and Australia ...................... 155

Tatiana Koutchma and Keith Warriner

Chapter 12 Conclusions and Final Remarks ....................................................... 169

Milan Houska and Filipa Vinagre Marques da Silva

Index ...................................................................................................................... 173



ix

Series Preface

CONTEMPORARY FOOD ENGINEERING

Food engineering is the multidisciplinary field of applied physical sciences combined 
with the knowledge of product properties. Food engineers provide the technological 
knowledge transfer essential to the cost-effective production and commercialization 
of food products and services. In particular, food engineers develop and design pro-
cesses and equipment to convert raw agricultural materials and ingredients into safe, 
convenient, and nutritious consumer food products. However, food engineering top-
ics are continuously undergoing changes to meet diverse consumer demands, and the 
subject is being rapidly developed to reflect market needs.

In the development of food engineering, one of the many challenges is to employ 
modern tools and knowledge, such as computational materials, science, and nano-
technology, to develop new products and processes. Simultaneously, food quality 
improvement, safety, and security continue to be critical issues in food engineer-
ing studies. New packaging materials and techniques are being developed to pro-
vide more protection to foods, and novel preservation technologies are emerging to 
enhance food security and defense. Additionally, process control and automation 
regularly appear among the top priorities identified in food engineering. Advanced 
monitoring and control systems are developed to facilitate automation and flexible 
food manufacturing processes. Furthermore, energy-saving and the minimization of 
environmental problems continue to be important food engineering issues, and sig-
nificant progress is being made in waste management, efficient utilization of energy, 
and reduction of effluents and emissions in food production.

The Contemporary Food Engineering Series, consisting of edited books, attempts 
to address some of the recent developments in food engineering. The series covers 
advances in classical unit operations in engineering applied to food manufacturing 
as well as topics such as progress in the transport and storage of liquid and solid 
foods; heating, chilling, and freezing of foods; mass transfer in foods; chemical and 
biochemical aspects of food engineering and the use of kinetic analysis; dehydration, 
thermal processing, nonthermal processing, extrusion, liquid food concentration, 
membrane processes, and applications of membranes in food processing; shelf-life 
and electronic indicators in inventory management; sustainable technologies in food 
processing; and packaging, cleaning, and sanitation. These books are aimed at pro-
fessional food scientists, academics researching food engineering problems, and 
graduate-level students.

The editors of these books are leading engineers and scientists from different 
parts of the world. All the editors were asked to present their books to address the 
market’s needs and pinpoint cutting-edge technologies in food engineering.
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1 Introduction 
to High-Pressure 
Processing of Fruit 
and Vegetable Products

Milan Houska and Filipa Vinagre Marques da Silva

High-pressure processing (HPP) is a cold pasteurization technology by which prod-
ucts, already sealed in their final package, are introduced to a vessel and subjected to 
a high level of isostatic pressure (300–600 MPa). As pressure is commonly transmit-
ted by the water contained inside the HPP chamber, the technology is also referred 
to as high hydrostatic pressure. Both commercial HPP units with high capacity and 
several food products, namely of fruit origin, are marketed successfully around the 
world. Chapter 5 is devoted to industrial equipment available whereas Chapter 10 
deals with examples of commercial fruit and vegetable products. Chapter 4 is dedi-
cated to packaging, as prior packaging of food before HPP is mandatory in this 
technology.

High-pressure treatment of fruit and vegetable products opens the gate to nearly 
fresh products as regards the sensorial and nutritional quality of original raw mate-
rials. It has a great commercial importance and it enables consumers to find a 
relatively stable and safe source of nutrients, vitamins, minerals, and health effec-
tive components. Such components can play an important role as a preventive tool 
against the start of illnesses, namely in the elderly. It is well known that a preventive 
health effective diet is cheaper than “solving the consequences” by pharmaceuti-
cals. Many fruits and vegetables are eaten raw and thus present a higher content of 
vitamins and other thermolabile constituents as opposed to foods that are cooked 
before consumption. The conventional thermal pasteurization/sterilization applied 
to fruit and vegetable juices not only decreases the “fresh notes” of the raw fruits/
vegetables, but also generates new “cooked notes” flavors (Silva et al., 2000), often 
undesirable. In addition, the fruit and vegetable color, antioxidant properties, and 
other quality parameters can also be negatively affected by thermal treatments, as 
opposed to HPP (Patras et al., 2009; Silva et al., 1999; Sulaiman et al., 2017). Thus, 
the HPP technology allows nonthermal pasteurization of fruit juices and other bever-
ages, namely sodas and alcoholic (e.g., beer and wine), better retaining its original 
organoleptic and nutritive properties (Milani and Silva, 2016) with extended shelf-
life and possibly with fewer/no chemical preservatives (van Wyk and Silva, 2017). 
The effects of HPP technology on the quality of fruit and vegetable products, namely 
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nutrients and stability, health active components, and sensory aspects, were reviewed 
in Chapters 6 through 8.

The regulatory aspects for high-pressure treated fruit and vegetable products in 
different regions of the world (Europe, the United States, Asia, and Australia) are 
also an important topic dealt with in Chapter 3 of the book. Effects of HPP and 
HPP + heat on key spoilage/pathogenic microorganisms including the resistant spore 
form and fruit/vegetable endogenous enzymes were covered in detail in Chapters 2 
and 3. Chapter 9 of this book deals with heat-assisted HPP and its effect on quality.
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