05/11/2011 Fruit and vegetable processing - Conte...
Home

Fruit and vegetable processing

by Mircea Enachescu Dauthy
Consultant

FAO AGRICULTURAL SERVICES BULLETIN No.119

Food and Agriculture Organization of the United Nations
Rome, 1995

Table of Contents

The designations employed and the presentation of material in this publication do not imply the
expression of any opinion whatsoever on the part of the Food and Agriculture Organization of the
United Nations concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries.

M-17

D:/cd3wddvd/NoExe/.../meister10.htm 1/204



05/11/2011 Fruit and vegetable processing - Conte...
ISBN 92-5-103657-8

Copyright

Permission to make digital or hard copies of part or all of this work for personal or classroom
use is hereby granted without fee and without a formal request provided that copies are not
made or distributed for profit or commercial advantage and that copies bear this notice and
full citation on the first page. Copyright for components of this work owned by others than
FAO must be honoured. To copy otherwise, to republish, to post on servers, or to
redistribute to lists, requires prior specific permission and/or fee.

Request permission to publish from:

The Chief Editor,

FAO, Viale delle Terme di Caracalla,
00100 Rome, ltaly,
e-mail:copyright@fao.org

(c) FAO 1995

Contents

D:/cd3wddvd/NoExe/.../meister10.htm 2/204



05/11/2011 Fruit and vegetable processing - Conte...
Foreword

Chapter | Introduction

1.1 General introduction

1.2 Importance of fruit and vegetables in world agriculture

1.3 What fruit and vegetables can be processed?

1.4 Processing planning

1.5 Location

1.6 Processing systems

1.7 Choice of processing technologies for developing countries
1.8 Fruit and vegetables - global marketing view

Chapter 2 General properties of fruit and vegetables; chemical composition
and nutritional aspects; structural features

2.1 General properties

2.2 Chemical composition

2.3 Activities of living systems
2.4 Stability of nutrients

2.5 Structural features

D:/cd3wddvd/NoExe/.../meister10.htm 3/204



05/11/2011 Fruit and vegetable processing - Conte...
Chapter 3 Deterioration factors and their control

3.1 Enzymic changes

3.2 Chemical changes
3.3 Physical changes

3.4 Biological changes

Chapter 4 Methods of reducing deterioration

4.1 Technical methods of reducing food deterioration

4.2 Procedures for fruit and vegetable preservation
4.3 Combined preservation procedures

Chapter 5 General procedures for fruit and vegetable preservation

5.1 Fresh storage

5.2 Preservation by reduction of water content: drying/dehydration and
concentration

5.3 Chemical preservation

5.4 Preservation of vegetables by acidification

5.5 Preservation with sugar

5.6 Heat preservation/heat processing

D:/cd3wddvd/NoExe/.../meister10.htm 4/204



05/11/2011 Fruit and vegetable processing - Conte...
5.7 Food irradiation

Chapter 6 Auxiliary raw materials

6.1 Water

6.2 Sweeteners

6.3 Salt

6.4 Food acids

6.5 Pectic preparations
6.6 Intensive sweeteners

Chapter 7 Packaging materials

7.1 Introduction

7.2 Protection of food by packaging materials
7.3 Films and foils; plastics

7.4 Glass containers

7.5 Paper packaging

7.6 "Tin can"/tinplate

Chapter 8 Fruit specific preservation technologies

D:/cd3wddvd/NoExe/.../meister10.htm 5/204



05/11/2011 Fruit and vegetable processing - Conte...
8.1 Fruit quality
8.2 Harvesting and preprocessing
8.3 Fresh fruit storage
8.4 Fruit drying and dehydration technology
8.5 Technology of semi-processed fruit products
8.6 Fruit sugar preserves technology; jams, jellies, marmalade, fruit paste
8.7 Fruit juice technologies
8.8 Banana and plantain processing technologies
8.9 Mango and guava processing technologies
8.10 Recent trends in fruit and vegetable processing

Chapter 9 Vegetable specific processing technologies

9.1 Vegetables varieties

9.2 Harvesting and pre-processing

9.3 Fresh vegetable storage

9.4 Vegetable drying/dehydration

9.5 Vegetable juices and concentrated products
9.6 Pickles and sauerkraut technology

9.7 Vegetable canning

Chapter 10 Quality control/quality assurance and international trade; good

D:/cd3wddvd/NoExe/.../meister10.htm 6/204



05/11/2011 Fruit and vegetable processing - Conte...

manufacturing practices (gmp); hygiene requirements; hazard analysis and
critical control points (HACCP)

10.1 Quality control/quality assurance and international trade
10.2 Good manufacturing practices (gmp); hygiene requirements
10.3 Hazard analysis and critical control points (HACCP

Chapter 11 Fruit and vegetable processing units - general approach;
preliminary study; how to invest, install and operate a processing centre;

modular units: from farm/family to community/business level

11.1 Preliminary study

11.2 How to prepare, start and operate a fruit and vegetable processing centre
11.3 Fruit and vegetable processing centre - module "level 5" family level

11.4 Fruit and vegetable processing unit - module "level 4" farm and/or community
level

11.5 Fruit and vegetable processing unit - module "level 3" community and / or
entrepreneurial level

11.6 Fruit and vegetable processing unit - module "level 2" business level

11.7 Fruit and vegetable processing centre - module "level 1" business and/or
national level

D:/cd3wddvd/NoExe/.../meister10.htm 7/204



05/11/2011 Fruit and vegetable processing - Conte...
11.8 Overall raw material consumption data / yield for fruit and vegetable
processed products - approximate data
11.9 Fruit and vegetable processing centre - quality control sheet daily recording
sheet finished products defects

Bibliography

Appendix | - Fruit and vegetable processing flow-sheets

Appendix Il - Standards for grades of dried apricots

Appendix Il - Recipe guidelines; dried fruit and vegetables

Appendix IV - Complete units and various equipment and material for fruit
and vegetable processing

Home"" """"> ar.cn.de.en.es.fr.id.it.ph.po.ru.sw

Foreword

Contents - Next™>

D:/cd3wddvd/NoExe/.../meister10.htm 8/204



05/11/2011 Fruit and vegetable processing - Conte...
This bulletin offers practical information to persons interested in the processing of fruits and
vegetables. It replaces AGS Bulletin No. 13 "Fruit Juice Processing", which was published in
1972. The new bulletin provides a much wider information base.

The publication starts with describing the general properties of fruits and vegetables, their
chemical composition and nutritional values. Following a presentation of the factors that affect the
deterioration of fruits and vegetables, various methods, traditional as well as modern for
preservation of foods are presented. Auxiliary materials used in the preparation of fruit and
vegetable products as well as adequate packaging materials are discussed.

Two major chapters are dedicated to the specific preservation technologies used for fruits and
vegetables. These chapters contain the description of the processes to be used, machinery,
processing time, temperatures, etc. They will provide technical personnel with useful and helpful
information.

FAO will be delighted to receive your comments and provide you with any additional information
that you may require. Address your enquiry to:

The Chief

Food and Agricultural Industries Service
Agricultural Services Division

FAO of the U.N.

Via delle Terme di Caracalla
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Chapter | Introduction

Contents - < Previous - Next>

1.1 General introduction

In developing countries agriculture is the mainstay of the economy. As such, it should be no
surprise that agricultural industries and related activities can account for a considerable proportion
of their output. Of the various types of activities that can be termed as agriculturally based, fruit
and vegetable processing are among the most important.

Both established and planned fruit and vegetable processing projects aim at solving a very clearly
identified development problem. This is that due to insufficient demand, weak infrastructure, poor
transportation and perishable nature of the crops, the grower sustains substantial losses. During the
post-harvest glut, the loss is considerable and often some of the produce has to be fed to animals or
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allowed to rot.

Even established fruit and vegetable canning factories or small/medium scale processing centres
suffer huge loss due to erratic supplies. The grower may like to sell his produce in the open market
directly to the consumer, or the produce may not be of high enough quality to process even though it
might be good enough for the table. This means that processing capacities will be seriously
underexploited.

The main objective of fruit and vegetable processing is to supply wholesome, safe, nutritious and
acceptable food to consumers throughout the year.

Fruit and vegetable processing projects also aim to replace imported products like squash, yams,
tomato sauces, pickles, etc., besides earning foreign exchange by exporting finished or semi-
processed products.

The fruit and vegetable processing activities have been set up, or have to be established in
developing countries for one or other of the following reasons:

¢ diversification of the economy, in order to reduce present dependence on one export
commodity;

¢ government industrialisation policy;

¢ reduction of imports and meeting export demands;

¢ stimulate agricultural production by obtaining marketable products;
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generate both rural and urban employment;

reduce fruit and vegetable losses;

improve farmers' nutrition by allowing them to consume their own processed fruit and
vegetables during the off-season;

generate new sources of income for farmers/artisans;

develop new value-added products.

Contents - < Previous - Next>

Home

1.2 Importance of fruit and vegetables in world agriculture

Contents - < Previous - Next>

Fruit and vegetables represent an important part of world agriculture production; some figures are
seen in Table 1.1.

TABLE 1.1 Fruit and Vegetable World Production, 1991

HCrop (Fruit) Production, 1000 T
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Total World Dev.ping all
Appies 39404 14847
Apricots 2224 1147
Avocados 2036 1757
Bananas 47660 46753
Citrus fruits NES 1622 1231
Cantaloupes and other melons 12182 8733
Dates 3192 3146
Grapes 57188 14257
Grapefruit and pomelo 4655 2073
Lemons and limes 6786 4457
Mangoes 16127 16075
Oranges 55308 40325
Peaches and nectarines 8682 2684
Pears 9359 4431
Papayas 4265 4205
Plantains 26847 26847
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Pih¢apples 10976 0783
Raisins 1041 470
Tangerines, mandarines, clementines 8951 4379
Watermelons 28943 19038
Currants 536009

Raspberries 369087

Strawberries 2469117 342009
Beans, green 3213 1702
Cabbages 36649 15569
Cauliflower 5258 2269
Carrots 13511 4545
Chilies + peppers, green 9145 6440
Cucumbers and gherkins 13619 7931
Eggplants 5797 4608
Garlic 3102 2446
Onions, dry 27977 17128
Peas, green 4856 1038
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|Pumpkins, squash, gourds 17933 16245 H

(Dev.ping = Developing countries) Source: FAO Yearbook, 1991, FAO Production
Yearbook, 1992

Contents - < Previous - Next>

Home

1.3 What fruit and vegetables can be processed?

Contents - < Previous - Next>

Practically any fruit and vegetable can be processed, but some important factors which
determine whether it is worthwhile are:

a. the demand for a particular fruit or vegetable in the processed form;
b. the quality of the raw material, i.e. whether it can withstand processing;
c. regular supplies of the raw material.

For example, a particular variety of fruit which may be excellent to eat fresh is not
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necessarily good for processing. Processing requires frequent handling, high temperature and
pressure.

Many of the ordinary table varieties of tomatoes, for instance, are not suitable for making
paste or other processed products. A particular mango or pineapple may be very tasty eaten
fresh, but when it goes to the processing centre it may fail to stand up to the processing
requirements due to variations in its quality, size, maturity, variety and so on.

Even when a variety can be processed, it is not suitable unless large and regular supplies are
made available. An important processing centre or a factory cannot be planned just to rely on
seasonal gluts; although it can take care of the gluts it will not run economically unless
regular supplies are guaranteed.

To operate a fruit and vegetable processing centre efficiently it is of utmost importance to
pre-organise growth, collection and transport of suitable raw material, either on the nucleus
farm basis or using outgrowers.

1.4 Processing planning

The secret of a well planned fruit and vegetable processing centre is that it must be designed
to operate for as many months of the year as possible. This means the facilities, the buildings,
the material handling and the equipment itself must be inter-linked and coordinated properly
to allow as many products as possible to be handled at the same time, and yet the equipment
D:/cd3wddvd/NoExe/.../meister10.htm 16/204
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must be versatile enough to be able to handle many products without major alterations.

A typical processing centre or factory should process four or five types of fruits harvested at
different times of the year and two or three vegetables. This processing unit must also be
capable of handling dried/dehydrated finished products, juices, pickles, tomato juice, ketchup
and paste, jams, jellies and marmalades, semi-processed fruit products.

Advanced planning is necessary to process a large range of products in varied weather and
temperature conditions, each requiring a special set of manufacturing and packaging
formulae. The end result of the efforts should be a well-managed processing unit with lower
initial investment.

A unit which is sensibly laid out and where one requirement co-relates to another, with a
sound costing analysis, leads to an integrated operation.

Instead of over-sophisticated machinery, a sensible simple processing unit may be required
when planned production is not very large and is geared mainly to meet the demand of the
domestic market.

1.5 Location

The basic objective is to choose the location which minimises the average production cost,
including transport and handling.
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It is an advantage, all other things being equal, to locate a processing unit near the fresh raw
material supply. It is a necessity for proper handling of the perishable raw materials, it allows
the processing unit to allow the product to reach its best stage of maturation and lessens
injury from handling and deterioration from changes during long transportation after
harvesting.

An adequate supply of good water, availability of manpower, proximity to rail or road
transport facilities and adequate markets are other important require ments.

1.6 Processing systems

a. Small-Scale Processing. This is done by small-scale farmers for personal subsistence or
for sale in nearby markets. In this system, processing requires little investment:
however, it is time consuming and tedious. Until recently, small-scale processing satisfied
the needs of rural and urban populations. However, with the rising rates of population
and urbanisation growth and their more diversified food demands, there is need for more
processed and diversified types of food.

b. Intermediate-Scale Processing. In this scale of processing, a group of small-scale
processors pool their resources. This can also be done by individuals. Processing is based
on the technology used by small-scale processors with differences in the type and
capacity of equipment used. The raw materials are usually grown by the processors
themselves or are purchased on contract from other farmers. These operations are
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usually located on the production site of in order to assure raw materials availability and
reduce cost of transport. This system of processing can provide quantities of processed
products to urban areas.

c. Large-Scale Processing. Processing in this system is highly mechanised and requires a
substantial supply of raw materials for economical operation. This system requires a
large capital investment and high technical and managerial skills. Because of the high
demand for foods in recent years many large-scale factories were established in
developing countries. Some succeeded, but the majority failed, especially in West Africa.
Most of the failures were related to high labour inputs and relatively high cost, lack of
managerial skills, high cost and supply instability of raw materials and changing
governmental policies. Perhaps the most important reason for failure was lack of
adequate quantity and regularity of raw material supply to factories. Despite the failure
of these commercial operations, they should be able to succeed with better planning and
management, along with the undertaking of more in-depth feasibility studies.

It can be concluded that all three types of processing systems have a place in developing
countries to complement crop production to meet food demand. Historically, however, small
and intermediate scale processing proved to be more successful than large-scale processing in
developing countries.

1.7 Choice of processing technologies for developing countries
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FAO maintains (in FAO, 1992¢), that the basis for choosing a processing technology for
developing countries ought to be to combine labour, material resources and capital so that not
only the type and quantity of goods and services produced are taken into account, but also
the distribution of their benefits and the prospects of overall growth. These should include:

a.

b.

increasing farmer/artisan income by the full utilisation of available indigenous raw
material and local manufacturing of part or all processing equipment;

cutting production costs by better utilisation of local natural resources (solar energy)
and reducing transport costs;

generating and distributing income by decentralising processing activities and involving
different beneficiaries in processing activities (investors, newly employed, farmers and
small-scale industry);

. maximising national output by reducing capital expenditure and royalty payments, more

effectively developing balance-of-payments deficits through minimising imports
(equipment, packing material, additives), and maximising export-oriented production;
maximising availability of consumer goods by maximisation of high-quality, standard
processed produce for internal and export markets, reducing post-harvest losses, giving
added value to indigenous crops and increasing the volume and quality of agricultural
output.

Knowledge and control of the means of production, local manufacturing of processing
equipment and development of appropriate/new technologies and more suitable raw material
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for processing must all be better researched.

Decentralisation of activities must be maintained and coordinated. The introduction of more
sophisticated processing equipment and packaging material must be subordinated to internal
and export marketing references.

Choosing a technology solely to maximise profits can actually work against true development.
Choice should also be based on a solid, long-term market opportunity to ensure viability.

The internal market should be given greater consideration, safeguarded and supported.

Training courses, at all levels, in processing and preservation of indigenous crops, must be
expanded.

1.8 Fruit and vegetables - global marketing view

Fruit and vegetables - global marketing view

Contents - < Previous - Next>
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Chapter 2 General properties of fruit and vegetables; chemical
composition and nutritional aspects; structural features

Contents - < Previous - Next>

2.1 General properties

Fruit and vegetables have many similarities with respect to their compositions, methods of
cultivation and harvesting, storage properties and processing. In fact, many vegetables may
be considered fruit in the true botanical sense. Botanically, fruits are those portions of the
plant which house seeds. Therefore such items as tomatoes, cucumbers, eggplant, peppers,
and others would be classified as fruits on this basis.

However, the important distinction between fruit and vegetables has come to be made on an
usage basis. Those plant items that are generally eaten with the main course of a meal are
considered to be vegetables. Those that are commonly eaten as dessert are considered fruits.
That is the distinction made by the food processor, certain marketing laws and the consuming
public, and this distinction will be followed in this document.

Vegetables are derived from various parts of plants and it is sometimes useful to associate
different vegetables with the parts of the plant they represent since this provides clues to
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some of the characteristics we may expect in these items. A classification of vegetables
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based on morphological features is seen in Table 2.1.

TABLE 2.1 Classification of Vegetables*

Category

Examples

Earth vegetables roots

sweet potatoes, carrots

modified stems tubers potatoes

modified buds bulbs onions, garlic

Herbage vegetables

leaves cabbage, spinach, lettuce

petioles (leaf stalk)

celery, rhubarb

flower buds

cauliflower, artichokes

sprouts, shoots (young stems)

asparagus, bamboo shoots

Fruit vegetables

legumes peas, green beans
cereals sweet corn
vine fruits squash, cucumber
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CIT . ITUIS tomato, ¢ 1 -
free Yruits avocado,%%gaﬁlﬁult

Source: Feinberg (1973)

Fruit as a dessert item, is the mature ovaries of plants with their seeds. The edible portion of
most fruit is the fleshy part of the pericarp or vessel surrounding the seeds. Fruit in general is
acidic and sugary. They commonly are grouped into several major divisions, de pending
principally upon botanical structure, chemical composition and climatic requirements.

Berries are fruit which are generally small and quite fragile. Grapes are also physically
fragile and grow in clusters. Melons, on the other hand, are large and have a tough outer rind.
Drupes (stone fruit) contain single pits and include such items as apricots, cherries, peaches
and plums. Pomes contain many pits, and are represented by apples, quince and pears.

Citrus fruit like oranges, grapefruit and lemons are high in citric acid. Tropical and
subtropical fruits include bananas, dates, figs, pineapples, mangoes, and others which require
warm climates, but exclude the separate group of citrus fruits.

The compositions of representative vegetables and fruits in comparison with a few of the
cereal grains are seen in Table 2.2.

TABLE 2.2 Typical percentage composition of foods from plant origin Percentage
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Composition- Edible Portion
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Food Carbo- Protein |Fat Ash Water
hydrate

Cereals

wheat flour, white 73.9 10.5 1.9 1.7 12

rice, milled, white 78.9 6.7 0.7 0.7 13

maize, whole grain 72.9 9.5 4.3 1.3 12

Earth vegetables

potatoes, white 18.9 2.0 0.1 1.0 78

sweet potatoes 27.3 1.3 0.4 1.0 70

Vegetables

carrots 9.1 1.1 0.2 1.0 88.6

radishes 4.2 1.1 0.1 0.9 93.7

asparagus 4.1 2.1 0.2 0.7 92.9

beans, snap, green 7.6 2.4 0.2 0.7 89.1

peas, fresh 17.0 6.7 0.4 0.9 75.0

lettuce 2.8 1.3 0.2 0.9 94.8
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Eruit

banana 24.0 1.3 0.4 0.8 73.5
orange 11.3 0.9 0.2 0.5 87.1
apple 15.0 0.3 0.4 0.3 84.0
strawberries 8.3 0.8 0.5 0.5 89.9

Source: Anon. (1960)

Compositions of vegetables and fruit not only vary for a given kind in according to botanical
variety, cultivation practices, and weather, but change with the degree of maturity prior to

harvest, and the condition of ripeness, which is progressive after harvest and is further
influenced by storage conditions. Nevertheless, some generalisations can be made.

Most fresh vegetables and fruit are high in water content, low in protein, and low in fat. In
these cases water contents will generally be greater than 70% and frequently greater than

85%.

Commonly protein content will not be greater than 3.5% or fat content greater than 0.5 %.
Exceptions exist in the case of dates and raisins which are substantially lower in moisture but

cannot be considered fresh in the same sense as other fruit. Legumes such as peas and

certain beans are higher in protein; a few vegetables such as sweet corn which are slightly

higher in fat and avocados which are substantially higher in fat.
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Vegetables and fruit are important sources of both digestible and indigestible carbohydrates.
The digestible carbohydrates are present largely in the form of sugars and starches while
indigestible cellulose provides roughage which is important to normal digestion.

Fruit and vegetables are also important sources of minerals and certain vitamins, especially
vitamins A and C. The precursors of vitamin A, including beta-carotene and certain other
carotenoids, are to be found particularly in the yellow-orange fruit and vegetables and in the
green leafy vegetables.

Citrus fruit are excellent sources of vitamin C, as are green leafy vegetables and tomatoes.
Potatoes also provide an important source of vitamin C for the diets of many countries. This
is not so much due to the level of vitamin C in potatoes which is not especially high but rather
to the large quantities of potatoes consumed.

Contents - < Previous - Next>

Home

2.2 Chemical composition

Contents - < Previous - Next>
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2.2.1 Water

Vegetal cells contain important quantities of water. Water plays a vital role in the evolution
and reproduction cycle and in physiological processes. It has effects on the storage period
length and on the consumption of tissue reserve substances.

In vegetal cells, water is present in following forms:

¢ bound water or dilution water which is present in the cell and forms true solutions with
mineral or organic substances;

¢ colloidal bound water which is present in the membrane, cytoplasm and nucleus and acts
as a swelling agent for these colloidal structure substances; it is very difficult to remove
during drying/dehydration processes;

¢ constitution water, directly bound on the chemical component molecules and which is
also removed with difficulty.

Vegetables contain generally 90-96% water while for fruit normal water content is between
80 and 90%.

2.2.2 Mineral substances
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Mineral substances are present as salts of organic or inorganic acids or as complex organic
combinations (chlorophyll, lecithin, etc.); they are in many cases dissolved in cellular juice.

Vegetables are more rich in mineral substances as compared with fruits. The mineral
substance content is normally between 0.60 and 1.80% and more than 60 elements are
present; the major elements are: K, Na, Ca, Mg, Fe, Mn, Al, P. Cl, S.

Among the vegetables which are especially rich in mineral substances are: spinach, carrots,
cabbage and tomatoes. Mineral rich fruit includes: strawberries, cherries, peaches and
raspberries. Important quantities of potassium (K) and absence of sodium chloride (NaCl)
give a high dietetic value to fruit and to their processed products. Phosphorus is supplied
mainly by vegetables.

Vegetables usually contain more calcium than fruit; green beans, cabbage, onions and beans
contain more than 0.1% calcium. The calciunyphosphorus or Ca/P ratio is essential for
calcium fixation in the human body; this value is considered normal at 0.7 for adults and at 1.0
for children. Some fruit are important for their Ca/P ratio above 1.0: pears, lemons, oranges
and some temperate climate mountain fruits and wild berries.

Even if its content in the human body is very low, iron (Fe) has an important role as a
constituent of haemoglobin. Main iron sources are apples and spinach.

Salts from fruit have a basic reaction; for this reason fruit consumption facilitates the
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neutralisation of noxious uric acid reactions and contributes to the acid-basic equilibrium in
the blood.

2.2.3 Carbohydrates

Carbohydrates are the main component of fruit and vegetables and represent more than 90%
of their dry matter. From an energy point of view carbohydrates represent the most valuable
of the food components; daily adult intake should contain about 500 g carbohydrates.

Carbohydrates play a major role in biological systems and in foods. They are produced by the
process of photosynthesis in green plants. They may serve as structural components as in the
case of cellulose; they may be stored as energy reserves as in the case of starch in plants;
they may function as essential components of nucleic acids as in the case of ribose; and as
components of vitamins such as ribose and riboflavin.

Carbohydrates can be oxidised to furnish energy, and glucose in the blood is a ready source
of energy for the human body. Fermentation of carbohydrates by yeast and other
microorganisms can yield carbon dioxide, alcohol, organic acids and other compounds.

Some properties of sugars. Sugars such as glucose, fructose, maltose and sucrose all share
the following characteristics in varying degrees, related to fruit and vegetable technology:
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¢ they supply energy for nutrition;

¢ they are readily fermented by micro-organisms;

¢ in high concentrations they prevent the growth of micro-organisms, so they may be used
as a preservative;

¢ on heating they darken in colour or caramelise;

¢ some of them combine with proteins to give dark colours known as the browning
reaction.

Some properties of starches:

¢ They provide a reserve energy source in plants and supply energy in nutrition;
¢ they occur in seeds and tubers as characteristic starch granules.

Some properties of celluloses and hemicelluloses:

¢ They are abundant in the plant kingdom and act primarily as supporting structures in the
plant tissues;

¢ they are insoluble in cold and hot water;

¢ they are not digested by man and so do not yield energy for nutrition;

¢ the fibre in food which produces necessary roughage is largely cellulose.

Some properties of pectins and carbohydrate gums.
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e Pectins are common in fruits and vegetables and are gum-like (they are found in and
between cell walls) and help hold the plant cells together;
¢ pectins in colloidal solution contribute to viscosity of the tomato paste;
¢ pectins in solution form gels when sugar and acid are added; this is the basis of jelly
manufacture.

2.2.4 Fats

Generally fruit and vegetables contain very low level of fats, below 0.5%. However,
significant quantities are found in nuts (55%), apricot kernel (40%), grapes seeds (16%),
apple seeds (20%) and tomato seeds (18%).

2.2.5 Organic acids

Fruit contains natural acids, such as citric acid in oranges and lemons, malic acid of apples,
and tartaric acid of grapes. These acids give the fruits tartness and slow down bacterial
spoilage.

We deliberately ferment some foods with desirable bacteria to produce acids and this give
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the food flavour and keeping quality. Examples are fermentation of cabbage to produce lactic
acid and yield sauerkraut and fermentation of apple juice to produce first alcohol and then
acetic acid to obtain vinegar.

Organic acids influence the colour of foods since many plant pigments are natural pH
indicators.

With respect to bacterial spoilage, a most important contribution of organic acids is in
lowering a food's pH. Under anaerobic conditions and slightly above a pH of 4.6, Clostridium
botulinum can grow and produce lethal toxins. This hazard is absent from foods high in
organic acids resulting in a pH of 4.6 and less.

Acidity and sugars are two main elements which determine the taste of fruit. The sugar/acid
ratio is very often used in order to give a technological characterisation of fruits and of some
vegetables.

2.2.6 Nitrogen-containing substances

These substances are found in plants as different combinations: proteins, amino acids,
amides, amines, nitrates, etc. Vegetables contain between 1.0 and 5.5 % while in fruit
nitrogen-containing substances are less than 1% in most cases.
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Among nitrogen containing substances the most important are proteins; they have a colloidal
structure and, by heating, their water solution above 50C an one-way reaction makes them
insoluble. This behaviour has to be taken into account in heat processing of fruits and
vegetables.

From a biological point of view vegetal proteins are less valuable then animal ones because in
their composition all essential amino-acids are not present.

2.2.7 Vitamins

Vitamins are defined as organic materials which must be supplied to the human body in small
amounts apart from the essential amino-acids or fatty acids.

Vitamins function as enzyme systems which facilitate the metabolism of proteins,
carbohydrates and fats but there is growing evidence that their roles in maintaining health
may extend yet further.

The vitamins are conveniently divided into two major groups, those that are fat-soluble and
those that are water-soluble. Fat-soluble vitamins are A, D, E and K. Their absorption by the
body depends upon the normal absorption of fat from the diet. Water-soluble vitamins include
vitamin C and several members of the vitamin B complex.
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Vitamin A or Retinol.

This vitamin is found as such only in animal materials - meat, milk, eggs and the like. Plants
contain no vitamin A but contain its precursor, beta-carotene. Man needs either vitamin A or
beta-carotene which he can easily convert to vitamin A. Beta-carotene is found in the orange
and yellow vegetables as well as the green leafy vegetables, mainly carrots, squash, sweet
potatoes, spinach and kale.

A deficiency of vitamin A leads to night blindness, failure of normal bone and tooth
development in the young and diseases of epithelial cells and membrane of the nose, throat
and eyes which decrease the body's resistance to infection.

Vitamin C.

Vitamin C is the anti-scurvy vitamin. Lack of it causes fragile capillary walls, easy bleeding
of the gums, loosening of teeth and bone joint diseases. It is necessary for the normal
formation of the protein collagen, which is an important constituent of skin and connective
tissue. Like vitamin E, vitamin C favours the absorption of iron.

Vitamin C, also known as ascorbic acid, is easily destroyed by oxidation especially at high
temperatures and is the vitamin most easily lost during processing, storage and cooking.

Excellent sources of vitamin C are citrus fruits, tomatoes, cabbage and green peppers.
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Potatoes also are a fair source (although the content of vitamin C is relatively low) because
we consume large quantities of potatoes.

2.2.8 Enzymes

Enzymes are biological catalysts that promote most of the biochemical reactions which occur
in vegetable cells.

Some properties of enzymes important in fruit and vegetable technology are the following:

¢ in living fruit and vegetables enzymes control the reactions associated with ripening;

¢ after harvest, unless destroyed by heat, chemicals or some other means, enzymes
continue the ripening process, in many cases to the point of spoilage - such as soft
melons or overripe bananas;

¢ because enzymes enter into a vast number of biochemical reactions in fruits and
vegetable, they may be responsible for changes in flavour, colour, texture and nutritional
properties;

¢ the heating processes in fruit and vegetables manufacturing/processing are designed not
only to destroy micro-organisms but also to deactivate enzymes and so improve the fruit
and vegetables' storage stability.
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Enzymes have an optimal temperature - around +50C where their activity is at maximum.
Heating beyond this optimal temperature deactivates the enzyme. Activity of each enzyme is
also characterised by an optimal pH.

In fruit and vegetable storage and processing the most important roles are played by the
enzymes classes of hydrolases (lipase, invertase, tannase, chlorophylase, amylase, cellulase)
and oxidoreductases (peroxidase, tyrosinase, catalase, ascorbinase, polyphenoloxidase).

2.2.9 Turgidity and texture

The range of textures that are encountered in fresh and cooked vegetables and fruit is
indeed great, and to a large extent can be explained in terms of changes in specific cellular
components. Since plants tissues generally contain more than two-thirds water, the
relationships between these components and water further determine textural differences.

Cell Turgidity. - Quite apart from other contributing factors, the state of turgidity,
determined by osmotic forces, plays a paramount role in the texture of fruit and vegetables.
The cell walls of plant tissues have varying degrees of elasticity and are largely permeable to
water and ions as well as to small molecules.

The membranes of the living protoplast are semi-permeable, that is they allow passage of
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water but are selective with respect to transfer of dissolved and suspended materials.

The cell vacuoles contain most of the water in plant cells and sugars, acids, salts, amino acids,
some water-soluble pigments and vitamins, and other low molecular weight constituents are
dissolved in this water.

In the living plant, water taken up by the roots passes through the cell walls and membranes
into the cytoplasm of the protoplasts and into the vacuoles to establish a state of osmotic
equilibrium within the cells.

The osmotic pressure within the cell vacuoles and within the protoplasts pushes the
protoplasts against the cell walls and causes them to stretch slightly in accordance with their
elastic properties. This is the situation in the growing plant and the harvested live fruit or
vegetable which is responsible for desired plumpness, succulence, and much of the crispness.

When plant tissues are damaged or killed by storage, freezing, cooking, or other causes, an
important major change that results is denaturation of the proteins of cell membranes
resulting in the loss of perm-selectivity. Without perm-selectivity the state of osmotic
pressure in cell vacuoles and protoplasts cannot exist, and water and dissolved substances are
free to diffuse out of the cells and leave the remaining tissue in a soft and wilted condition.

Other Factors Affecting Texture. The existence of a high degree of turgidity in live fruit and
vegetables or whether a relative state of flabbiness develops from loss of osmotic pressure as
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well as final texture depends on several cell constituents.

Cellulose, Hemicellulose, and Lignin. Cell walls in young plants are very thin and are
composed largely of cellulose. As the plant ages cell walls tend to thicken and become higher
in hemicellulose and in lignin. These materials are fibrous and tough and are not significantly
softened by cooking.

Pectic Substances. The complex polymers of sugar acid derivatives include pectin and closely
related substances. The cement-like substance found especially in the middle lamella which
helps hold plant cells to one another is a water-insoluble pectic substance.

On mild hydrolysis it yields water-soluble pectin which can form gels or viscous colloidal
suspensions with sugar and acid. Certain water-soluble pectic substances also react with
metal ions, particularly calcium, to form water-insoluble salts such as calcium pectates. The
various pectic substances may influence texture of vegetables and fruits in several ways.

When vegetables or fruit are cooked, some of the water-insoluble pectic substance is
hydrolysed into water-soluble pectin. This results in a degree of cell separation in the tissues
and contributes to tenderness. Since many fruits and vegetables are somewhat acidic and
contain sugars the soluble pectin also tends to form colloidal suspensions which will thicken
the juice or pulp of these products.

Fruit and vegetables also contain a natural enzyme which can further hydrolyse pectin to the
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point where the pectin loses much of its gel forming property. This enzyme is known as pectin
methyl esterase. Materials such as tomato juice or tomato paste will contain both pectin and
pectin methyl esterase.

If freshly prepared tomato juice or paste is allowed to stand the original viscosity gradually
decreases due to the action of pectin methyl esterase on pectin gel.

This can be prevented if the tomato products are quickly heated to a temperature of about
82C (180 F) to deactivate the pectin methyl esterase liberated from broken cells before it has
a chance to hydrolyse the pectin. Such a treatment is commonly practiced in the manufacture
of tomato juice products. This is known as the "hot-break process' and yields products of
high viscosity.

In contrast, where low viscosity products are desired no heat is used and enzyme activity is
allowed to proceed. This is '"cold-break' process. After sufficient decrease in viscosity is
achieved the product can be heat treated, as in canning, to preserve it for long term storage.

It is often also desirable to firm the texture of fruit and vegetables, especially when products
are normally softened by processing. In this case advantage is taken of the reaction between
soluble pectic substances and calcium ions which form calcium pectates. These calcium
pectates are water insoluble and when they are produced within the tissues of fruit and
vegetables they increase structural rigidity. Thus, it is common commercial practice to add
low levels of calcium salts to tomatoes, apples, and other vegetables and fruits prior to
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canning or freezing.

2.2.10 Sources of colour and colour changes

In addition to a great range of textures, much of the interest that fruits and vegetables add to
our diets is due to their delightful and variable colours. The pigments and colour precursors of
fruit and vegetables occur for the most part in the cellular plastic inclusions such as the
chloroplasts and other chromoplasts, and to a lesser extent dissolved in fat droplets or water
within the cell protoplast and vacuoles.

These pigments are classified into four major groups which include the chlorophylls,
carotenoids, anthocyanins, and anthoanthins. Pigments belonging to the latter two groups also
are referred to as flavonoids, and include the tannins.

The Chlorophylls. The chlorophylls are contained mainly within the chloroplasts and have a
primary role in the photosynthetic production of carbohydrates from carbon dioxide and
water. The bright green colour of leaves and other parts of plants is largely due to the
oilsoluble chlorophylls, which in nature are bound to protein molecules in highly organised
complexes.

When the plant cells are killed by ageing, processing, or cooking, the protein of these
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complexes is denatured and the chlorophyll may be released. Such chlorophyll is highly
unstable and rapidly changes in colour to olive green and brown. This colour change is
believed to be due to the conversion of chlorophyll to the compound pheophytin.

Conversion to pheophytin is favoured by acid pH but does not occur readily under alkaline
conditions. For this reason peas, beans, spinach, and other green vegetables which tend to
lose their bright green colours on heating can be largely protected against such colour
changes by the addition of sodium bicarbonate or other alkali to the cooking or canning
water.

However, this practice is not looked upon favourably nor used commercially because alkaline
pH also has a softening effect on cellulose and vegetable texture and also destroys vitamin C
and thiamin at cooking temperatures.

The Carotenoids. Pigments belonging to this group are fat-soluble and range in colour from
yellow through orange to red. They often occur along with the chlorophylls in the
chloroplasts, but also are present in other chromoplasts and may occur free in fat droplets.
Important carotenoids include the orange carotenes of carrot, maize, apricot, peach, citrus
fruits, and squash; the red lycopene of tomato, watermelon, and apricot; the yellow-orange
xanthophyll of maize, peach, paprika and squash; and the yellow-orange crocetin of the spice
saffron. These and other carotenoids seldom occur singly within plant cells.

A major importance of some of the carotenoids is their relationship to vitamin A. A molecule
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of orange beta-carotene is converted into two molecules of colourless vitamin A in the animal
body. Other carotenoids like alpha-carotene, gamma-carotene, and cryptoxanthin also are
precursors of vitamin A, but because of minor differences in chemical structure one molecule
of each of these yields only one molecule of vitamin A.

In food processing the carotenoids are fairly resistant to heat, changes in pH, and water
leaching since they are fat-soluble. However, they are very sensitive to oxidation, which
results in both colour loss and destruction of vitamin A activity.

The Flavonoids. Pigments and colour precursors belonging to this class are water-soluble and
commonly are present in the juices of fruit and vegetables. The flavonoids include the purple,
blue, and red anthocyanins of grapes, berries, plump, eggplant, and cherry; the yellow
anthoxanthins of light coloured fruit and vegetables such as apple, onion, potato, and
cauliflower, and the colourless catechins and leucoanthocyanins which are food tannins and
are found in apples, grapes, tea, and other plant tissues. These colourless tannin compounds
are easily converted to brown pigments upon reaction with metal ions.

Properties of the anthocyanins include a shifting of colours with pH. Thus many of the
anthocyanins which are violet or blue in alkaline media become red upon addition of acid.

Cooking of beets with vinegar tends to shift the colour from a purplish red to a brighter red,
while alkaline water can influence the colour of red fruits and vegetables toward violet and
gray-blue.
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The anthocyanins also tend toward the violet and blue hues upon reaction with metal ions,
which is one reason for lacquering the inside of metal cans when the true colour of
anthocyanin-containing fruits and vegetables is to be preserved.

The water-soluble property of anthocyanins also results in easy leaching of these pigments
from cut fruit and vegetables during processing and cooking.

The yellow anthoxanthins also are pH sensitive tending toward a deeper yellow in alkaline
media. Thus potatoes or apples become somewhat yellow when cooked in water with a pH of
8 or higher, which is common in many areas. Acidification of the water to pH 6 or lower
favours a whiter colour.

The colourless tannin compounds upon reaction with metal ions form a range of dark coloured
complexes which may be red, brown, green, grey, or black. The various shades of these
coloured complexes depend upon the particular tannin, the specific metal ion, pH,
concentration of the complex, and other factors not yet fully understood.

Water-soluble tannins appear in the juices squeezed from grapes, apples, and other fruits as
well as the brews from extraction of tea and coffee. The colour and clarity of tea are
influenced by the hardness and pH of the brewing water. Alkaline waters that contain
calcium and magnesium favour the formation of dark brown tannin complexes which
precipitate when the tea is cooled.
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If acid in the form of lemon juice is added to such tea its colour lightens and the precipitate
tends to dissolve. Iron from equipment or from pitted tin cans has caused a number of
unexpected colours to develop in products containing tannins, such as coffee, cocoa and foods
flavoured with these.

The tannins are also important because they have an astringency which influences flavour
and contributes body to such beverages as tea, wine, apple cider, etc.

Contents - < Previous - Next>
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2.3 Activities of living systems
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Fruit and vegetables are in a live state after harvest. Continued respiration gives off carbon
dioxide, moisture, and heat which influence storage, packaging, and refrigeration
requirements. Continued transpiration adds to moisture evolved and further influences
packaging requirements.
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Further activities of fruit and vegetables, before and after harvest, include changes in
carbohydrates, pectins, organic acids, and the effects these have on various quality attributes
of the products.

As for changes in carbohydrates, few generalizations can be given with respect to starches

and sugars. In some plant products sugars quickly decrease and starch increases in amount

soon after harvest. This is the case for ripe sweet corn which can suffer flavour and texture
quality losses in a very few hours after harvest.

Unripe fruit, in contrast, is frequently high in starch and low in sugars. Continued ripening
after harvest generally results in a decrease in starch and a increase in sugars as in the case
of apples and pears. However, this does not necessarily mean that the starch is the source of
the newly formed sugars.

Further, the courses of change in starch and sugars are markedly influenced by postharvest
storage temperatures. Thus potatoes stored below about 10 C (50 F) continue to build up high
levels of sugars, while the same potatoes stored above 10 C do not.

This property is used to help the dehydration process in potato storage. Here potatoes should
have a low reducing sugar content so as to minimise Maillard browning reactions during
drying and subsequent storage of the dried product. In this case potatoes are stored above
10C prior to being further processed.
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After harvest the pectin changes in fruit and vegetables are more predictable. Generally
there is decrease in water-insoluble pectic substance and a corresponding increase in
watersoluble pectin. This contributes to the gradual softening of fruits and vegetables during
storage and ripening. Further breakdown of water-soluble pectin by pectin methyl esterase
also occurs.

The organic acids of fruit generally decreases during storage and ripening. This occurs in
apples and pears and is especially important in the case of oranges. Oranges have a long
ripening period on the tree and time of picking is largely determined by degree of acidity and
sugar content which have major effects upon juice quality.

It is important to note that the reduction of acid content on ripening influences more than just
the tartness of fruit. Since many of the plant pigments are sensitive to acid, fruit colour would
be expected to change. Additionally, the viscosity of pectin gel is affected by acid and sugar
contents, both of which change with ripening.

2.4 Stability of nutrients

One of the principal responsibilities of the food scientist and food technologist is to preserve
food nutrients through all phases of food acquisition, processing, storage, and preparation.
The key is in the specific sensitivities of the various nutrients, the principles of which are
illustrated in Table 2.4.1.
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TABLE 2.4.1 Specific sensitivity and stability of nutrients*

Nutrient Neutral |Acid < |Alkaline > |Air or Light |Heat |Cooking
pH 7 pH 7 pH 7 Oxygen Losses,

Range

Vitamins

Vitamin A S U S U U U 0-40

Ascorbic U S U U U U 0-100

acid(C)

Biotin S S S S S U 0-60

Carotenes S U S U 0-30

(pro A) 0-5

Choline S S S U S S 0-10

Cobalamin S S S U S

(B12) 0-40

Vitamin D S U U U U 0-10

Essential S S U U U S

fatty acids
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Folic acid U U S U U U 0-100
Inositol S S S S S U 0-95
Vitamin K S U U S U S 0-5
Niacin (PP) S S S S S S 0-75
Pantbothenic S U U S S U 0-50
acid

p-Amino S S S U S S 0-5
Benzoic acid

Vitamin B6 S S S S U U 0-40
Riboflavin S S U S U U 0-75
(B2)

Tbiamin (B1) |U S U U S U 0-80
Tocopherols S S S U U U 0-55

*Source: Harris and Karmas, 1975
(U = Unstable; S = Stable)

This shows the stability of vitamins, essential amino acids, and minerals to acid, air, light, and
heat, and gives an indication of possible cooking losses. Vitamin A is highly sensitive to acid,
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air, light and heat; vitamin C to alkalinity, air, light and heat; vitamin D to alkalinity, air, light
and heat; thiamin to alkalinity, air, and heat in alkaline solutions; etc. Cooking losses of some
essential nutrients may be in excess of 75%. In modern food processing operations, however,
losses are seldom in excess of 25% .

The ultimate nutritive value of a food results from the sum total of losses incurred throughout
its history - from farmer to consumer. Nutrient value begins with genetics of the plant and
animal. The farmland fertilization program affects tissue composition of plants, and animals
consuming these plants. The weather and degree of maturity at harvest affect tissue
composition.

Storage conditions before processing affect vitamins and other nutrients. Washing, trimming,
and heat treatments affect nutrient content. Canning, evaporating, drying, and freezing alter
nutritional values, and the choices of times and temperatures in these operations frequently
must be balanced between good bacterial destruction and minimum nutrient destruction.

Packaging and subsequent storage affect nutrients. One of the most important factors is the
final preparation of the food in the home and the restaurant - the steam table can destroy
much of what has been preserved through all prior manipulations.

2.5 Structural features

The structural unit of the edible portion of most fruits and vegetables is the parenchyma cell.
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While parenchyma cells of different fruit and vegetables differ somewhat in gross size and
appearance, all have essentially the same fundamental structure.

Parenchyma cells of plants differ from animal cells in that the actively metabolising
protoplast portion of plant cells represents only a small fraction, of the order of five per cent,
of the total cell volume. This protoplast is film-like and is pressed against the cell wall by the
large water-filled central vacuole.

The protoplast has inner and outer semi-permeable membrane layers; the cytoplasm and its
nucleus are held between them. The cytoplasm contains various inclusions, among them
starch granules and plastics such as the chloroplasts and other pigme nt-containing
chromoplasts. The cell wall, cellulose in nature, contributes rigidity to the parenchyma cell
and limits the outer protoplasmic membrane. It is also the structure against which other
parenchyma cells are cemented to form extensive three-dimensional tissue masses.

The layer between cell walls of adjacent parenchyma cells is referred to as the middle
lamella, and is composed largely of pectic and polysaccharide cement-like materials. Air
spaces also exist, especially at the angles formed where several cells come together.

The relationships between these structures and their chemical compositions are further
outlined below. The parenchyma cells will vary in size among plants but are quite large when
compared to bacterial or yeast cells. The larger parenchyma cells may have volumes many
thousand times greater than a typical bacterial cell.
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There are additional types of cells other than parenchyma cells that make up the familiar
structures of fruit and vegetables. These include various types of conducting cells which are
tube-like and distribute water and salts throughout the plant.

Such cells produce fibrous structures toughened by the presence of cellulose and the
woodlike substance lignin. Cellulose, lignin, and pectic substances also occur in specialised
supporting cells which increase in importance as plants become older.

An important structural feature of all plants, including fruit and vegetables is protective
tissue. This can take many forms but usually is made up of specialised parenchyma cells that
are pressed compactly together to form a skin, peel or rind.

Surface cells of these protective structures on leaves, stems or fruit secrete waxy cutin and
form a water impermeable cuticle. These surface tissues, especially on leaves and young
stems will also contain numerous valve-like cellular structures, the stomata, through which
moisture and gases can pass.

Structural and chemical components of the vegetal cells are seen in Table 2.5.1.

TABLE 2.5.1 Structural and chemical components of the cells

Vacuole H20, inorganic salts, organic acids, oil droplets, sugars,
water-soluble pigments, amino acids, vitamins
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- Membrane tonoplast
(inner) plasmalemma
(outer)

protein, lipoprotein, phospholipids, physic acid

- Nucleus

- Cytoplasm

*active

chloroplasts

Chlorophyll

mesoplasm (ground
substance)

enzymes, intermediary metabolites, nucleic acid

mitochondria

enzymes (protein), Fe, Cu. Mo vitamin coenzyme

microsomes

nucleoproteins, enzymes (proteins), nucleic acid

*inert

starch grains

reserve carbohydrate (starch), phosphorus

aleurone

reserve protein

chromoplast

pigments (carotenoids)

oil droplets

triglycerides of fatty acids
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!5 calcivum nvq]qu’ ete

Cell Wall

- primary wall cellulose, hemicellulose, pectic substances and non-
cellulose

- middle lamella pectic substances and non-cellulose polysaccharides, Mg,
Ca

- plasmodesmata cytoplasmic strands interconnecting cyctoplasm of cells
through pores in the cell wall

- surface materials esters of long chain fatty acids (cutin or cuticle) and long
chain alcohols

Source: Feinberg (1973)
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Chapter 3 Deterioration factors and their control
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A summary of overall deterioration reactions in fruits and vegetables is presented below.

3.1 Enzymic changes

Enzymes which are endogenous to plant tissues can have undesirable or desirable
consequences. Examples involving endogenous enzymes include a) the post-harvest
senescence and spoilage of fruit and vegetables; b) oxidation of phenolic substances in plant
tissues by phenolase (leading to browning); c¢) sugar - starch conversion in plant tissues by
amylases; d) post-harvest demethylation of pectic substances in plant tissues (leading to
softening of plant tissues during ripening, and firming of plant tissues during processing).

The major factors useful in controlling enzyme activity are: temperature, water activity, pH,
chemicals which can inhibit enzyme action, alteration of substrates, alteration of products
and pre-processing control.

3.2 Chemical changes

3.2.1 Sensory quality

The two major chemical changes which occur during the processing and storage of foods and
lead to a deterioration in sensory quality are lipid oxidation and non-enzymatic browning.
Chemical reactions are also responsible for changes in the colour and flavour of foods during
processing and storage.
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3.2.1.1 Lipid oxidation rate and course of reaction is influenced by light, local oxygen
concentration, high temperature, the presence of catalysts (generally transition metals such
as iron and copper) and water activity. Control of these factors can significantly reduce the
extent of lipid oxidation in foods.

3.2.1.2 Non-enzymic browning is one of the major causes of deterioration which occurs during
storage of dried and concentrated foods. The non-enzymic browning, or Maillard reaction,
can be divided into three stages: a) early Maillard reactions which are chemically well-
defined steps without browning; b) advanced Maillard reactions which lead to the formation
of volatile or soluble substances; and c) final Maillard reactions leading to insoluble brown
polymers.

3.2.1.3 Colour changes

Chlorophylls. Almost any type of food processing or storage causes some deterioration of the
chlorophyll pigments. Phenophytinisation (with consequent formation of a dull olivebrown
phenophytin) is the major change; this reaction is accelerated by heat and is acid catalysed.

Other reactions are also possible. For example, dehydrated products such as green peas and
beans packed in clear glass containers undergo photo-oxidation and loss of desirable colour.

Anthocyanins. These are a group of more than 150 reddish water-soluble pigments that are
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very widespread in the plant kingdom. The rate of anthocyanin destruction is pH dependent,
being greater at higher pH values. Of interest from a packaging point of view is the ability of
some anthocyanins to form complexes with metals such as Al, Fe, Cu and Sn.

These complexes generally result in a change in the colour of the pigment (for example, red
sour cherries react with tin to form a purple complex) and are therefore undesirable. Since
metal packaging materials such as cans could be sources of these metals, they are usually
coated with special organic linings to avoid these undesirable reactions.

Carotenoids. The carotenoids are a group of mainly lipid soluble compounds responsible for
many of the yellow and red colours of plant and animal products. The main cause of
carotenoid degradation in foods is oxidation. The mechanism of oxidation in processed foods
is complex and depends on many factors. The pigments may auto-oxidise by reaction with
atmospheric oxygen at rates dependent on light, heat and the presence of pro- and
antioxidants.

3.2.1.4 Flavour changes

In fruit and vegetables, enzymically generated compounds derived from long-chain fatty

acids play an extremely important role in the formation of characteristic flavours. In addition,

these types of reactions can lead to significant off-flavours. Enzyme-induced oxidative

breakdown of unsaturated fatty acids occurs extensively in plant tissues and this yield

characteristic aromas associated with some ripening fruits and disrupted tissues.
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The permeability of packaging materials is of importance in retaining desirable volatile
components within packages, or in permitting undesirable components to permeate through
the package from the ambient atmosphere.

3.2.2 Nutritional quality

The four major factors which affect nutrient degradation and can be controlled to varying
extents by packaging are light, oxygen concentration, temperature and water activity.
However, because of the diverse nature of the various nutrients as well as the chemical
heterogeneity within each class of compounds and the complex interactions of the above
variables, generalizations about nutrient degradation in foods will inevitably be broad ones.

Vitamins. Ascorbic acid is the most sensitive vitamin in foods, its stability varying markedly
as a function of environmental conditions such as pH and the concentration of trace metal
ions and oxygen. The nature of the packaging material can significantly affect the stability of
ascorbic acid in foods. The effectiveness of the material as a barrier to moisture and oxygen
as well as the chemical nature of the surface exposed to the food are important factors.

For example, problems of ascorbic acid instability in aseptically packaged fruit juices have
been encountered because of oxygen permeability of the package and the oxygen
dependence of the ascorbic acid degradation reaction.
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Also, because of the preferential oxidation of metallic tin, citrus juices packaged in cans with
a tin contact surface exhibit greater stability of ascorbic acid than those in enamelled cans or
glass containers. The aerobic and anaerobic degradation reactions of ascorbic acid in
reduced-moisture foods have been shown to be highly sensitive to water activity, the reaction
rate increasing in an exponential fashion over the water activity range of 0.1-0.8.

3.3 Physical changes

One major undesirable physical change in food powders is the absorption of moisture as a
consequence of an inadequate barrier provided by the package; this results in caking. It can
occur either as a result of a poor selection of packaging material in the first place, or failure
of the package integrity during storage. In general, moisture absorption is associated with
increased cohesiveness.

Anti-caking agents are very fine powders of an inert chemical substance that are added to
powders with much larger particle size in order to inhibit caking and improve flowability.
Studies in onion powders showed that at ambient temperature, caking does not occur at
water activities of less than about 0.4.

At higher activities, however, (aw > 0.45) the observed time to caking is inversely
proportional to water activity, and at these levels anti-caking agents are completely
ineffective. It appears that while they reduce inter-particle attraction and interfere with the
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continuity of liquid bridges, they are unable to cover moisture sorption sites.

3.4 Biological changes
3.4.1 Microbiological

Micro-organisms can make both desirable and undesirable changes to the quality of foods
depending on whether or not they are introduced as an essential part of the food preservation
process or arise unintentionally and subsequently grow to produce food spoilage.

The two major groups of micro-organisms found in foods are bacteria and fungi, the latter
consisting of yeasts and moulds. Bacteria are generally the fastest growing, so that in
conditions favourable to both, bacteria will usually outgrow fungi.

Foods are frequently classified on the basis of their stability as non-perishable, semi-
perishable and perishable. For example, hermetically sealed and heat processed (e.g. canned)
foods are generally regarded as non-perishable. However, they may become perishable under
certain circumstances when an opportunity for recontamination is afforded following
processing.

Such an opportunity may arise if the can seams are faulty, or if there is excessive corrosion
resulting in internal gas formation and eventual bursting of the can. Spoilage may also take
place when the canned food is stored at unusually high temperatures: thermophilic spore-
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forming bacteria may multiply, causing undesirable changes such as flat sour spoilage.

Low moisture content foods such as dried fruit and vegetables are classified as semi-
perishable. Frozen foods, though basically perishable, may be classified as semi-perishable
provided that they are properly stored at freezer temperatures.

The majority of foods (e.g. meat and fish, milk, eggs and most fresh fruits and vegetables)
are classified as perishable unless they have been processed in some way. Often, the only
form of processing which such foods receive is to be packaged and kept under controlled
temperature conditions.

The species of micro-organisms which cause the spoilage of particular foods are influenced by
two factors: a) the nature of the foods and b) their surroundings. These factors are referred
to as intrinsic and extrinsic parameters.

The intrinsic parameters are an inherent part of the food: pH, ayy, nutrient content,

antimicrobial constituents and biological structures. The extrinsic parameters of foods are
those properties of the storage environment that affect both the foods and their
microorganisms. The growth rate of the micro-organisms responsible for spoilage primarily
depends on these extrinsic parameters: temperature, relative humidity and gas compositions
of the surrounding atmosphere.

The protection of packaged food from contamination or attack by micro-organisms depends
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on the mechanical integrity of the package (e.g. the absence of breaks and seal
imperfections), and on the resistance of the package to penetration by micro-organisms.

Metal cans which are retorted after filling can leak during cooling, admitting any
microorganisms which may be present in the cooling water, even when the double seam is of a
high quality. This fact is widely known in the canning industry and is the reason for the
mandatory chlorination of cannery cooling water.

Extensive studies on a variety of plastic films and metal foils have shown that microorganisms
(including mounds, yeasts and bacteria) cannot penetrate these materials in the absence of
pinholes.

In practice, however, thin sheets of packaging materials such as aluminium and plastic do
contain pinholes. There are several safeguards against the passage of micro-organisms
through pinholes in films:

¢ because of surface tension effects, micro-organisms cannot pass through very small
pinholes unless the micro-organisms are suspended in solutions containing wetting agents
and the pressure outside the package is greater than that within;

e materials of packaging are generally used in thicknesses such that pinholes are very
infrequent and small;

¢ for applications in which package integrity is essential (such as sterilisation of food in
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pouches), adequate test methods are available to assure freedom from bacterial
recontamination.

3.4.2 Macrobiological
3.4.2.1 Insect Pests

Warm humid environments promote insect growth, although most insects will not breed if the
temperature exceeds about 35 C° or falls below 10 C°. Also many insects cannot reproduce
satisfactorily unless the moisture content of their food is greater than about 11%.

The main categories of foods subject to pest attack are cereal grains and products derived
from cereal grains, other seeds used as food (especially legumes), dairy products such as
cheese and milk powders, dried fruits, dried and smoked meats and nuts.

As well as their possible health significance, the presence of insects and insect excrete in
packaged foods may render products unsaleable, causing considerable economic loss, as well
as reduction in nutritional quality, production of off-flavours and acceleration of decay
processes due to creation of higher temperatures and moisture levels.

Early stages of infestation are often difficult to detect; however, infestation can generally be
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spotted not only by the presence of the insects themselves but also by the products of their
activities such as webbing, clumped-together food particles and holes in packaging materials.

Unless plastic films are laminated with foil or paper, insects are able to penetrate most of
them quite easily, the rate of penetration usually being directly related to film thickness. In
general, thicker films are more resistant than thinner films, and oriented films tend to be
more effective than cast films. The looseness of the film has also been reported to be an
important factor, loose films being more easily penetrated than tightly fitted films.

Generally, the penetration varies depending on the basic resin from which the film is made,
on the combination of materials, on the package structure, and of the species and stage of
insects involved. The relative resistance to insect penetration of some flexible packaging
materials is as follows:

¢ excellent resistance: polycarbonate; poly-ethylene-terephthalate;

¢ good resistance: cellulose acetate; polyamide; polyethylene (0.254 mm); polypropylene
(biaxially oriented); poly-vinyl-chloride (unplasticised);

¢ fair resistance: acrylonitrile; poly-tetra-fluoro-ethylene; polyethylene (0.123 mm);

¢ poor resistance: regenerated cellulose; corrugated paper board; kraft paper;
polyethylene (0.0254 - 0.100 mm); paper/foil/polyethylene laminate pouch; poly-
vinylchloride (plasticised).
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Some simple methods for obtaining insect resistance of packaging materials are as following:

¢ select a film and a film thickness that are inherently resistant to insect penetration;
¢ use shrink film over-wraps to provide an additional barrier;
¢ seal carton flaps completely.

3.4.2.2 Rodents

Rats and mice carry disease-producing organisms on their feet and/or in their intestinal tracts
and are known to harbour salmonella of serotypes frequently associated with food-borne
infections in humans. In addition to the public health consequences of rodent populations in
close proximity to humans, these animals also compete intensively with humans for food.

Rats and mice gnaw to reach sources of food and drink and to keep their teeth short. Their
incisor teeth are so strong that rats have been known to gnaw through lead pipes and
unhardened concrete, as well as sacks, wood and flexible packaging materials.

Proper sanitation in food processing and storage areas is the most effective weapon in the
fight against rodents, since all packaging materials apart from metal and glass containers can
be attacked by rats and mice.
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Summary

Major causes of food deterioration include the following:

growth and activities of micro-organisms, principally bacteria, yeasts and moulds;
activities of natural food enzymes;

insects, parasites and rodents;

temperature, both heat and cold;

moisture and dryness;

air and in particular oxygen;

light;

time.

@ -0 Q0 T O

Extrinsic factors controlling the rate of food DETERIORATION reactions are mainly:

Effect of temperature;
Effect of water activity (ay);

Effect of gas atmosphere;
Effect of light.

20 Do
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Chapter 4 Methods of reducing deterioration
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A knowledge of deterioration factors and the way they act, including the rates of
deterioration to a specific category of food, means that it is possible to list the ways of
lowering or stopping the action and obtaining fruit and vegetable preservation.

In order to maintain their nutritional value and organoleptic properties and because of
technical-economical considerations, not all the identified means against deterioration
actually have practical applications for fruit and vegetable preservation.

4.1 Technical methods of reducing food deterioration

These technical means can be summarised as follows:

Physical Heating

Cooling

Lowering of water content Drying/dehydration. Concentration
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ISterilising filtration

Irradiation

Other physical means (high pressure, vacuum, inert gases)

Chemical

Salting

Smoking

Sugar addition

Artificial acidification

Ethyl alcohol addition

Antiseptic substance action

Biochemical

Lactic fermentation (natural acidification)

Alcoholic fermentation

This classification of methods of reducing deterioration presents some difficulties because
their preservation effects are physical, physico-chemical, chemical and biochemical complex
phenomena which rarely act in isolation. Normally they take place together or one after the

other.

From the whole list of possible methods of reducing deterioration, over the years, some
procedures for fruit and vegetable preservation have found practical application.
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4.2 Procedures for fruit and vegetable preservation

Procedures

Practical applications

Fresh storage

Fruits, vegetables

Cold storage Fruits, vegetables
Freezing Fruits, vegetables
Drying/dehydration Fruits, vegetables
Concentration Fruit and vegetable juices

Chemical preservation

Fruit semi-processed

Preservation with sugar

Fruit products/preserves

Pasteurization Fruit and vegetable juices
Sterilisation Fruits, vegetables
Sterilising filtration Fruit juices

Irradiation Fruits, vegetables

These preservation procedures have two main characteristics as far as being applied to all

food products is concerned:

¢ some of them are applied only to one or some categories of foods; others can be used
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across the board and thus a wider application (cold storage, freezing,
drying/dehydration, sterilisation, etc.);
¢ some guarantee food preservation on their own while others require combination with
other procedures, either as principal or as auxiliary processes in order to assure
preservation (for example smoking has to be preceded by salting).

4.3 Combined preservation procedures

In practice preservation procedures aim at avoiding microbiological and biochemical
deterioration which are the principal forms of deterioration. Even with all recent progress
achieved in this field, no single one of these technological procedures applied alone can be
considered wholly satisfactory from a microbiological, physico-chemical and organoleptic
point of view, even if to a great extent the food value is assured.

Thus, heat sterilisation cannot be applied in order to destroy all micro-organisms present in
foods without inducing non desirable modifications. Preservation by dehydration/drying
assures microbiological stability but has the drawback of undesirable modifications that
appear during storage: vitamin losses, oxidation phenomena, etc.

Starting with these considerations, the actual tendency in food preservation is to study the
application of combined preservation procedures, aiming at the realisation of maximum
efficiency from a microbiological and biological point of view, with reduction to a minimum of
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organoleptical degradation and decrease in food value.

The principles of combined preservation procedures are:

¢ avoid or reduce secondary (undesirable) effects in efficient procedures for
microbiological preservation;

¢ avoid qualitative degradation appearing during storage of products preserved by
efficient procedures from a microbiological point of view;

¢ increase microbiological efficiency of preservation procedures by supplementary means;

¢ combine preservation procedures in order to obtain maximum efficiency from a
microbiological point of view, by specific action on various types of micro-organisms
present;

e establish combined factors that act simultaneously on bacterial cells.

Research and applications in this direction were followed by microbiological and bioche mical
way, obtaining a serial of combination of preservation procedures with the possibility of
application in industrial practice. [unclear]

4.3.1 Fresh fruit and vegetable storage can be combined with:

e storage in controlled atmosphere where carbon dioxide and oxygen levels are monitored,
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increasing concentration of CO2 and lowering that of oxygen according to fruit species.
Excellent results were obtained for pomace fruit; in particular the storage period for
apples has been extended. Application of this combined procedure requires airtight
storage rooms.
¢ storage in an environment containing ethylene oxide; this accelerates ripening in some
fruit: tomatoes, bananas, mangoes, etc.

4.3.2 Cold storage can be combined with storage in an environment with added of carbon
dioxide, sulphur dioxide, etc. according to the nature of product to be preserved.

4.3.3 Preservation by drying/dehydration can be combined with:

- freezing: fresh fruit and vegetables are dehydrated up to the point where their weight is
reduced by 50% and then they are preserved by freezing.

This procedure (freeze-drying) combines the advantages of drying (reduction of volume and
weight) with those of freezing (maintaining vitamins and to a large extent organoleptic
properties).

A significant advantage of this process is the short drying time in so far as it is not necessary
to go beyond the inflexion point of the drying curve. The finished products after defreezing
and rehydration/reconstitution are of a better quality compared with products obtained by
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dehydration alone.

¢ cold storage of dried/dehydrated vegetables in order to maintain vitamin C; storage
temperature can be varied with storage time and can be at -8 C for a storage time of
more than one year, with a relative humidity of 70-75 %.

¢ packaging under vacuum or in inert gases in order to avoid action of atmospheric
oxygen;, mainly for products containing beta-carotene.

¢ chemical preservation: a process used intensively for prunes and which has commercial
applications is to rehydrate the dried product up to 35 % using a bath containing hot 2 %
potassium sorbate solution. Another possible application of this combined procedure is
the initial dehydration up to 35% moisture followed by immersion in same bath as
explained above; this has the advantage of reducing drying time and producing minimum
qualitative degradation. Both applications suppress the dehydrated products
reconstitution (rehydration) step before consumption.

¢ packaging in the presence of desiccants (calcium oxide, anhydrous calcium chloride, etc.)
in order to reduce water vapour content in the package, especially for powdered
products.

4.3.4 Preservation by concentration, carried out by evaporation, is combined with cold
storage during warm season for tomato paste (when water content cannot be reduced under
the limit needed to inhibit moulds and yeasts, e.g. ay = 0.70...0.75).
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4.3.5 Chemical preservation is combined with:

¢ acidification of food medium (lowering pH);
¢ using combined chemical preservatives.

4.3.6 Preservation by lactic fermentation (natural acidification) can be combined with cold
storage for pickles in order to prolong storage time or shelf-life.

4.3.7 Preservation with sugar is combined with pasteurization for some preserves having a
sugar content below 65%.

Contents - < Previous - Next»
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Chapter 5 General procedures for fruit and vegetable
preservation
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5.1 Fresh storage

Fresh fruit and vegetable storage

Once fruit is harvested, any natural resistance to the action of spoiling micro-organisms is
lost. Changes in enzymatic systems of the fruit also occur on harvest which may also
accelerate the activity of spoilage organisms.

Means that are commonly used to prevent spoilage of fruits must include:

[ ]

care to prevent cutting or bruising of the fruit during picking or handling;
refrigeration to minimise growth of micro-organisms and reduce enzyme activity;
packaging or storage to control respiration rate and ripening;

use of preservatives to kill micro-organisms on the fruit.

A principal economic loss occurring during transportation and/or storage of produce such as
fresh fruit is the degradation which occurs between the field and the ultimate destination due
to the effect of respiration. Methods to reduce such degradation are as follows:

refrigerate the produce to reduce the rate of respiration;
vacuum cooling;
reduce the oxygen content of the environment in which the produce is kept to a value
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not above 5% of the atmosphere but above the value at which anaerobic respiration
would begin. When the oxygen concentration is reduced within 60 minutes the
deterioration is in practice negligible.

The following is a summary of some recent developments in post-harvest technology of fresh
fruits and vegetables (Source: Thompson, 1989).

Harvest maturity. This is particularly important with fruit for export. One recent innovation
is the measurement of resonant frequency of the fruit which should enable the grading out of
over mature and under-mature fruit before they are packed for export.

Harvest method. Considerable research is continuing on mechanical harvesting of perishable
crops with a view to minimising damage. In fruit trees, controlling their height by use of
dwarfing rootstocks, pruning and growth regulating chemicals will lead to easier, cheaper
more accurate harvesting.

Handling systems. Field packing of various vegetables for export has been carried out for
many years. In the last decade or so this has been applied, in selected cases, to a few tropical
fruit types. Where this system can be practiced it has considerable economic advantages in
saving the cost of building, labour and equipment and can result in lower levels of damage
into crops.

Pre-cooling. Little innovation has occurred in crop pre-cooling over the last decade. However
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high velocity, high humidity forced air systems have continued to be developed and refined.
These are suitable for all types of produce and are relatively simple to build and operate and,
while not providing the speed of cooling of a vacuum or hydrocooler, have the flexibility to be
used with almost all crops.

Chemicals. There is a very strong health lobby whose objective is to reduce the use of
chemicals in agriculture and particularly during the post harvest period. Every year sees the
prohibition of the use of commonly used post-harvest chemicals. New ways need to be
developed to control post-harvest diseases, pest and sprouting.

Coatings. Slowing down the metabolism of fruit and vegetables by coating them with a
material which affects their gaseous exchange is being tested and used commercially on a
number of products.

Controlled environment transport. Recent innovations in this technique have produced great
progress as a result of the development and miniaturisation of e quipment to measure carbon
dioxide and oxygen. Several companies now offer containers where the levels of these two
gases can be controlled very precisely.

Contents - < Previous - Next>
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5.2 Preservation by reduction of water content: drying/dehydration and
concentration

Contents - < Previous - Next>

5.2.1 Water and water activity (a,) in foods

Micro-organisms in a healthy growing state may contain in excess of 80% water. They get
this water from the food in which they grow. If the water is removed from the food it also will
transfer out of the bacterial cell and multiplication will stop. Partial drying will be less
effective than total drying, though for some micro-organisms partial drying may be quite
sufficient to arrest bacterial growth and multiplication.

Bacteria and yeasts generally require more moisture than moulds, and so moulds often will be
found growing on semi-dry foods where bacteria and yeasts find conditions unfavourable;
example are moulds growing on partially dried fruits.

Slight differences in relative humidity in the environment in which the food is kept or in the
food package can make great differences in the rate of micro-organism multiplication. Since
micro-organisms can live in one part of a food that may differ in moisture and other physical
and chemical conditions from the food just millimetres away, we must be concerned with
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conditions in the "microenvironment" of the micro-organisms. Thus it is common to refer to
water conditions in terms of specific activity.

The term "water activity" is related to relative humidity. Relative humidity is defined as the
ratio of the partial pressure of water vapour in the air to the vapour pressure of pure water
at the same temperature. Relative humidity refers to the atmosphere surrounding a material
or solution.

Water activity or aw is a property of solutions and is the ratio of vapour pressure of the
solution compared with the vapour pressure of pure water at the same temperature. Under
equilibrium conditions water activity equals:

ay = RH/ 100

When we speak of moisture requirements of micro-organisms we really mean water activity
in their immediate environment, whether this be in solution, in a particle of food or at a
surface in contact with the atmosphere.

At the usual temperatures permitting microbial growth, most bacteria require a water
activity in the range of about 0.90 to 1.00.

Some yeasts and moulds grow slowly at a water activity down to as low as about 0.65.
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Qualitatively, water activity is a measure of unbound, free water in a system available to
support biological and chemical reactions. Water activity, not absolute water content, is what
bacteria, enzymes and chemical reactants encounter and are affected by at the micro-
environmental level in food materials.

Two foods with the same water content can have very different ay, values depending upon

the degree to which water is free or otherwise bound to food constituents. Fig. 5.2.1 is a
representative water absorption isotherm for a given food at a given temperature. It shows
the final moisture content the food will have when it reaches moisture equilibrium with
atmospheres of different relative humidities.

Thus, this food, at the temperature for which this absorption isotherm was established, will
ultimately attain a moisture content of 20% at 75% RH (relative humidity). If this food was
previously dehydrated to below 20% moisture and placed in an atmosphere of 75% RH, it
would absorb moisture until it reached 20%. Conversely, if this food was moistened to
greater than 20% water and then placed at 75% RH, it would lose moisture until it reached
the equilibrium value of 20%.

Under such conditions some foods may reach moisture equilibrium in the very short time of a
few hours, others may require days or even weeks. When a food is in moisture equilibrium
with its environment, then the ay, of the food will be quantitatively equal to the RH divided

by 100.
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Qualitatively, water activity is a measure of free or available water, to be distinguished from
unavailable or bound water. These states of water also bear a relationship to the
characteristic sigmoid shapes of water absorption isotherm curves of various foods.

Thus, according to theory, most of the water corresponding to the portion of the curve below
its first inflection point (below 5% moisture in Fig. 5.2.1) is believed to be tightly bound
water, often referred to as an adsorbed mono-molecular layer of water. Moisture
corresponding to the region above this point and up to the curve's second inflection point
(above 20 % moisture in Fig. 5.2.1) is thought to exist largely as multi-molecular layers of
water less tightly held to food constituent surfaces.

Figure 5.2.1 Water sorption isotherm

Beyond this second inflection point moisture generally is considered to be largely free water
condensed in capillaries and interstices within the food. In this latter portion of the sorption
isotherm curve small changes in moisture content result in great changes in a food's ay. In

Fig. 5.2.2 are illustrated the moisture sorption isotherms for various dried fruits at 25 C .

Figure 5.2.2 Moisture sorption isotherms for various dried fruits at 25C

5.2.2 Preservation by drying/dehydration
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The technique of drying is probably the oldest method of food preservation practiced by
mankind. The removal of moisture prevents the growth and reproduction of micro-organisms
causing decay and minimises many of the moisture mediated deterioration reactions.

It brings about substantial reduction in weight and volume minimising packing, storage and
transportation costs and enable storability of the product under ambient temperatures,
features especially important for developing countries. The sharp rise in energy costs has
promoted a dramatic upsurge in interest in drying world-wide over the last decade.

5.2.2.1 Heat and mass transfer

Dehydration involves the application of heat to vaporise water and some means of removing
water vapour after its separation from the fruit/vegetable tissues. Hence it is a
combined/simultaneous (heat and mass) transfer operation for which energy must be
supplied.

A current of air is the most common medium for transferring heat to a drying tissue and
convection is mainly involved.

The two important aspects of mass transfer are:

¢ the transfer of water to the surface of material being dried and
¢ the removal of water vapour from the surface.
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In order to assure products of high quality at a reasonable cost, dehydration must occur fairly
rapidly. Four main factors affect the rate and total drying time:

¢ the properties of the products, especially particle size and geometry;

¢ the geometrical arrangement of the products in relation to heat transfer medium (drying
air);

¢ the physical properties of drying medium/ environment;

¢ the characteristics of the drying e quipment.

It is generally observed with many products that the initial rate of drying is constant and then
decreases, sometimes at two different rates. The drying curve is divided into the constant
rate period and the falling rate period.

Surface area. Generally the fruit and vegetables to be dehydrated are cut into small pieces
or thin layers to speed heat and mass transfer. Subdivision speeds drying for two reasons:

¢ large surface areas provide more surface in contact with the heating medium (air) and
more surface from which moisture can escape;

¢ smaller particles or thinner layers reduce the distance heat must travel to the centre of
the food and reduce the distance through which moisture in the centre of the food must
travel to reach the surface and escape.

D:/cd3wddvd/NoExe/.../meister10.htm 83/204



05/11/2011 Fruit and vegetable processing - Conte...
Temperature. The greater the temperature difference between the heating medium and the
food the greater will be the rate of heat transfer into the food, which provides the driving
force for moisture removal. When the heating medium is air, temperature plays a second
important role.

As water is driven from the food in the form of water vapour it must be carried away, or else
the moisture will create a saturated atmosphere at the food's surface which will slow down
the rate of subsequent water removal. The hotter the air the more moisture it will hold
before becoming saturated.

Thus, high temperature air in the vicinity of the dehydrating food will take up the moisture
being driven from the food to a greater extent than will cooler air. Obviously, a greater
volume of air also can take up more moisture than a lesser volume of air.

Air velocity. Not only will heated air take up more moisture than cool air, but air in motion
will be still more effective. Air in motion, that is, high velocity air, in addition to taking up
moisture will sweep it away from the drying food's surface, preventing the moisture from
creating a saturated atmosphere which would slow down subsequent moisture removal. This
is why clothes dry more rapidly on a windy day.

Some other phenomena influence the drying process and a few elements are summarised
below.
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Dryness of air. When air is the drying medium of food, the drier the air the more rapid is the
rate of drying. Dry air is capable of absorbing and holding moisture. Moist air is closer to
saturation and so can absorb and hold less additional moisture than if it were dry. But the
dryness of the air also determines how low a moisture content the food product can be dried
to.

Atmospheric pressure and vacuum. If food is placed in a heated vacuum chamber the
moisture can be removed from the food at a lower temperature than without a vacuum.
Alternatively, for a given temperature, with or without vacuum, the rate of water removal
from the food will be greater in the vacuum. Lower drying temperatures and shorter drying
times are especially important in the case of heat-sensitive foods.

Evaporation and temperature. As water evaporates from a surface it cools the surface. The
cooling is largely the result of absorption by the water of the latent heat of phase change
from liquid to gas.

In doing this the heat is taken from the drying air or the heating surface and from the hot
food, and so the food piece or droplet is cooled.

Time and temperature. Since all important methods of food dehydration employ heat, and
food constituents are sensitive to heat, compromises must be made between maximum
possible drying rate and maintenance of food quality.
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As is the case in the use of heat for pasteurization and sterilisation, with few exceptions
drying processes which employ high temperatures for short times do less damage to food than
drying processes employing lower temperatures for longer times.

Thus, vegetable pieces dried in a properly designed oven in four hours would retain greater
quality than the same products sun dried over two days.

Several drying processes will achieve dehydration in a matter of minutes or even less if the
food is sufficiently subdivided.

5.2.2.2 Drying techniques

Several types of dryers and drying methods, each better suited for a particular situation, are
commercially used to remove moisture from a wide variety of food products including fruit
and vegetables.

While sun drying of fruit crops is still practiced for certain fruit such as prunes, figs, apricots,
grapes and dates, atmospheric dehydration processes are used for apples, prunes, and several
vegetables; continuous processes as tunnel, belt trough, fluidised bed and foam-mat drying
are mainly used for vegetables.

Spray drying is suitable for fruit juice concentrates and vacuum dehydration processes are
useful for low moisture / high sugar fruits like peaches, pears and apricots.
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Factors on which the selection of a particular dryer/ drying method depends include:

¢ form of raw material and its properties;

desired physical form and characteristics of dried product;
necessary operating conditions;

operation costs.

[ ]

There are three basic types of drying process:

¢ sun drying and solar drying;

¢ atmospheric drying including batch (kiln, tower and cabinet dryers) and continuous
(tunnel, belt, belt-trough, fluidised bed, explosion puff, foam-mat, spray, drum and
microwave);

¢ sub-atmospheric dehydration (vacuum shelf/belt/drum and freeze dryers).

The scope has been expanded to include use of low temperature, low energy process like
osmotic dehydration.

As far dryers are concerned, one useful division of dryer types separates them into air
convection dryers, drum or roller dryers, and vacuum dryers. Using this breakdown, Table
5.2.1 indicates the applicability of the more common dryer types to liquid and solid type foods.

TABLE 5.2.1 Common dryer types used for liquid and solid foods .
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Dryer type

Usual food type

Air convection dryers

kiln

pieces

cabinet, tray or pan

pieces, pures, liquids

tunnel

pieces

continuous conveyor belt

pures, liquids

belt trough pieces

air lift small pieces, granules
fluidized bed small pieces, granules
spray liquid, pures

Drum or roller dryers

atmospheric pures, liquids
vacuum pures, liquids
Vacuum dryers

vacuum shelf pieces, pures, liquids
vacuum belt pures, liquids

freeze dryers pieces, liquids
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Source: Potter, 1984

5.2.3 Fruit and vegetable natural drying - sun and solar drying

Surplus production and specifically grown crops may be preserved by natural drying for use
until the next crop can be grown and harvested. Natural dried products can also be
transported cheaply for distribution to areas where there are permanent shortages of fruit
and vegetables.

The methods of producing sun and solar dried fruit and vegetables described here are simple
to carry out and inexpensive. They can be easily employed by grower, farmer, cooperative,
etc.

The best time to preserve fruits and vegetables is when there is a surplus of the product and
when it is difficult to transport fresh materials to other markets. This is especially true for
crops which are very easily damaged in transport and which stay in good condition for a very
short time. Preservation extends the storage (shelf) life of perishable foods so that they can
be available throughout the year despite their short harvesting season.

Sun and solar drying of fruits and vegetables is a cheap method of preservation because it
uses the natural resource/ source of heat: sunlight. This method can be used on a commercial
scale as well at the village level provided that the climate is hot, relatively dry and free of
rainfall during and immediately after the normal harvesting period. The fresh crop should be
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of good quality and as ripe (mature) as it would need to be if it was going to be used fresh.
Poor quality produce cannot be used for natural drying.

Dried fruit and vegetables have certain advantages over those preserved by other methods.
They are lighter in weight than their corresponding fresh produce and, at the same time, they
do not require refrigerated storage. However, if they are kept at high temperatures and have
a high moisture content they will turn brown after relatively short periods of storage.

Different lots at various stages of maturity (ripeness) must NOT be mixed together; this
would result in a poor dried product. Some varieties of fruit and vegetables are better for
natural drying than other; they must be able to withstand natural drying without their texture
becoming tough so that they are not difficult to reconstitute. Some varieties are unsuitable
because they have irregular shape and there is a lot of wastage in trimming and cutting such
varieties.

Damaged parts which have been attacked by insects, rodents, diseases, etc. and parts which
have been discoloured or have a bad appearance or colour, must be removed. Before
trimming and cutting, most fruit and vegetables must be washed in clean water. Onions are
washed after they have been peeled.

Trimming includes the selection of the parts which are to be dried, cutting off and disposing
of all unwanted material. After trimming, the greater part of the fruit and vegetables cut into
even slices of about 3 to 7 mm thick or in halves/quarters, etc.
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It is very important to have all slices/parts in one drying lot of the same thickness/size; the
actual thickness will depend on the kind of material. Uneven slices or different sizes dry at
different rates and this result in a poor quality end product. Onions and root crops are sliced
with a hand slicer or vegetable cutter; bananas, tomatoes and other vegetables or fruit are
sliced with stainless-steel knives.

As a general rule plums, grapes, figs, dates are dried as whole fruits without cutting/slicing.

Some fruit and vegetables, in particular bananas, apples and potatoes, go brown very quickly
when left in the air after peeling or slicing; this discoloration is due to an active enzyme
called phenoloxidase. To prevent the slices from going brown they must be kept under water
until drying can be started. Salt or sulphites in solution give better protection. However,
whichever method is used, further processing should follow as soon as possible after cutting
or slicing.

Blanching - exposing fruit and vegetable to hot or boiling water - as a pre-treatment before
drying has the following advantages:

¢ it helps clean the material and reduce the amount of micro-organisms present on the
surface;

¢ it preserves the natural colour in the dried products; for example, the carotenoid
(orange and yellow) pigments dissolve in small intracellular oil drops during blanching
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and in this way they are protected from oxidative breakdown during drying;
¢ it shortens the soaking and/or cooking time during reconstitution.

During hot water blanching, some soluble constituents are leached out: water-soluble
flavours, vitamins (vitamin C) and sugars. With potatoes this may be an advantage as
leaching out of sugars makes the potatoes less prone to turning brown.

Blanching is a delicate processing step; time, temperature and the other conditions must be
carefully monitored.

A suitable water-blanching method in traditional processing is as follows:

¢ the sliced material is placed on a square piece of clean cloth; the corners of the cloth are
tied together;

¢ a stick is put through the tied corners of the cloth;

¢ the cloth is dipped into a pan containing boiling water and the stick rests across the top
of the pan thus providing support for the cloth bag.

The average blanching time is 6 minutes. The start of blanching has to be timed from the
moment the water starts to boil again after the cloth bag has been dipped into the pan. While
the material is being blanched the cloth bag should be raised and lowered in the water so that
the material is heated evenly.
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When the blanching time is completed the cloth bag and its content should be dipped into cold
water to prevent over-blanching. If products are over-blanched (boiled for too long) they will
stick together on the drying trays and they are likely to have a poor flavour.

Green beans, carrots, okra, turnip and cabbage should always be blanched. The producer can
choose whether or not potatoes need blanching. Blanching is not needed for onions, leeks,
tomatoes and sweet peppers. Tomatoes are dipped into hot water for one minute when they
need to be peeled but this is not blanching.

As a rule fruit is not blanched.
Use of preservatives.

Preservatives are used to improve the colour and keeping qualities of the final product for
some fruits and vegetables. Preservatives include items such as sulphur dioxide, ascorbic
acid, citric acid, salt and sugar and can either be simple or compound solutions.

Treatment with preservatives takes place after blanching or, when blanching is not needed,
after slicing. In traditional, simple processing the method recommended is:

¢ put enough preservative solution to cover the cloth bag into a container/pan;
¢ dip the bag containing the product into the preservative solution for the amount of time
specified;
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¢ remove the bag and put it on a clean tray while the liquid drains out. The liquid which
drains out must not go back into the preservative solution because it would weaken the
solution.

Care must be taken after each dip to refill the container to the original level with fresh
preservative solution of correct strength. After five lots of material have been dipped, the
remaining solution is thrown away; i.e. a fresh lot of preservative solution is needed for every
5 lots of material. The composition and strength of the preservative solution vary for
different fruit and vegetables.

The strength of sulphur dioxide is expressed as "parts per million" (ppm). 1.5 grams of
sodium metabisulphite in one litre of water gives 1000 ppm of sulphur dioxide. Details for
solutions of different strengths are given in the following table.

TABLE 5.2.2 Dilutions of sodium metabisulphite with water to obtain "PM" of sulphur
dioxide (SO2)

PPM SO» SODIUM METABISULPHITE

Grams per litre of |Grams per 20
water litre tin of
water
1000 1.5 30.0
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2000 3.0 60.0
3000 4.5 90.0
4000 6.0 120.0
5000 7.5 150.0
6000 9.0 180.0
7000 10.5 210.0

One level teaspoon of sodium metabisulphite = c. 5 g.

_*| Go To Next Page

Contents - < Previous - Next>

Home > ar.cn.de.en.es.fr.id.it.ph.po.ru.s

Sodium bicarbonate is added to the blanching water when okra, green peas and some other
green vegetables are blanched. The chemical raises the pH of the blanching water and
prevents the fresh green colour of chlorophyll being changed into pheophytin which is
unattractive brownish-green.
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The preservative solutions in the fruit and vegetable pre-treatment can only be used in
enamelled, plastic or stainless-steel containers; never use ordinary metal because solutions
will corrode this type of container.

As a general rule, preservatives are not used for treating onions, garlic, leeks, chilies and
herbs.

Osmotic dehydration.

In osmotic dehydration the prepared fresh material is soaked in a heavy (thick liquid sugar
solution) and/or a strong salt solution and then the material is sun or solar dried. During
osmotic treatment the material loses some of its moisture. The syrup or salt solution has a
protective effect on colour, flavour and texture.

This protective effect remains throughout the drying process and makes it possible to
produce dried products of high quality. This process makes little use of sulphur dioxide.

Sun drying

The main problems for sun drying are dust, rain and cloudy weather. Therefore, drying areas
should be dust-free and whenever there is a threat of a dust storm or rain, the drying trays
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should be stacked together and placed under cover.

In order to produce dust-free and hygienically clean products, fruit and vegetable material
should be dried well above ground level so that they are not contaminated by dust, insects,
livestock or people. All materials should be dried on trays designed for the purpose; the most
common drying trays have wooden frames with a fitted base of nylon mosquito netting. Mesh
made of woven grass can also be used. Metal netting must NOT be used because it discolours
the product.

The trays should be placed on a framework at table height from the ground. This allows the
air to circulate freely around the drying material and it also keeps the food product well away
from dirt. Ideally the area should be exposed to wind and this speed up drying, but this can
only be done if the wind is free of dust.

With 80 cm x 50 cm trays, the approximate load for a tray is 3 kg; the material should be
spread in even layers. During the first part of the drying period, the material should be
stirred and turned over at least once an hour.

This will help the material dry faster and more evenly, prevent it sticking together and
improve the quality of the finished product. Products for sun drying should be prepared early
in the day; this will ensure that the material enjoys the full effect of the sun during the early

stages of drying.
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At night the trays should be stacked in a ventilated room or covered with canvas. Plastic
sheets should NEVER be used for covering individual trays during sun drying.

Dry or nearly dry products can be blown out of the tray by the wind. However, this can be
protected by covering the loaded tray with an empty one; this also gives protection against
insects and birds.

Shade drying

Shade drying is carried out for products which can lose their colour and/or turn brown if put
in direct sunlight. Products which have naturally vivid colours like herbs, green and red sweet
peppers, chilies, green beans and okra give a more attractive end-product when they are
dried in the shade.

The principles for the shade drying are the same as for sun drying. The material to be dried
requires full air circulation. Therefore, shade drying is carried out under a roof or thatch
which has open sides; it CANNOT be done either inside conventional buildings with side walls
or in compounds sheltered from wind. Under dry conditions when there is a good circulation
of air, shade drying takes little more time than is normally required for drying in full sunlight.

5.2.4 Identification of suitable designs of solar dryers for different applications
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In the selection of appropriate solar dryers for commercial scale operation, it is imperative
that economics be kept in view at all time. A total Energy System concept should be
employed and due consideration be given to parasitic energy consumption.

The following features have been identified:

¢ large scale dryers are more promising than small scale ones. However, small scale
dryers should not be neglected.

¢ the dryer should be designed to maximise the utilisation factor of the capital investment,
i.e. multi-products (fruit, vegetables and other raw material) and multi-use (e.g. drying
and heating water for domestic use).

¢ in general, an auxiliary heat source should be provided to assure reliability, to handle
peak loads and also to provide continuous drying during periods of no sunshine.

¢ forced convection indirect dryers are preferred because they offer better control, more
uniform drying and because of their high heat collection efficiency result in smaller
collector area. However, parasitic power should be kept to a minimum.

Two dryer systems have been identified:

¢ a cabinet type dryer with natural convection for internal air circulation for the
processing of dried fruit such as mango, banana, pineapple, apricot, pear, apple, etc. and
also for potato chips and other vegetables;
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¢ a greenhouse type dryer with forced air circulation.

Some of the barriers to the commercial development of solar dryers have been attributed to:

¢ initial cost - poor farmers cannot afford them

¢ durability - constant breakdown due to using low cost building materials

¢ misuse - through lack of training and technical skills

¢ dependability and reliability - during the wet season when drying is critical there is not
enough solar energy available

¢ the wider use of Solar Drying Systems has been limited by other factors which are not
necessarily of a technical or technological nature. Among the most important are the
lack of national policies directed to promoting the drying of produce at the production
site, in order to reduce losses, improve quality and increase farmers' earnings.

5.2.5 Construction of solar dryers

In the case of simple natural convection dryers it may be more appropriate to build and
operate a number of small units. Multiplicity allows diversity, since more than one crop can
be dried at a time. A further advantage is that if one dryer is out of operation due to damage,
drying can still continue at reduced capacity using the other dryers.
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On the other hand, more sophisticated dryers, such as forced convection solar dryers, benefit
from economies of scale due to the investment tied up in the fan and the source of heat.

Generally speaking, one large dryer will be more cost-effective than two smaller units.
However, it should be taken into consideration that an oversized unit will be operating at less
than full capacity, reducing any cost advantage. The drying area required will depend on local
conditions, commodity and number of trays on each rack or trolley.

5.2.5.1 Construction methods and materials

Construction methods and available materials may vary considerably from location to
location. It is not within the scope of this document to discuss individual, local circumstances.
Some general guidelines regarding factors which must be considered can, however, be given:

- dimensions of standard materials. Where possible, design should take account of the sizes of
material locally available. For example, it would be poor design to specify the width of a
corrugated iron collector as 1.1 m if the standard width of a corrugated iron sheet is 1 m.

Before finalising a design the commercial availability of materials must be ascertained.

- use of rural materials. The cost of building of solar dryer can be minimised if the producer is
able to use wood cut straight from the forest rather than prepared timber.
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Careful design in the development stage of a dryer can often facilitate the use of cheaper
materials. Difficulties caused by these materials are in joining pieces of the structure, in
sealing the structure against air leaks, and in attaching the plastic sheet to the (wooden)
frame. There is obvious scope for designs which use prepared timber for strategic points and
unprepared at others.

Where the use of wood is necessary, remember to take environmental factors into
consideration. For example, determine the effect of flash flooding or termites might be and
take the appropriate preventive action.

- use of plastic sheets. For many solar dryers, the clear plastic sheet used is the major capital
cost to the farmer; therefore, the type of plastic chosen is important.

A choice must be made between a relatively cheap plastic such as ordinary polyethylene
which will last, at best, for one season due to photo-degradation and wear and tear; and a
more expensive, better quality plastic less prone to photo-degradation; or even glass or a
rigid plastic.

Attaching plastic sheet to the framework structure, so as to minimise the likelihood of the
plastic being torn is, perhaps, the most difficult part of building a dryer. Listed below are
some general points which should be followed to prolong the useful lifetime of plastic sheet on
a solar dryer:
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when attaching plastic sheet to the framework, care should be taken to stretch the
plastic at the points of attachment, but the plastic should not be so loose that it will flap
about in the wind;

rather than merely stapling or nailing the plastic directly to the framework, it is
preferable to sandwich the plastic between the framework and a batten. This may not be
practical when unprepared wood or other materials are being used.

no sharp edges should come in contact with the plastic sheet since these will initiate
tears;

fold over the plastic at the point of attachment to the frame, so that there are two or
more layers of plastic. This will help prevent tears;

when fixing the sheet over the framework, sags and hollows in which water can collect
should be avoided wherever possible;

the dryer should be handled as carefully and as seldom as possible during operation and
when not in use.

5.2.5.2 Technical criteria

The following design factors must be established:

[ ]

the throughput of the dryer over the productive season; the size of batch to be dried;
the drying period(s) under stated conditions;
the initial and desired final moisture content of the commodity (if known);
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¢ the drying characteristics of the commodity, such as maximum drying temperature,
effect of sunlight upon the product quality, etc.;

¢ climatic conditions during the drying season, i.e. sunlight intensity and duration; air
temperature and humidity; wind speed (such data may be available from local
meteorological stations);

¢ availability and reliability of electrical power;

¢ the availability, quality, durability and price of potential construction materials such as:

o glazing materials: glass, plastic sheet or film;
°o wood (prepared or unprepared);

o nails, screw, bolts, etc.;

o metal sheet, flat or corrugated angle iron;

o bricks (burnt or mud), concrete blocks, stones, cement, sand, etc.
o roofing thatch;

o metal mesh, wire netting, etc.

°© mosquito netting, muslin, etc.

o bamboo or fibre weave;

o black paint, other blackening materials;

o insulation material; sawdust, etc.;

¢ the type of labour available to build and operate the dryer;
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¢ the availability of clean water at the site for preparation of the commodity prior to

drying.

In any one situation there may well be other technical factors that need to be considered.

5.2.5.3 Socio-economic criteria

From the initial considerations, estimates of the capital costs of the dryer, the price of the
commodity to be dried, and the likely selling price of the dried product will have been made.
Other question that need to be considered are the following:

[ ]

who will own the dryer?

is the dryer to be constructed by the end-user (with or without advice from extension
agencies), local contractors, or other organisations?

who will operate and maintain it?

how can the drying operation be incorporated into current practices?

are sources of finance from local authorities or extension agencies available, etc.?

Obviously there are many other socio-economic factors, particularly those of a local nature,
which must be taken into account. It cannot be stressed too highly that if such factors are not
taken into account and evaluated, then is every chance that an inappropriate dryer design
may result. Equal emphasis must be placed on both technical and socio-economic factors.
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Summary

a) Situations where solar dryer may be useful:

where the cost of conventional energy is prohibitive and/or the supply is erratic, to
supplement existing artificial drying systems and reduce fuel costs;

where land is in short supply or expensive;

where the quality of existing sun dried products can be improved upon;

where the labour is in short supply;

where is plenty of sunshine, but high humidity.

b) Situations where solar dryers may not be useful:

where conventional energy sources are abundant and cheap;

where large amounts of combustible by-products or waste materials are freely available;
where there is insufficient sunshine;

where is plenty of sunshine and arid conditions (sun drying may suffice);

where the quality of sun dried products already made cannot be improved upon;

where local operators are insufficiently trained;

where the ramifications of introducing a solar dryer have not been completely thought
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out.

5.2.6 Sun/solar drying tray
The drying tray described requires seasoned timber 22.5 mm thick x 50 mm wide.
The drawings that accompany these instructions are in Fig. 5.2.3.

Figure 5.2.3 Sun/solar drying tray

A sun drying tray requires 6 meters of seasoned timber 22.5 mm thick x 50 mm wide.

Cut the timber into lengths of 900 mm long for the sides of the tray and 600 mm long for the
ends - 4 pieces of each length will be needed. The ends of each piece are cut as shown in the
drawing - this is to make flush fitting joints. Join the corners using small brass screws 20 mm
long. To make extra strong joints use good quality wood glue as well as the screws.

The nylon mosquito netting or grass woven mesh can be fitted between the frames as shown
in the bottom drawing. Cut the mesh a little larger than the size of the frame. Using drawing
pins, pin the mesh to the OUTSIDE edges of one of the frames - the mesh should be pulled
tight as the pins are put in around the edges.
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Lay the other frame on top and drill holes about 3 mm in diameter at the points marked X in
the top drawing. Use nails that are a tight fit in the holes and tap gently into place leaving a
portion standing above the frame.

Cut off the standing part to leave a piece about 12 mm long which is then bent over and
tapped firmly down onto the frame. When the frame has been put together tightly, the
drawing pins can be removed.

5.2.7 Dryers

Figures 5.2.4 to 5.2.19 illustrated various types of sun/solar dryers along with examples of
drying and dehydration e quipment.

5.2.8 Preservation by concentration

Foods are concentrated for many of the same reasons that they are dehydrated;
concentration can be a form of preservation but this is true only for some foods.
Concentration reduces weight and volume and results in immediate economic advantages.
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Nearly all liquid foods which are dehydrated are concentrated before they are dried. This is
because in the early stages of water removal, moisture can be more economically removed in
highly efficient evaporators than in dehydration equipment. Further, increased viscosity from
concentration often is needed to prevent liquids from running off drying surfaces or to
facilitate foaming or puffing.

Foods are also concentrated because the concentrated forms have become desirable
components of diet in their own right. Thus, fruit juices plus sugar with concentration
becomes jelly. The more common concentrated fruit and vegetable products include items as
fruit and vegetable juices and nectars, jams and jellies, tomato paste, many types of fruit
pures used by bakers, candy makers and other food manufacturers.

5.2.8.1 Aspects of preservation by concentration

The level of water in virtually all concentrated foods is in itself more than enough to permit
microbial growth. Yet while many concentrated foods such as non-acid fruit and vegetable
pures may quickly undergo microbial spoilage unless additionally processed, such items as
sugar syrups, jellies and jams are relatively "immune' to spoilage; the difference of course is
in what is dissolved in the remaining water and what osmotic concentration is reached.

Figure 5.2.4 Sun drying tent
Figure 5.2.5 Solar tent dryer

D:/cd3wddvd/NoExe/.../meister10.htm 109/204



05/11/2011 Fruit and vegetable processing - Conte...
Figure 5.2.6 Cabinet or tray dryer

Figure 5.2.7 Solar cabinet dryer

Figure 5.2.8 Solar dryer

Figure 5.2.9 Solar dryer in combined mode

Figure 5.2.10 Solar cabinet dryer with separate air heater
Figure 5.2.11 Basic form of flat-plate solar air heater
Figure 5.2.12 End-profile views of flat-plate solar air heater
Figure 5.2.13 Natural convection solar dryer

Figure 5.2.14 Simple sulphuring cell

Cell walls

Trays on a car

Metal plat with burning sulphur
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Figure 5.2.15 Solar wind-ventilated dryer

Figure 5.2.16 Tunnel dryer for fruit and vegetables. Capacity: 6 to 12 cars with 25 or 18 trays

each

Figure 5.2.17 Cabinet/cell dryer for fruit and vegetables. Capacity: 2 to 4 cars with 25 trays
each; 1 tray=1m

Courtesy of U.T.A. Industrie

Figure 5.2.18 Tunnel type dehydration unit - tunnel dryer
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11. Tunnel "evacuating' door: outlet of cars with dry product
12. Cars pushing device
13. Cars with trays
14. Drying trays

Figure 5.2.19 Typical counterflow tunnel dryer construction

Sugar and salt in concentrated solutions have high osmotic pressure. When these are
sufficient to draw water from microbial cells or prevent normal diffusion of water into these
cells, a preservative condition exists.

The critical concentration of sugar in water to prevent microbial growth will vary depending
upon the type of micro-organisms and the presence of other food constituents, but usually
70% sucrose in solution will stop growth of all micro-organisms in foods. Less than this
concentration may be effective but for short periods of time unless the foods contain acid or
they are refrigerated.

Salt becomes a preservative when its concentration is increased and levels of about 18% to
25% in solution generally will prevent all growth of micro-organisms in foods.

Except in the case of certain briny condiments, however, this level is rarely tolerated in
foods.
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Removal of water by concentration also increases the level of food acids in solution

Fruit and vegetable processing - Conte...

(particularly significant in concentrated fruit juices).

5.2.8.2 Reduced weight and volume by concentration

While the preservation effects of food concentration are important, the main reason of most
food concentration is to reduce food weight and bulk. Tomato pulp which is ground tomato

minus the skins and seeds, has a solid content of only 6 % and so a 3.785 litre can would

contain only 231 g of tomato solids (See Table 5.2.6.1).

TABLE 5.2.8.1 Specific gravity and solids. Tomato pulp and commercial tomato concentrates

D:/cd3wddvd/NoExe/.../meister10.htm

Tomato Solids, % Specific gravity |Dry Tomato Solids
at 68F (20C) per Gal. at 68F, |per Litre at 20C,
b g
6.0 Tomato pulp 1.025 0.51 61
10.8 1.045 0.94 113
12.0 Tomato pure 1.050 1.05 126
14.2 1.060 1.25 151
16.5 1.070 1.47 177
25.0 1.107 2.31 277
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26.0 1.112 241 289
28.0 Tomato paste 1.120 2.61 314
30.0 1.129 2.82 339
32.0 1.138 3.03 364

Source: Adapted from National Canners Assoc. (1956)

Concentrated to 32% solids, the same can would contain 1.38 kg of tomato solids or six times
the value of product. For a manufacturer needing tomato solids such a producer of soups,

canned spaghetti or frozen pizza the saving from concentration are enormous in cans,
transportation costs, warehousing costs and handling costs throughout his operation.

5.2.8.3 Methods of concentration

a. Solar concentration. As in food dehydration, one of the simplest methods of evaporating
water is with solar energy. A typical example of this method is production at farm level

in developing countries of fruit pastes/leathers (such as apricot or plum pastes).

b. Open Kettles. Some foods can be satisfactorily concentrated in open kettles that are
heated by steam. This is the case for jellies and jams, tomato juices and pures and for

certain types of soups. High temperatures and long concentration times should be

avoided in order to reduce or eliminate damage. It is also necessary to avoid thickening
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and burn-on of product to the kettle wall as these gradually lower the efficiency of heat
transfer and slow the concentration process.
However, when the process is under control, this type of evaporation is still highly
recommended for small scale operations in developing countries. It is a quite widely used
system, mainly for jellies, jams and marmalades (Fig. 5.2.20).
Figure 5.2.20 Open kettle

c. Flash evaporators.

d. Thin-film Evaporators.

e. Vacuum evaporators. - It is common to construct several vacuumised vessels in series so
that the product moves from one vacuum chamber to the next and thereby becomes
progressively more concentrated in stages.

With such an arrangement the successive stages are maintained at progressively higher
degrees of vacuum, and the hot water vapour produced by the first stage is used to heat
the second stage, the vapour from the second stage heats the third stage and so on. In
this way maximum use of heat energy is made. Such system is called a multiple effect
vacuum evaporator and is illustrated in Fig. 5.2.21; it is a widely used system for
concentrated tomato paste.

Figure 5.2.21 Multiple effect vacuum evaporator

f. Freeze Concentration. This process has been known for many years and has been
applied commercially to orange juice. However, high processing costs due largely to
losses of juice occlude [unclear] to the ice crystals, have limited the number of
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installations to date.
g. Ultrafiltration and reverse Osmosis.

5.2.8.4 Changes from concentration

Obviously concentration that exposes food to 100 C or higher temperatures for prolonged
periods can cause major changes in organoleptic and nutritional properties. Cooked foods and
darkening of colour are two of the more common heat induced results which must be kept
under control during a well designed process with an efficient evaporator which is still ''safe"

Microbial destruction is another type of change that may occur during concentration and will
be largely dependent upon temperature. Concentration at a temperature of 100 C or slightly
above will kill many micro-organisms but cannot be depended on to destroy bacterial spores.
When the food contains acid, such as fruit juices, the kill will be greater but again sterility is
unlikely.

On the other hand, when concentration is done under vacuum many bacterial types not only
survive the low temperatures but multiply in the concentrating equipment. It is therefore
necessary to stop frequently and sanitise low temperature evaporators and where sterile
concentrated foods are required, to resort to an additional preservation treatment.
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5.3 Chemical preservation

Contents - < Previous - Next>

Many chemicals will kill micro-organisms or stop their growth but most of these are not
permitted in foods; chemicals that are permitted as food preservatives are listed in Table
5.3.1. Chemical food preservatives are those substances which are added in very low
quantities (up to 0.2%) and which do not alter the organoleptic and physico-chemical
properties of the foods at or only very little.

Preservation of food products containing chemical food preservatives is usually based on the
combined or synergistic activity of several additives, intrinsic product parameters (e.g.
composition, acidity, water activity) and extrinsic factors (e.g. processing temperature,
storage atmosphere and temperature).

This approach minimises undesirable changes in product properties and reduces
concentration of additives and extent of processing treatments.
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The concept of combinations of preservatives and treatments to preserve foods is frequently
called the hurdle or barrier concept. Combinations of additives and preservatives systems
provide unlimited preservation alternatives for applications in food products to meet
consumer demands for healthy and safe foods.

Chemical food preservatives are applied to foods as direct additives during processing, or
develop by themselves during processes such as fermentation. Certain preservatives have
been used either accidentally or intentionally for centuries, and include sodium chloride
(common salt), sugar, acids, alcohols and components of smoke. In addition to preservation,
these compounds contribute to the quality and identity of the products, and are applied
through processing procedures such as salting, curing, fermentation and smoking.

5.3.1 Traditional chemical food preservatives and their use in fruit and vegetable processing
technologies could be summarised as follows:

5.3.1.1. common salt: brined vegetables;
5.3.1.2. sugars (sucrose, glucose, fructose and syrups):

5.3.1.2.1 foods preserved by high sugar concentrations: jellies, preserves, syrups, juice
concentrates;
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5.3.1.2.2 interaction of sugar with other ingredients or processes such as drying and heating;

5.3.1.2.3 indirect food preservation by sugar in products where fermentation is important
(naturally acidified pickles and sauerkraut).

5.3.2 Acidulants and other preservatives formed in or added to fruit and vegetable products
are as follows:

5.3.2.1 Lactic acid. This acid is the main product of many food fermentations; it is formed by
microbial degradation of sugars in products such as sauerkraut and pickles. The acid
produced in such fermentations decreases the pH to levels unfavourable for growth of
spoilage organisms such as putrefactive anaerobes and butyric-acid-producing bacteria.
Yeasts and moulds that can grow at such pH levels can be controlled by the inclusion of other
preservatives such as sorbate and benzoate.

5.3.2.2 Acetic acid. Acetic acid is a general preservative inhibiting many species of bacteria,
yeasts and to a lesser extent moulds. It is also a product of the lactic-acid fermentation, and
its preservative action even at identical pH levels is greater than that of lactic acid. The main
applications of vinegar (acetic acid) includes products such as pickles, sauces and ke tchup.

5.3.2.3 Other acidulants
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e Malic and tartaric (tartric) acids is used in some countries mainly to acidify and preserve
fruit sugar preserves, jams, jellies, etc.

¢ (Citric acid is the main acid found naturally in citrus fruits; it is widely used (in
carbonated beverages) and as an acidifying agent of foods because of its unique flavour
properties. It has an unlimited acceptable daily intake and is highly soluble in water. It is
a less effective antimicrobial agent than other acids.

e Ascorbic acid or vitamin C, its isomer isoascorbic or erythorbic acid and their salts are
highly soluble in water and safe to use in foods.

5.3.3 Commonly used lipophilic acid food preservatives

5.3.3.1 Benzoic acid in the form of its sodium salt, constitutes one of the most common
chemical food preservative. Sodium benzoate is a common preservative in acid or acidified
foods such as fruit juices, syrups, jams and jellies, sauerkraut, pickles, preserves, fruit
cocktails, etc. Yeasts are inhibited by benzoate to a greater extent than are moulds and
bacteria.

5.3.3.2 Sorbic acid is generally considered non toxic and is metabolised; among other common
food preservatives the WHO has set the highest acceptable daily intake (25 mg/kg body
weight) for sorbic acid.
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Sorbic acid and its salts are practically tasteless and odourless in foods, when used at
reasonable levels (< 0.3 %) and their antimicrobial activity is generally adequate.

Sorbates are used for mould and yeast inhibition in a variety of foods including fruits and
vegetables, fruit juices, pickles, sauerkraut, syrups, jellies, jams, preserves, high moisture
dehydrated fruits, etc.

Potassium sorbate, a white, fluffy powder, is very soluble in water (over 50%) and when
added to acid foods it is hydrolysed to the acid form. Sodium and calcium sorbates also have
preservative activities but their application is limited compared to that for the potassium salt,
which is employed because of its stability, general ease of preparation and water solubility.

5.3.4 Gaseous chemical food preservatives

5.3.4.1 Sulphur dioxide and sulphites. Sulphur dioxide (SO2) has been used for many centuries
as a fumigant and especially as a wine preservative. It is a colourless, suffocating, punge nt-
smelling, non-flammable gas and is very soluble in cold water (85 g in 100 ml at 25C).

Sulphur dioxide and its various sulphites dissolve in water, and at low pH levels yield
sulphurous acid, bisulphite and sulphite ions. The various sulphite salts contain 50-68% active
sulphur dioxide. A pH dependent equilibrium is formed in water and the proportion of SO2
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ions increases with decreasing pH values. At pH values less than 4.0 the antimicrobial activity
reaches its maximum.

Sulphur dioxide is used as a gas or in the form of its sulphite, bisulphite and metabisulphite
salts which are powders. The gaseous form is produced either by burning Sulphur or by its
release from the compressed liquefied form.

Metabisulphite are more stable to oxidation than bisulphites, which in turn show greater
stability than sulphites.

The antimicrobial action of sulphur dioxide against yeasts, moulds and bacteria is selective,
with some species being more resistant than others.

Sulphur dioxide and sulphites are used in the preservation of a variety of food products. In
addition to wines these include dehydrated/dried fruits and vegetables, fruit juices, acid
pickles, syrups, semi-processed fruit products, etc. In addition to its antimicrobial effects,
sulphur dioxide is added to foods for its antioxidant and reducing properties, and to prevent
enzymatic and non-enzymatic browning reactions.

5.3.4.2 Carbon dioxide (CO2) is a colourless, odourless, non-combustible gas, acidic in odour
and flavour. In commercial practice it is sold as a liquid under pressure (58 kg per cm) or
solidified as dry ice.
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Carbon dioxide is used as a solid (dry ice) in many countries as a means of low-temperature
storage and transportation of food products. Beside keeping the temperature low, as it
sublimes, the gaseous CO2 inhibits growth of psychrotrophic micro-organisms and prevents
spoilage of the food (fruits and vegetables, etc.).

Carbon dioxide is used as a direct additive in the storage of fruits and vegetables. In the
controlled/ modified environment storage of fruit and vegetables, the correct combination of
02 and CO2 delays respiration and ripening as well as retarding mould and yeast growth.

The final result is an extended storage of the products for transportation and for consumption
during the off-season. The amount of CO2 (5-10%) is determined by factors such as nature
of product, variety, climate and extent of storage.

4.3.4.3 Chlorine. The various forms of chlorine constitute the most widely used chemical
sanitiser in the food industry. These chlorine forms include chlorine (CI2), sodium
hypochlorite (NaOCl), calcium hypochlorite (Ca(OCl)2) and chlorine dioxide gas (C102).

These compounds are used as water adjuncts in processes such as product washing,
transport, and cooling of heat-sterilised cans; in sanitising solutions for equipment surfaces,
etc.

Important applications of chlorine and its compounds include disinfection of drinking water
and sanitation of food processing equipment.
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5.3.5 General rules for chemical preservation

5.3.5.1 Chemical food preservatives have to be used only at a dosage level which is needed
for a normal preservation and not more.

5.3.5.2 "Reconditioning' of chemical preserved food, e.g. a new addition of preservative in
order to stop a microbiological deterioration already occurred is not recommended.

5.3.5.3 The use of chemical preservatives MUST be strictly limited to those substances which
are recognised as being without harmful effects on human beings' health and are accepted by
national and international standards and legislation.

5.3.6 Factors which determine/ influence the action of chemical food preservatives
5.3.6.1 Factors related to the chemical preservatives:
a. chemical composition;

b. concentration.
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5.3.6.2 Factors related to micro-organisms:

a) micro-organism species; as a general rule it is possible to take the following facts as a
basis:

¢ sulphur dioxide and its derivatives can be considered as an "universal' preservative;
they have an antiseptic action on bacteria as well as on yeasts and moulds;

¢ benzoic acid and its derivatives have a preservative action which is stronger against
bacteria than on yeasts and moulds;

¢ sorbic acid acts on moulds and certain yeast species; in higher dosage levels it acts also
on bacteria, except lactic and acetic ones;

e formic acid is more active against yeasts and moulds and less on bacteria.

b) the initial number of micro-organisms in the treated product determines the efficiency of
the chemical preservative.

The efficiency is less if the product has been contaminated because of preliminary careless
hygienic treatment or an incipient alteration. Therefore, with a low initial number of micro-
organisms in the product, the preservative dosage level could be reduced.

5.3.6.3 Specific factors related to the product to be preserved:

a. product chemical composition;
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b. influence of the pH value of the product: the efficiency of the majority of chemical
preservatives is higher at lower pH values, i.e. when the medium is more acidic.

Fruit and vegetable processing - Conte...

c. physical presentation and size which the product is sliced to: the chemical preservative's
dispersion in food has an impact on its absorption and diffusion through cell membranes
on micro-organisms and this determines the preservation effect.

Therefore, the smaller the slicing of the product, the higher the preservative action.
Preservative dispersion is slowed down by viscous foods (concentrated fruit juices, etc.)

5.3.6.4 Miscellaneous factors

a. Temperature: chemical preservative dosage level will be established as a function of
product temperature and characteristics of the micro-flora;

b. Time: at preservative dosage levels in employed in industrial practice, the time period
needed in order to obtain a "chemical sterilisation" is a few weeks for benzoic acid and
shorter for sulphurous acid.

Usual accepted chemical food preservatives are detailed in Table 5.3.1.

TABLE 5.3.1 Chemical Food Preservatives

Agent
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Commonly used levels
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intake (mg/Kgbody (%)

Lactic acid NG Fmit No limit
Citric acid No limit No limit
Acetic acid No limit No limit
Sodium Diacetate 15 0.3-0.5
Sodium benzoate 5 0.03-0.2
Sodium propionate 10 0.1-0.3
Potassium sorbate 25 0.05-0.2
Methyl paraben 10 0.05-0.1
Sodium nitrite 0.2 0.01-0.02
Sulphur dioxide 0.7 0.005-0.2

Source: FDA, 1991

For the purpose of this document, some food products in common usage are summarised as
follows:

Citric acid: fruit juices; jams; other sugar preserves;

Acetic acid: vegetable pickles; other vegetable products;
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Sodium benzoate: vegetable pickles; preserves; jams; jellies; semi-processed products;

Sodium propionate: fruits; vegetables;
Potassium sorbate: fruits; vegetables; pickled products; jams, jellies;
Methyl paraben: fruit products; pickles; preserves;

Sulphur dioxide: fruit juices; dried / dehydrated fruits and vegetables; semi-processed
products.

5.4 Preservation of vegetables by acidification

Food acidification is a means of preventing their deterioration in so far as a non-favourable
me dium for micro-organisms development is created. This acidification can be obtained by
two ways: natural acidification and artificial acidification.

5.4.1 Natural acidification.

This is achieved by a predominant lactic fermentation which assures the preservation based
on acidoceno-anabiosys principle; preservation by lactic fermentation is called also
biochemical preservation.
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Throughout recorded history food has been preserved by fermentation. In spite of the
introduction of modern preservation methods, lactic acid fermented vegetables still enjoy a
great popularity, mainly because of their nutritional and gastronomic qualities.

The various preservation methods discussed thus far, based on the application of heat,
removal of water, cold and other principles, all have the common objective of decreasing the
number of living organisms in foods or at least holding them in check against further
multiplication.

Fermentation processes for preservation purposes, in contrast, encourage the multiplication
of micro-organisms and their metabolic activities in foods. But the organisms that are
encouraged are from a select group and their metabolic activities and end products are highly
desirable. The extent of this desirability is emphasised by a partial list of fermented fruits and
vegetable products from various parts of the world in Table 5.4.1.

There are some characteristic features in the production of fermented vegetables which will
be pointed out below using cucumbers as an example. In the production of lactic acid
fermented cucumbers, the raw material is put into a brine without previous heating. Through
the effect of salt and oxygen deficiency the cucumber tissues gradually die. At the same time,
the semi-permeability of the cell membranes is lost, whereby soluble cell components diffuse
into the brine and serve as food substrate for the micro-organisms.

Under such specific conditions of the brine the lactic acid bacteria succeed in overcoming the
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accompanying micro-organisms and lactic acid as the main metabolic products is formed.
Under favourable conditions (for example moderate salt in the brine, use of starter cultures)
it takes at least 3 days until the critical pH value of 4.1 or less - desired for microbiological
reasons - is reached.

Beside the typical taste, for the consumer a crisp texture is the most important quality
criterion for fermented vegetables. Fig. 5.4.1 shows the factors which can influence the
texture, where the enzymes are particularly important.

Because there is no heating step before the fermentation, the indigenous plant enzymes in
the fermenting materials are still present during the very first phase. After the destruction of
the cell membranes they easily get to their active sites and under favourable conditions they
can easily cause softening.

The environmental conditions act in a different manner on single enzymes or enzymes
systems: some enzymes are strongly inhibited by salt, others are activated, and in the acid
pH-region many enzymes are irreversibly inactivated. Beside indigenous enzymes also
enzymes produced by micro-organisms can be responsible for the undesired soft products.

Figure 5.4.6 Factors influencing the texture of fermented vegetables (Source: P. Meurer,

1992).

In technically advanced societies the major importance of fermented foods has come to be
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variety they add to the diet. However, in many less developed areas of the world,
fermentation and natural drying are the major food preservation methods and as such are
vital to survival of a large proportion of the world's current population.

5.4.2 Artificial acidification is carried out by adding acetic acid which is the only organic acid
harmless for human health and stable in spe cific working conditions; in this case biological
principles of the preservation are acidoanabiosys and, to a lesser extent, acidoabiosys.

5.4.3 Combined acidification is a preservation technology which involves as a preliminary
processing step a weak lactic fermentation followed by acidification (vinegar addition).

The two main classes of vegetables preserved by acidification are sauerkraut and pickles;
the definitions of these products adapted from US Code of Federal Register (7 CFR 52, 1991)
are as follows.

Bulk sauerkraut. Bulk or barrelled sauerkraut is the product of characteristic acid flavour,
obtained by the full fermentation, chiefly lactic, of properly prepared and shredded cabbage
in the presence of 2-3% salt. On completion of fermentation, it contains not more than 1.5%
of acid, expressed as lactic acid.

Canned sauerkraut. Canned (or packaged) sauerkraut, is prepared from clean, sound, well-
matured heads of the cabbage plant (Brassica oleracea var. capitata L.) which have been
properly trimmed and cut; to which salt is added and which is cured by natural fermentation.
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The product may or may not be packed with pickled peppers, pimientos, or tomatoes or
contain other flavouring ingredients to give the product specific flavour characteristics. The
product

a) may be canned by processing sufficiently by heat to assure preservation in hermetically
sealed containers; or

b) may be packaged in sealed containers and preserved with or without the addition of
benzoate of soda or any other ingredient permissible under the provisions of Food and Drug
Administration (FDA).

Pickles. "Pickles" means the product prepared entirely or predominantly from cucumbers
(Cucumis sativus L.). Clean, sound ingredients are used which may or may not have been
previously subjected to fermentation and curing in a salt brine (solution of sodium chloride,
NaCl).

The prepared pickles are packed in a vinegar solution to which may be added salt and other
vegetables, nutritive sweeteners, seasonings, flavourings, spices, and other ingredients
permissible under FDA regulations. The product is packed in suitable containers and heat
treated, or otherwise processed to assure preservation.

Sauerkraut and pickle products can be preserved under the effect of natural or added acidity,
followed by pasteurization when this acidification is not sufficient.
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Sauerkraut is a very good source of vitamin C; the importance of this product should be
emphasised in developing countries as a simple technology which can be applied mainly for
consumption of the finished products in remote, isolated areas during the cold season. It is
also a excellent technology to be learned to schools which have their own source of cabbage
and cucumbers through school agricultural farms.

Sauerkraut and pickles are manufactured on an industrial scale in significant quantities
world-wide. However, the basic technology is simple and could be applied at home, farm and
community level after some explanation and training. The natural acidification preservation
could be considered similar to sun/solar drying in terms of training and development.

TABLE 5.4.1 Some industrial fermentation processes in food industries

I. Lactic acid bacteria

- cucumbers dill pickles, sour pickles
- cabbage sauerkraut

- turnips sauerruben

- lettuce lettuce kraut

- mixed vegetables, turnips,
radish, cabbage

- mixed Chinese vegetables,
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cabbage Kimchi

- vegetables and milk Tarhana

- vegetables and rice Sajur asin

II. Lactic acid bacteria with other

micro-organisms

- with yeasts Nukamiso pickles
- with moulds tempeh, soy sauce

III. Acetic acid bacteria - wine,
cider or any alcoholic and sugary
or starchy products may be
converted to vinegar

IV. Yeasts

- fruit

wine, vermouth

Source: Pederson (1)
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5.5 Preservation with sugar

Contents - < Previous - Next>

The principle of this technology is to add sugar in a quantity that is necessary to augment the
osmotic pressure of the product's liquid phase at a level which will prevent microorganism
development.

From a practical point of view, however, it is usual to partially remove water (by boiling)
from the product to be preserved, with the objective of obtaining a higher sugar
concentration. In concentrations of 60% in the finished products, the sugar generally assures
food preservation.

It is important to know the ratio between the total sugar quantity in the finished product and
the total sugar concentration in the liquid phase because this determines, in practice, the
sugar preserving action. The percent composition of a product preserved with sugar, for
example marmalade, can be expressed as follows: [i+S +s +n+w] =100;

i = insoluble substance;
s = sugar from fruits;
S = added sucrose;
n = soluble '""non sugar"
w = water.
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In this case, total sugar concentration, in the liquid phase, of the finished product is:

X=100(S+s)/100 - (n+1) [%]

Therefore, in the case of a standard marmalade with 55 % sugar added (calculated on the
finished product basis), the real concentration in the liquid phase is for example:

X=100(55+8)/100-(5+3)=68.5%

In the food preservation with sugar, the water activity cannot be reduced below 0.845; this
value is sufficient for bacteria and neosmophile yeast inhibition but does not prevent mould
attack. For this reason, various means are used to avoid mould development:

¢ finished product pasteurization (jams, jellies, etc.);
¢ use of chemical preservatives in order to obtain the antiseptisation of the product
surface.

It is very important from a practical point of view to avoid any product contamination after
boiling and to assure an hygienic operation of the whole technological process (this will
contribute to the prevention of product moulding or fermentation). Storage of the finished
products in good conditions can only be achieved by ensuring the above level of water
activity.
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5.6 Heat preservation/heat processing

5.6.1 Various degrees of preservation

There are various degrees of preservation by heating; a few terms have to be identified and
understood.

a. Sterilisation. By sterilisation we mean complete destruction of micro-organisms. Because
of the resistance of certain bacterial spores to heat, this frequently means a treatment
of at least 121 C (250 F) of wet heat for 15 minutes or its equivalent. It also means that
every particle of the food must receive this heat treatment. If a can of food is to be
sterilised, then immersing it into a 121 C pressure cooker or retort for the 15 minutes
will not be sufficient because of relatively slow rate of heat transfer through the food in
the can to the most distant point.

b. "Commercially sterile". Term describes the condition that exists in most of canned or
bottled products manufactured under Good Manufacturing Practices procedures and
methods; these products generally have a shelf-life of two years or more.

c. Pasteurized means a comparatively low order of heat treatment, generally at a
temperature below the boiling point of water. The more general objective of
pasteurization is to extend product shelf-life from a microbial and enzymatic point of
view; this is the objective when fruit or vegetable juices and certain other foods are
pasteurized.
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Pasteurization is frequently combined with another means of preservation -
concentration, chemical, acidification, etc.
d. Blanching is a type of pasteurization usually applied to vegetables mainly to inactivate
natural food enzymes. Depending on its severity, blanching will also destroy some
microorganisms.

5.6.2 Determining heat treatment/thermal processing steps

Since heat sufficient to destroy micro-organisms and food enzymes also usually has adverse
effects on other properties of foods, in practice the minimum possible heat treatment should
be used which can guarantee freedom from pathogens and toxins and give the desired storage
life; these aims will determine the choice of heat treatment.

In order to safely preserve foods using heat treatment, the following must be known:

a) what time-temperature combination is required to inactivate the most heat resistant
pathogens and spoilage organisms in one particular food?

b) what are the heat penetration characteristics in one particular food, including the can or
container of choice if it is packaged?
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Preservation processes must provide the heat treatment which will ensure that the remotest

particle of food in a batch or within a container will reach a sufficient temperature, for a

sufficient time, to inactivate both the most resistant pathogen and the most resistant spoilage

organisms if it is to achieve sterility or "commercial sterility", and to inactivate the most
heat resistant pathogen if pasteurization for public health purposes is the goal.

Different foods will support growth of different pathogens and different spoilage organisms
so the target will vary depending upon the food to be heated.

Food acidity/pH value has a tremendous impact on the target in heat preservation/

processing. Table 5.6.1 lists various types of fruit and vegetables and their pH value, together
with the heat processing requirements.

TABLE 5.6.1 Heat processing requirements - dependence on product acidity
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Acidity class pH Food item Heat and processing
value requirements
Low acid 6.0 Peas, carrots, High temperature
beets, potatoes, processing 116-121C
asparagus (240-250F)
5.0 Tomato soup
Medium acid 4.5 Tomatoes, pears, |Boiling water processing
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apricots, peaches |100C (212F)

Acid

3.7 Sauerkraut, apple,

High acid

3.0 Pickles

Source: Desrosier and Desrosier (1977)

5.6.3 Sequence of operations employed in heat preservation of foods (fruit and vegetables,

etc.)

In a simplified manner, the main operations employed in heat preservation can be described

as follows:

Food preparation:

Preparation procedures will vary with the type of food. For
fruit, washing, sorting, grading, peeling, cutting to size, pre-
cooking and pulping operations may be employed.

Can/receptacle

This may be carried out manually or by using sophisticated
filling machinery. The ratio of liquid to solid in the can must be
carefully controlled and the can must not be overfilled. A
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headspace of 6-9 mm depth (6-8% of the container volume)
L

Vacuum production

This can be achieved by ﬁlllng the heated product into the can,
by heating the can and contents after filling, by evacuating the
headspace gas in a vacuum chamber, or by injecting superheated
steam into the headspace. In each case the can end is seamed on
immediately afterwards.

Thermal processing

The filled sealed can must be heated to a high temperature for a
sufficient length of time to ensure the destruction of spoilage
micro-organisms. This is usually carried out in an autoclave or
retort, in an environment of steam under pressure.

Cooling

The processed cans must be cooled in chlorinated water to a
temperature of 37C. At this temperature the heat remaining is
sufficient to allow the water droplets on the can to evaporate
before labelling and packing.

Labelling and packing

Labels are applied to the can body, and the cans are then packed
into cases.

In principle, all these operations can also be carried out at the farm/community level using

the appropriate small scale equipment, preferably only glass jars (e.g. no metal cans).
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5.6.4 Technological principles of pasteurization

5.6.4.1 Physical and chemical factors which influence pasteurization process are the
following:

a. temperature and time;
b. acidity of the products;
. air remaining in containers.

5.6.4.2 Pasteurization processes. In pasteurising certain acid juices for example, there are
two categories of processes:

a) Low pasteurization where pasteurization time is in the order of minutes and related to the
temperature used; two typical temperature/time combinations are as following:

63 C to 65 C over 30 minutes or
75 C over 8 to 10 minutes.

Pasteurization temperature and time will vary according to:

¢ nature of product; initial degree of contamination;
¢ pasteurized product storage conditions and shelf life required.
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In this first category of pasteurization processes it is possible to define three phases:

¢ heating to a fixed temperature;
¢ maintaining this temperature over the established time period (= pasteurization time);
¢ cooling the pasteurized products: natural (slow) or forced cooling.

b) Rapid, high or flash pasteurization is characterized by a pasteurization time in the order of
seconds and temperatures of about 85 to 90 C or more, depending on holding time. Typical
temperature/time combinations are as follows:

88 C (190 F) for 1 minute;
100 C for 12 seconds;
121C for 2 seconds.

While bacterial destruction is very nearly equivalent in low and in high pasteurization
processes, the 121 C/2 seconds treatment give the best quality products in respect of flavour
and vitamin retention. Such short holding times, however, require special equipment which is
more difficult to design and generally is more expensive than the 63-65 C/30 minutes type of
processing equipment.

In flash pasteurization the product is heated up rapidly to pasteurization temperature,

maintained at this temperature for the required time, then rapidly cooled down to the

temperature for filling, which will be performed in aseptic conditions in sterile receptacles.
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Taking into account the short time and rapid performance of this operation, flash
pasteurization can only be achieved in continuous process, using heat exchangers.

Industrial applications of pasteurization process are mainly used as a means of preservation
for fruits and vegetable juices and specially for tomato juice.

5.6.4.3 Thermopenetration. The thermopenetration problem is extremely important,
especially in the case of the pasteurization of products packed in glass containers because it
is the determining factor for the success of the whole operation.

During pasteurization it is necessary that a sufficient heat quantity is transferred through the
receptacle walls; this is in order that the product temperature rises sufficiently to be lethal to
micro-organisms throughout the product mass.

The most suitable and practical method to speed up thermopenetration is the movement of
receptacles during the pasteurization process. Rapid rotation of receptacles around their axis
is an efficient means to accelerate heat transfer, because this has the effect, among others of
rapidly mixing the contents.

The critical speed of for this movement is generally about 70 rotations per minute (RPM).
This enables a more uniform heating of products, reducing heating time and organoleptic
degradation.
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5.6.4.4 Heating may precede or follow packaging. These principles of different temperature
time combinations very largely determine the design parameters for heat preservation
equipment and commercial practices.

The food processor will employ no less than that heat treatment which gives the necessary
degree of micro-organism destruction. This is further ensured by periodic inspection by local
sanitary authorities or by the importing countries sanitary services. However, the food
processor also will want to use the mildest effective heat treatment to ensure highest food
quality.

It is convenient to separate heat preservation practices into two broad categories: one
involves heating of foods in their final containers, the other employs heat prior to packaging.

The latter category includes methods that are inherently less damaging to food quality,
where the food can be readily subdivided (such as liquids) for rapid heat exchange. However,
these methods then require packaging under aseptic or nearly aseptic conditions to prevent
or at least minimise recontamination.

On the other hand, heating within the package frequently is less costly and produces quite
acceptable quality with the majority of foods and most of our present canned food supply is
heated in the package.

In practice, therefore, most of the canned food produced locally in developing countries
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should be heated within the package.

Fig. 5.6.1 (see Figure 5.6.1 Simplified and illustrated flow-sheet of the operation cycle for
fruit and vegetables heat preservation) shows a simplified and illustrated flow-sheet of the

operation cycle for fruit and vegetable heat preservation. Fig. 5.6.2 (see Figure 5.6.2
Illustration of technological steps for preservation of fruits in glass jars: Peaches and Figure
5.6.2 (continued)) is an illustration of technological steps for preservation of fruits in glass
jars.

5.7 Food irradiation
5.7.1 Introduction

Food irradiation is one of the food processing technologies available to the food industry to
control organisms that cause food-borne diseases and to reduce food losses due to spoilage
and deterioration. Food irradiation technology offers some advantages over conventional
processes. Each application should be evaluated on its own merit as to whether irradiation
provides a technical and economical solution that is better than traditional processing

me thods.

TABLE 5.6.2 Possible causes of spoilage (real or apparent) in canned goods
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EaRIdRYt:aR'd and high acid Taogs [pg Bett il lo identify cause

Insufficient vacuum or headspace

Check vacuum and headspace in relation to storage
temperature and altitude

"Springer" or "flipper"

Cool can to 15C and check if still domed. Check can
for denting, if possible measure headspace volume
change brought about by dents, by comparing can
volume with volume of a sound can

Hydrogen swell

Check degree of detinning in can especially at the
liquid level. Look for scratches or pinholes in
lacquer or tin coating. Check if can is still domed on
cooling to 15C.

"Hard" or "soft swell"

Leaker spoilage. Check can for gross seam faults,
perforation due to corrosion or damage to seams.
Examine contents for signs of spoilage and can
interior for detinning at air/product interface.

Source: FAO/WFP, 1970

5.7.2 Applications

For products where irradiation is permitted, commercial applications depend on a number of
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factors including the demand for the benefits provided, competitiveness with alternative
processes and the willingness of consumers to buy irradiated food products. There are a
number of applications of food irradiation. For each application it is important to determine
the optimum dosage range required to achieve the desired effect. Too high a dosage can
produce undesirable changes in texture, colour and taste of foods.

Shelf-life extension. Irradiation can extend the shelf-life of foods in a number of ways. By
reducing the number of spoilage organisms (bacteria, mould, fungi), irradiation can lengthen
the shelf life of fruits and vegetables.

Since ionising radiation interferes with cell division, it can be used as an alternative to
chemicals to inhibit sprouting and thereby extend the shelf life of potatoes, onions and garlic.
Exposure of fruits and vegetables to ionising radiation slows their rate of ripening.
Strawberries, for example, have been found to be suitable for irradiation. Their shelf-life can
be extended three-fold, from S to 15 days.

Disinfestation. Ionising radiation can also be used as an alternative to chemical fumigants for
disinfestation of grains, spices, fruits and vegetables. Many countries prohibit the importation
of products suspected of being contaminated with live insects to protect the importing
country's agricultural base. With the banning of certain chemical fumigants, irradiation has
the potential to facilitate the international shipment of food products.
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5.7.3 Global developments

Consensus on wholesomeness.

In 1980, an FAD/TAEA/WHO Expert Committee reviewed in detail all the accumulated data
on food irradiation from the past 40 years.

The Expert Committee concluded that irradiation to an overall dose of 10 kGy (kilograys)
presents no toxicological hazard and introduces no special nutritional or microbiological
problems, thus establishing the wholesomeness of irradiated foods up to an overall average
absorbed dose of 10 kGy.

Data were insufficient to formulate conclusions on applications of food irradiation above 10
kGy. Data on radiation chemistry, nutritional and microbiological aspects of food treated
above 10 kGy is currently being compiled.

In 1983, the Codex Alimentarius Commission, an international group that develops global
food standards for the FAO and the WHO, incorporated the 1980 Expert Committee's
conclusions regarding the wholesomeness of irradiated foods into the Codex General
Standard for Irradiated Foods. This proposed international standard was submitted to
member countries to accept or to modify according to individual country needs. Currently
most countries that allow food irradiation approve its use on a case-by-case basis.
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The Codex Alimentarius Commission has also adopted a Recommended International Code of
Practice for the Operation of Radiation Facilities for the Treatment of Foods. It is intended
to serve as a guide for irradiator operators and government regulators.

International Trade.

More than 30 countries have given clearances for the use of food irradiation to process some
40 food items and approximately 30 facilities world-wide treat food by irradiation processing.
Approvals for additional items are being considered in many countries and many food
irradiation facilities are being planned. It was anticipated in 1988 that by 1990 there could be
approximately 50 commercial/demonstration irradiators in 25 countries.

Table 5.7.1 shows commercial applications of food irradiation to fruits and vegetables by
country.

TABLE 5.7.1 International commercial applications of radiation for fruit and vegetables

Country Location (application date) |[Food Commodity

Argentina Buenos Aires (1986) Spinach

Belgium Fleurus (1981) Dehydrated vegetables

Brazil Sao Paulo (1985) Dehydrated vegetables

Chile Santiago (1983) Dehydrated vegetables onions, potatoes
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China Shanghai (1985 Potatoes

Cuba Havana (1987) Potatoes, onions

German Dem. Rep Weideroda (1983) Onions, garlic
Spickendorf (1986) Onions

Japan Hokkaido (1973) Potatoes

Korea Seoul (1985 Garlic powder

Netherlands Ede (1978) Dehydrated vegetables

South Africa Johannesburg (1981) Dehydrated vegetables
Tzaneen (1981) Fruits, onions, potatoes

Thailand Bangkok (1971) Onions

Source: International Atomic Energy Agency (1989)
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Chapter 6 Auxiliary raw materials

Contents - < Previous - Next>

Auxiliary raw materials used in fruit and vegetable processing technologies play a major role
in the determination of their physical and chemical characteristics, sensory properties and
nutritive value.

6.1 Water

Water is one of the essential factors in the activity of the processing centres; according to
the final utilisation, water can be classified in three categories:

a. for technological utilisation (when it comes into direct contact with raw materials and
enters in the finished product's composition),

b. for steam generators and

c. for receptacle cooling, washing of equipment and general hygiene.

6.1.1 Water for technological uses
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Water coming into direct contact with the raw materials used for processing (washing,
blanching, etc.) or that used as filling liquid of some canned products, must be of drinking
water quality in terms of its physico-chemical and microbiological conditions.

More important even than fulfilling drinking water standards, water used for these purposes
pests certain specific characteristics related to the technological step or the raw material
treated during the processing.

When very hard water is used for blanching vegetables some pecto-calcium and
pectomagnesium complexes are formed which starts the hardening of vegetable tissues. This
process continues over the pasteurization of the finished product.

When fruit is processed in sugar syrup, the use of hard water for the syrup preparation could
induce the formation of a pectin-sugar-acid gel facilitated by the medium pH and presence of
calcium salts.

Soft water has negative consequences associated with mineral and hydrosoluble substances
and losses during blanching of vegetables.

For some specific products such as peeled tomatoes, green beans and fine texture fruit, the
addition of calcium salts (chlorure, sulphate, etc.) is employed to correct for low texture.

The water hardness is an essential factor when used as filling liquid for canned products;
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ideally, the hardness of the water should be adapted to the raw material species used for
canning.

Thus a hardness of 3 is good for beans, 5 to 9 for green peas, green beans, and for fruit and
vegetables with a tendency to disintegrate should use even harder water.

In the technological process of cucumber and gherkin preservation by natural acidification
(lactic fermentation), water hardness has a paramount role. The literature maintains that as
far as texture is concerned, the best results are obtained by using very hard water (about
30); but since high magnesium and salt content has a negative effect on taste, in practice it is
recommended that a water hardness of about 10 be used, which gives satisfactory results
from both points of view.

Oxygen present in water can act as a corrosion factor in metal receptacles but this negative
influence can be eliminated by preliminary boiling.

An important factor is pH. Water for canning must be neutral or slightly basic. Acid water
plays a major role in corrosion which is evident both on receptacles and on iron or copper
equipment, where changes of product colour will be induced. More dangerous is the attack on
lead pipes or to the mix used for can sticking and this can render the product toxic. For these
reasons an acid water must be neutralised before use.
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6.1.2 Water for steam generators.

Two main conditions must be fulfilled:

¢ hardness has to be as low as possible, even zero, because precipitation of calcium salts
can lead to the formation of encrustations (''crusts'') in pipes and on e quipment walls.
For this reason, water treatment is practiced in the majority of installations;

¢ from a bacteriological point of view, the iron-bacteria must be eliminated with biological
filters or oxidising substances. This is necessary in order to avoid iron hydroxide formed
during equipment exploitation to deposit on the inner walls of the pipes.

The elimination of iron-bacteria is also of importance for the water used in processing steps.

6.1.3 Water for receptacle cooling and general hygiene.
This should be of drinking water standard.

Where this is not available in sufficient quantity, the use of industrial water is acceptable but
only for cleaning of production rooms/workshops.

6.2 Sweeteners
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6.2.1 Sugar

Sugar is the conventional name applied to sucrose. Physically there is icing, granulated and
lump sugar. In fruit and vegetable processing, sugar is used only in its granulated form; this
quality must be in the form of uniform crystals, white, shining and completely soluble in
water.

Concentration of various sugar solutions can be rapidly measured by refractometer reading
or with areometers graduated in various ways: Brix, Baum, etc. The correspondence between
these measuring units and quantity of water by volume unit is indicated in Table 6.2.1.

Sugar solubility in water is dependent upon temperature; for example, in order to obtain a
saturated solution, one must dissolve 2040 g in one litre of water at 20 C and 4870 g at 100 C.
Taking into account this temperature related solubility, in practice the majority of sugar
solutions are prepared by heating the water. Water should be as soft as possible because the
calcium salts can precipitate on boiling.

6.2.2 Corn syrup (liquid glucose)

Corn syrup is obtained industrially by acid or enzymatic starch hydrolysis, using as starting
raw materials maize (corn) or potatoes. In fruit processing, mainly in the production of
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marmalades, it is possible to use corn syrup. The average composition of this corn syrup is of
about 32-40% dextrose (glucose), about 40% dextrins and 18-20% moisture. Sweetening
power is 50% compared with sucrose.

In a 10%-20% proportion with sucrose, addition of corn syrup has certain advantages:

a. it improves the shine and texture of marmalade;
b. it prevents "sugaring' defect and
c. it reduces the too sweet taste of finished products obtained with sugar alone.

6.3 Salt

Salt is used in order to give to the finished products a specifically salty taste and as a
preserving substance. From a chemical point of view the term salt means sodium chloride but
in practice the product is never in a pure state. The presence of a significant quantity of
magnesium chloride increases the hygroscopicity, gives a bitter taste and can induce
corrosion of receptacles.

TABLE 6.2.1 Physical characteristics of sugar solutions

Specific deg.B Sugar in solution Boiling
weight deg.Bx Hgll temperature C
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( )

1.144 18.5 Wrooek, 101.1
1.149 19.0 34 391 101

1.154 19.6 35 404 101.2
1.159 20.1 36 417 101.3
1.164 20.7 37 430 101.3
1.169 21.2 38 444 101.4
1.174 21.8 39 457 101.4
1.179 22.3 40 470 101.5
1.185 22.9 41 486 101.5
1.190 234 42 500 101.6
1.195 23.9 43 513 101.6
1.200 24.5 44 527 101.7
1.206 25.0 45 543 101.7
1.211 25.6 46 557 101.8
1.216 26.1 47 571 101.8
1.222 26.6 48 586 101.9
1.227 27.2 49 600 101.9
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1.233 27.7 50 616 102.0
1.238 28.2 51 630 102.1
1.244 28.8 52 646 102.2
1.249 29.3 53 660 102.3
1.255 29.8 54 677 102.4
1.261 30.4 55 693 102.5
1.267 30.9 56 709 102.6
1.272 31.4 57 723 102.7
1.278 31.9 58 740 102.8
1.284 32.5 59 757 102.9
1.290 33.0 60 774 103.0
1.296 33.5 61 790 103.2
1.302 34.0 62 807 103.5
1.308 34.5 63 824 103.7
1.314 35.1 64 840 103.9
1.320 35.6 65 857 104.2
1.326 36.1 66 874 104.6
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1.332 36.6 67 891 105.0
1.338 37.1 68 909 105.5
1.345 37.6 69 928 106.0
1.351 38.1 70 945 106.5
1.357 38.6 71 962 106.8
1.364 39.1 72 981 107.1
1.370 39.6 73 999 107.4
1376 40.1 74 1017 107.8
1.383 40.6 75 1037 108.2
1.389 41.1 76 1058 109.0
1.396 41.6 77 1076 110.0
1.402 42.1 78 1094 111.0
1.409 42.6 79 1113 112.0
1.414 43.1 80 1133 113.0

From a microbiological point of view, salt it is not a sterile product but on the contrary
contains various micro-organisms, mainly halophil bacteria.

Salt solubility is only slightly influenced by temperature (0.360 kg/1 at 20 C and 0.390 kg/1 at
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100 C). Correspondence between specific weight and salt content of salt solutions at 15 C is
shown in Table 6.2.2.

TABLE 6.2.2 Physical characteristics of salt solutions

deg.B Specific NaCl content
weight g/100g g/l
1 1.007 1 10
2 1.014 2 20
3 1.022 3 30
4 1.029 4 41
5 1.037 5 52
6 1.045 6 63
7 1.052 7 74
8 1.060 8 85
9 1.067 9 96
10 1.075 10 107
11 1.083 11 119
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12 1.091 12 131
13 1.100 13 143
14 1.108 14.2 158
15 1.116 15.5 173
16 1.125 16.7 188
17 1.134 18.0 204
18 1.142 19.0 217
19 1.152 20.0 230
20 1.162 21.2 246
21 1.171 224 262
22 1.180 23.6 278
23 1.190 24.8 295
24 1.200 26.0 312
24.5 1.204 26.4 318

Contents - < Previous - Next>

Home

D:/cd3wddvd/NoExe/.../meister10.htm

162/204



05/11/2011 Fruit and vegetable processing - Conte...

6.4 Food acids

Contents - < Previous - Next>

- Acetic acid

Acetic acid is in use as solutions of various concentrations which are known under the generic
name of vinegar. Vinegar can be obtained:

a) from wine, alcohol, cider, beer, etc. by fermentation;
b) by dilution of acetic acid obtained by dry wood distillation or by synthesis.

From a quality point of view, wine vinegar is preferred, as it has a more pleasant flavour. In
order to improve taste, other vinegar types are usually flavoured with spices.

In addition to its spicing and flavouring role, vinegar is used and acts as a preservation agent
for some vegetables: cucumbers, acidified vegetables, etc.

¢ Citric acid

e Tartric acid
¢ Lactic acid
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6.5 Pectic preparations

In fruit processing there many preparations and mixes known as "pectin" are used as liquid
or powder extracts.

From a practical point of view, the pectic preparations are classified as:

¢ strong pectins obtained from apples or citrus fruit peel; this category gives gels rich in
sugar;

¢ weak pectins which gives gels with low proportion of sugar or even without sugar but
with the addition of calcium salts.

The fruit industry uses mainly strong pectins. These preparations are characterised, from a
commercial point of view, by the capacity of gelification, expressed in degrees. The degree of
gelification represents the quantity of sugar in grams able to be transformed in a standard gel
(65% sugar and pH=3) by 1 g pectin.

6.6 Intensive sweeteners

"Calorie-reduced'" and "low-calorie foods are widely used and are cornering an increasing
share of the market. Sweeteners are making an important contribution to the manufacture of
sweet foods in these categories. They make it possible to manufacture sweet products
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without "sweet' being necessarily synonymous with '"high-calorie.

Diabetics need to restrict their intake of sugar and various carbohydrates similar to sugar or
avoid them altogether. Sweeteners enable diabetics to enjoy sweet tastes without changing
their lifestyle. Sweeteners do not contribute to the development of tooth decay; they do not
degrade in the mouth to form the acids which are responsible for caries. Thus sweeteners
offer consumers a number of advantageous and favourable properties above and beyond
merely reducing calories.

Sunett is the trade mark of Hoechst AG for its high intensity sweetener acesulfame K. As an
ingredient, it can be used for sweetening all foods produced industrially or at home, or to
produce tabletop sweeteners. Like all other sweeteners, Sunett tastes more intensely sweet
than sugar; it is about 200 times sweeter than sugar compared with a dilute stock solution.

Synergism. - Sunett is notable for its pronounced synergism with other sweeteners. The
synergistic effect leads as quantitative synergism to an intensification of the overall
sweetness and as qualitative synergism to an improved taste. The synergism results in a
marked intensification of the sweet taste of the blends, which can amount to 30-50% at usual
concentrations.

The favourable properties of Sunett, particularly its synergistic behaviour, can be used

advantageously in the Sunett-Multi-Sweetener Concept. For high sweetness levels, blends of

Sunett with other sweeteners, e.g. aspartame, are particularly favourable in many
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applications. The synergistic effect of the blend results in a taste that is particularly pleasant
and rounded.

Alone or in blends with other sweeteners, Sunett is used mainly where only sweetness is
important and no other properties of the foods are to be affected. This applies particularly to
beverages (fruit syrups and juices, carbonated beverages, etc.).

In a number of food products, sweet carbohydrates do not only provide the sweet taste; they
have other functions to fulfil; for example, they act as bulking or texturing agents and as
preservatives by reducing the water activity. In these types of products, Sunett and other
sweeteners cannot be used on their own. They must be combined with other substances which
perform the required functions. These may be bulking agents or sugar substitutes (for
example polyols: sorbitol, mannitol, xylitol). Sunett can be combined with both groups of
substances.

Uses. In carbonated soft drinks blends of Sunett with other sweet-tasting substances are
often recommended. Beverages formulated using the Sunett Multi-Sweetener Concept, i.e.
blends of Sunett with other sweeteners, are usually preferred because of their particularly
well balanced and rounded sweetness profile. The taste of these blends is often superiors to
single sweeteners.

Sunett is compatible with sugar and other sweet-tasting carbohydrates, both technically and
in terms of taste. It can therefore be used in the production of soft drinks with a reduced
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sugar content. Drinks based on fructose and Sunett are suitable for diabetics. Soft drinks
with a reduced sugar content show an excellent taste quality when Sunett or Sunett blends
are added to bring them up to the usual level of sweetness.

Fruit nectars and fruit juice drinks differ from most carbonated drinks in that they contain a
noticeable amount of sweet carbohydrates provided by the fruit juice. The amount of
carbohydrate may vary depending on the type of fruit and amount of juice used.

Amounts of up to 200 mg/l Sunett are often adequate as a single sweetener for the popular
types of fruit nectars. With blends of Sunett and aspartame quantities in the order of 100150
mg/l Sunett and 50 mg/l aspartame or 60-70 mg/1 of both Sunett and aspartame are sufficient.

Sunett offers such excellent stability that end products, such as drinks, show no reduction in
sweetness performance during normal processing methods and storage periods. Sunett can
withstand pasteurization, hot filling and aseptic filling without any loss of sweetness.

Jams and marmalades. Sugar contributes a great deal to the texture and stability of
conventional jams and marmalades. For the production of sugar-free products either the
sugar must be replaced by comparable amounts of sugar substitutes or some of the functions
of the sugar must be taken only by other components, such as suitable gelling agents.

Sugar-free jams and marmalades containing sweeteners are more susceptible to
microorganisms than sugar-containing products. The risk of spoilage due to yeast
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fermentation or moulding can be prevented by pasteurization. However, this is only feasible
for small jars which will be quickly consumed once they are opened.

In all other cases, it is advisable to add 0.05-0.1% potassium sorbate as a preservative,
wherever this is permitted under the relevant food regulations.

For sugar-free jams and marmalades, concentrations in the range of 500-2000 mg Sunett/kg
of the finished product are appropriate. It is advisable to add Sunett in the form of an
aqueous stock solution towards the end of the boiling process. Care must be taken to ensure
that Sunett is evenly dispersed throughout the whole batch.

Because of the excellent compatibility of Sunett with sugar alcohols, fruit jams and
marmalades using these ingredients offer an outstanding taste.

Fruit preserves. Sunett can be used for the production of sugar-free or sugar-reduced fruit
preserves. At the normal pH values for fruit preserves Sunett can be added even before
pasteurization, as the sweetness is not impaired under the usual thermal treatment
conditions. Sunett also withstands the usual storage periods without loss of sweetness.

NutraSweet(r) is the commercial name of aspartame (APM), a new sweetener from G.D.
SEARLE & Co. which can be used in the most foods in order to give the same taste as sugar.
NutraSweet is about 180 to 200 times sweeter than sucrose (sugar) and this value depends on
pH, temperature and the type of flavour.
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NutraSweet can be used as mentioned above in a mix with Sunett or alone in all sugar-free or
calorie-reduced fruit jams, marmalades and preserves. Like other sweeteners, NutraSweet
does not promote tooth decay.

International regulatory status. Both Sunett and NutraSweet are widely accepted by food
laws in the majority of countries. The following are the main fruit products where Sunett is
an accepted sweetener:

¢ low-joule prepared jelly: max. 500 mg/kg;

¢ canned fruit without added sugar: max. 500 mg/kg;

¢ beverages including calorie-reduced fruit nectars: max. 600 mg/l;
¢ calorie-reduced jams;

¢ calorie-reduced and dietetic fruit compotes;

¢ canned fruit and vegetables, fruit puree, jams and marmalades;

¢ juices, nectars and juice based beverages;

¢ jams, marmalades and related products: max. 300 mg/kg.

Contents - < Previous - Next>

Home
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Chapter 7 Packaging materials

Contents - < Previous - Next>

7.1 Introduction
7.1.1 Requirements and functions of food containers

The following are among the more important general requirements and functions of food
packaging materials/ containers:

they must be non-toxic and compatible with the specific foods;
sanitary protection;
moisture and fat protection;
gas and odour protection;
light protection;
resistance to impact;
transparency;
tamperproofness;
ease of opening;
pouring features;
k. reseal features;
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I. ease of disposal;

size, shape, weight limitations;

appearance, printability;

low cost;

special features.

- o> 3

7.1.2 Primary and secondary containers

The terms primary and secondary containers have been used. Some foods are provided with
efficient primary containers by nature, such as nuts, oranges, eggs and the like. In packaging
these, we generally need only a secondary outer box, wrap, or drum to hold units together
and give gross protection.

Other foods such as milk, dried eggs and fruit concentrates often will be filled into primary
containers such as plastic liners which are then packaged within protective cartons or drums.
In this case the secondary container provided by the carton or drum greatly minimises the
requirements that must be met by the primary container.

Except in special instances, secondary containers are not designed to be highly impervious to
water vapour and other gases, especially at zones of sealing, dependence for this being
placed upon the primary container.
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Since primary containers by definition are those which come in direct contact with the food,
we will be far more concerned with them than with secondary containers.

7.1.3 Hermetic closure

Two conditions of the greatest significance in packaging are hermetic and non-hermetic
closure.

The term hermetic means a container which is absolutely impermeable to gases and vapours
throughout its entirety, including its seams.

Such a container, as long as it remains intact, will automatically be impervious to bacteria,
yeasts, moulds, and dirt from dust and other sources since all of these agents are considerably
larger than gas or water vapour molecules.

On the other hand, a container which prevents entry of micro-organisms, in many instances
will be non-hermetic. A container that is hermetic not only will protect the product from
moisture gain or loss, and from oxygen pickup from the atmosphere, but is essential for strict
vacuum and pressure packaging.

The most common hermetic containers are rigid metal cans and glass bottles, although faulty
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closures can make them non-hermetic. With very rare exceptions flexible packages are not
truly hermetic for one or more of the following reasons.

First, the thin flexible films, even when they do not contain minute pinholes, generally are not
completely gas and water-vapour impermeable although the rates of gas and water vapour
transfer may be exceptionally slow; second, the seals are generally good but imperfect; and
third, even where film materials may be gas- and water-vapour-tight, such as certain gages of
aluminium foil, flexing of packages and pouches leads to minute pinholes and crease holes.

Hermetic rigid aluminium containers can be readily formed without side seams or bottom end
seams. The only seam then to make hermetic is the top end double seam, which may be closed
on regular tin can sealing e quipment.

Glass containers are hermetic provided the lids are tight. Lids will have inside rings of plastic
or cork. Many glass containers are vacuum packed and the tightness of the cover will be
augmented by the differential of atmospheric pressure pushing down the cover.

Crimping of the covers, as in the case of pop bottle caps which operate against positive
internal pressure, also can make a gas-tight hermetic seal. But bottles fail more often than
cans in becoming non-hermetic.

7.2 Protection of food by packaging materials
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Important factors in selecting a packaging unit for food storage are presented in Fig. 7.1.

Figure 7.1 Factors for selection a packaging material for food storage
7.3 Films and foils; plastics

Films and foils have different values for moisture and gas permeability, strength, elasticity,
inflammability and resistance to insect penetration and many of these characteristics depend
upon the film's thickness.

Important characteristics of the types of films and foils commonly used in food packaging are
given in Table 7.1. For the most part such films are used in the construction of inner
containers. Since they are non-rigid, their main functions are to contain the product and
protect it from contact with air or water vapour. Their capacity to protect against mechanical
damage is limited, particularly when thin films are considered.

TABLE 7.1 Properties of packaging films

Material Properties

Paper Strength; rigidity; opacity; printability.

Aluminium foil Negligible permeability to water-vapour, gases and
odours; grease proof, opacity and brilliant appearance;
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Cellulose film (coated)

Strength attractlve appearance low permeablllty to water
vapour (depending on the type of coating used), gases,
odours and greases; printability.

Polythene Durability; heat-sealability; low permeability to water-
vapour; good chemical resistance; good low-temperature
performance.

Rubber hydrochloride Heat-sealability; low permeability to water vapour, gases,

odours and greases; chemical resistance.

Cellulose acetate

Strength; rigidity; glossy appearance; printability;
dimensional stability.

Vinylidene chloride

Low permeability to water vapour, gases, copolymer
odours and greases; chemical resistance; heat-sealability.

Polyvinyl chloride

Resistance to chemicals, oils and greases; heat-sealability.

Polyethylene terephtalate

Strength; durability; dimensional stability; low
permeability to gases, odours and greases.

Source: FAD/WFP, (1970)

These materials can exist in many forms, depending upon such variables as identity and
mixture of polymers, degree of polymerisation and molecular weight, spatial polymer
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orientation, use of plasticisers (softeners) and other chemicals, methods of forming such as
casting, extrusion or calendering, etc.

One of the newer classes of plastic materials referred to as copolymers illustrate what can be
done with mixtures of the basic units from which plastics are built. The term copolymer refers
to a mixture of chemical species in the resin from which films and other forms can be made.
The many variations possible make copolymers an important class of plastics to extend the
range of useful food packaging applications.

7.3.1 Plastic sheets

¢ Cellophane paper can be used for packing of dried products, mainly for dried fruit
leathers.

¢ Polyethylene sheets have a variety of uses. They are flexible, transparent and have a
perfect resistance to low temperatures and impermeability to water vapour. An
important advantage is that these sheets can be easily heat-sealed. Utilisation is in forms
of sheets and bags. It is a good packing material for primary protection of dehydrated
products. If a good protection is needed to prevent flavour and gas losses, it will be
necessary to combine polyethylene with other materials.
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7.3.2 Receptacles and packagings in plastic materials
In this class there are three categories:

a. receptacles that can be heat treated: boxes, bottles and bags. Sterilisable bags used up
to 120 C can be manufactured from same raw materials as described under plastic
sheets and up to 100 C from cellophane. Polyethylene bags could be used to some extent
for packing and pasteurization of sauerkraut.

b. receptacles that are not heat treated during processing of fruit and vegetables, also
divided in bags and boxes. Bags are the most used type of packing from plastic materials
and they are manufactured from polyethylene or cellophane; an important utilisation is
for dried/dehydrated fruits and vegetables.

c. special packagings - which can be contacted (Criovac type) by action of heat once the
finished product is already inside the pack and the air is evacuated.

7.3.3 Laminates

Various flexible materials such as papers, plastic films, and thin metal foils have different
properties with respect to water vapour transmission, oxygen permeability, light
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transmission, burst strength, pin holes and crease hole sensitivity, etc. and so multi-layers or
laminates of these materials which combine the best features of each are used.

Commercial laminates containing up to as many as eight different layers are commonly
custom designed for a particular product.

Laminations of different materials may be formed by various processes including bonding
with a wet adhesive, dry bonding of layers with a thermoplastic adhesive, hot melt laminating
where one or both layers exhibit thermoplastic properties, and special extrusion techniques.
Such structured plastic films may be complete in themselves or be further bonded to papers
or metal foils to produce more complex laminates.

7.4 Glass containers
7.4.1 Introduction

As far as food packaging is concerned, glass is chemically inert, although the usual proble ms
of corrosion and reactivity of metal closures will of course apply. The principal limitation of
glass is its susceptibility to breakage, which may be from internal pressure, impact, or
thermal shock, all of which can be greatly minimised by proper matching of the container to
its intended use and intelligent handling practices. Here consultation with the manufacturer
cannot be over-stressed.
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The heavier a jar or bottle for a given volume capacity the less likely it is to break from
internal pressure. The heavier jar, however, is more susceptible to both thermal shock and
impact breakage. Greater thermal shock breakage of the heavier jar is due to wider
temperature differences which cause uneven stress between the outer and inner surfaces of
the thicker glass. Greater impact breakage susceptibility of the heavier jar is due to the
lower resilience of its thicker wall.

Coatings of various types can markedly reduce each of these types of breakage. These
coatings, commonly of special waxes and silicones, lubricate the outside of the glass. As a
result, impact breakage is lessened by bottles and jars glancing off one another rather than
sustaining direct hits when they are in contact in high speed filling lines.

Surface coating after annealing protects glass surfaces from many of the minute scratches
appearing in normal handling after annealing ovens; surface coating also improves the high
gloss appearance of glass containers and is said to decrease the noise from glass to glass
contact at filling lines.

With regard to thermal shock, it is good practice to minimise temperature differences
between the inside and outside of glass containers whenever possible. Some manufacturers
will recommend that a temperature difference of 44 C (80 F) between the inside and the
outside not be exceeded. This requires slow warming of bottles before use for a hot fill and
partial cooling before such containers are placed under refrigeration.
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7.4.2 Classification

Glass used for receptacles in fruit and vegetable processing is a carefully controlled mixture
of sand, soda ash, limestone and other materials made molten by heating to about 1500 C
(2800 F).

Main classes of glass receptacles are:

a. jars which are resistant to heat treatments,

b. jars, glasses, etc. for products not submitted to heat treatment (marmalades, acidified
vegetables, etc.);

c. glass bottles for pasteurized products (tomato juice, fruit juices, etc.) or not pasteurized
(syrups) and

d. receptacles with higher capacity (flasks, etc.)

7.4.2.1 Jars for sterilised/pasteurized canned products

These receptacles may replace metal cans, taking into considering both the advantages and
disadvantages they present. Advantages are: they do not react to food content; they are
transparent and can be manufactured in various shapes; they use cheap raw materials and
are reusable. Disadvantages: heavier than metal can of same capacity; fragile; lower thermal
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conductance and a limited resistance to thermal shocks.

Receptacles in this category must assure a perfect hermeticity after their
pasteurization/sterilisation and cooling and this has to be achieved by the use of metallic (or
glass) caps and specific materials for tightness. Taking into account the receptacles' closure
method, there are two categories of receptacles:

a. glass jars with mechanical closure;
b. glass jars with pneumatic closure;

7.4.2.2 Jars for products without heat treatment

For marmalades, jellies and jams glass jars with non hermetic closures using metal, glass or
rigid plastic caps are used; however for these products the receptacles mentioned above may
also be used.

The use of jars with pneumatic closure presents the advantage that some products (e.g.
marmalades, jams) can be filled hot and therefore sterile in receptacles. Pneumatic closing
generally protects against negative air action which is in this case eliminated from
receptacles.

7.4.2.3 Glass bottles
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These receptacles are widely used both for

a) finished products which need pasteurization (ea. tomato juice, Knit juices, etc.) and for
b) those which are preserved as such (ea. fruit syrups).

Glass bottles in category a) are closed hermetically with metallic caps, provided with special
materials for tightness.

For glass bottles in category b) various corks, and aluminium caps with tightness materials
may be used.

7.4.2.4 Glass receptacles with high capacity

In this category there are glass flasks with 3 and 10 litre capacity which can be hermetically
closed by a SKO caps system and are resistant to product pasteurization (ea. tomato juice).

As bigger receptacles it is possible to use glass demijohns with usual capacity of 25 and 50
litre; these receptacles are used for preservation of fruit juices by warm process. Closing is
performed with flexible rubber hoods.

7.5 Paper packaging
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As primary containers few paper products are not treated, coated or laminated to improve
their protective properties. Paper from wood pulp and reprocessed waste paper will be
bleached and coated or impregnated with such materials as waxes, resins, lacquers, plastics,
and laminations of aluminium to improve water vapour and gas impermeability, flexibility,
tear resistance, burst strength, wet strength, grease resistance, sealability, appearance,
printability, etc.

7.5.1 Paper sheets

Kraft paper is the brown unbleached heavy duty paper commonly used for bags and for
wrapping; it is seldom used as a primary container;

parchment paper: acid treatment of paper pulp modifies the cellulose and gives water
and oil resistance and considerable wet strength to this type of packaging material;
glassine-type papers are characterised by long wood pulp fibres which impart increased
physical strength;

paper with plastic material sheets.

7.5.2 Receptacles from paper or cardboard
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(paper = 8 to 150 g/m; cardboard = 150 to 450 g/m).

7.6 "Tin can" /tinplate
The '"'tin can" is a container made of tinplate.

Tinplate, a rigid and impervious material, consists of a thin sheet of low carbon steel coated
on both sides with a very thin layer of tin. It can be produced by dipping sheets of mild steel in
molten tin (hot-dipped tinplate) or by the electro-deposition of tin on the steel sheet
(electrolytic tinplate). With the latter process it is possible to produce tinplate with a heavier
coating of tin on one surface than the other (differentially coated).

Tin is not completely resistant to corrosion but its rate of reaction with many food materials
is considerably slower than that of steel. The effectiveness of a tin coating depends on:

its thickness which may vary from about 0.5 to 2.0 m (20 to 80 x 10(-6) in.);

the uniformity of this thickness;

the method of applying the tin which today primarily involves electrolytic plating;
the composition of the underlying steel base plate;

the type of food, and

other factors.
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Some canned vegetables including tomato products actually owe their characteristics flavours
to a small amount of dissolved tin, without which these products would have an unfamiliar
taste. On the other hand, where tin reacts unfavourably with a particular food the tin itself
may be lacquer coated.

The classes of foods requiring different steels are seen in Table 7.2.

The thickness of tinplate sheets may vary from 0.14 mm to 0.49 mm and is determined by
weighing a sheet of known area and calculating the average thickness.

Tinplate sheets may be lacquered after fabrication to provide an internal or external coating
to protect the metal surface from corrosion by the atmosphere or through reaction with the
can contents. They may also be printed by lithography to provide suitable instructions or
information on containers fabricated from tinplate sheets (otherwise paper labels can be
attached to the outer tinplate surface).

Under normal conditions the presence of the tin coating provides a considerable degree of
electrochemical protection against corrosion, despite the fact that in both types of tinplate
the tin coating is discontinuous and minute areas of steel base plate are exposed. With
prolonged exposure to humid conditions, however, corrosion may become a serious problem.

Common organic coatings of FDA approved materials and their uses are indicated in Table
7.3.
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The coatings not only protect the metal from corrosion by food constituents but also protect
the foods from metal contamination, which can produce a host colour and flavour reactions
depending upon the specific food. Particularly common are dark coloured sulphides of iron
and tin produced in low acid foods that liberate sulphur compounds when heat processed, and
bleaching of red plant pigments in contact with unprotected steel, tin, and aluminium.

TABLE 7.3 General types of can coatings

Coating Typical uses Type
Fruit enamel Dark coloured berries, cherries and other fruits |Oleoresinous

requiring protection from metallic salts
C-enamel Corn, peas and other sulphur-bearing products |Oleoresinous w. suspended

zinc oxide

Citrus enamel Citrus products and concentrates Modified oleoresinous
Beverage can Vegetable juices; red fruit juices; highly Two-coated w. resinous
enamel corrosive fruits; non-carbonated beverages base coat and vinyl top coat

Source: Ellis (1963)

Contents - < Previous - Next>
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Chapter 8 Fruit specific preservation technologies

Contents - < Previous - Next>

8.1 Fruit quality

Fruit quality goes back to tree stock, growing practices and weather conditions. Closer to the
shipper and processor, however, are the degrees of maturity and ripeness when picked and
the method of picking or harvesting.

There is a distinction between maturity and ripeness of a fruit. Maturity is the condition when
the fruit is ready to eat or if picked will become ready to eat after further ripening. Ripeness
is that optimum condition when colour, flavour and texture have developed to their peak.

Some fruit is picked when it are mature but not yet ripe. This is especially true of very soft
fruit like cherries and peaches, which when fully ripe are so soft as to be damaged by the act
of picking itself. Further, since many types of fruit continue to ripen off the tree, unless they
were to be processed quickly, some would become overripe before they could be utilised if
picked at peak ripeness.
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performed on the basis of physical as well chemical properties: shape, size, texture, flavour,
colour/pigmentation, dry matter content (soluble solids content), pectic substances, acidity,

vitamins, etc. These properties are directly correlated with fruit utilisation. Table 8.1. 1

shows which of the above mentioned properties have a major impact on the finished products
obtained by fruit processing.

TABLE 8.1.1 Optimal use of fruits as a function of their properties

Processed Organoleptic (Sensory) Properties Chemical Composition
Finished Shape |Texture |Flavour |Taste |Acidity |Sugars |Pectic
Products Sust.
Dried Fruits ++ ++ ++ + 4+

Fruit Juices ++ ++ + 4+

Marmalade + + T4 i
Jams + + ++ + + ++

Jellies ++ ++ ++ ++ ++
Fruit Paste ++ ++
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8.1.1 When to pick

The proper time to pick fruit depends upon several factors; these include variety, location,
weather, ease of removal from the tree (which change with time), and purpose to which the
fruit will be put.

For example, oranges change with respect to both sugar and acid as they ripen on the tree;
sugar increases and acid decreases. The ratio of sugar to acid determines the taste and
acceptability of the fruit and the juice. For this reasons, in some countries there are laws that
prohibit picking until a certain sugar-acid ratio has been reached.

In the case of much fruit to be canned, on the other hand, fruit is picked before it is fully ripe
for eating since canning will further soften the fruit.

8.1.2 Quality measurements

Many quality measurements can be made before a fruit crop is picked in order to determine
if proper maturity or degree of ripeness has developed.

Colour may be measured with instruments or by comparing the colour of fruit on the tree
with standard picture charts.
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Texture may be measured by compression by hand or by simple type of plungers.

As fruit mature on the tree its concentration of juice solids, which are mostly sugars,
changes. The concentration of soluble solids in the juice can be estimated with a
refractometer or a hydrometer. The refractometer measures the ability of a solution to bend
or refract a light beam which is proportional to the solution's concentration. A hydrometer is
a weighted spindle with a graduated neck which floats in the juice at a height related to the
juice density.

The acid content of fruit changes with maturity and affects flavour. Acid concentration can
be measured by a simple chemical titration on the fruit juice. But for many fruits the tartness
and flavour are really affected by the ratio of sugar to acid.

Percentage of soluble solids, which are largely sugars, is generally expressed in degrees Brix,
which relates specific gravity of a solution to an equivalent concentration of pure sucrose.

In describing the taste of tartness of several fruits and fruit juices, the term "sugar to acid
ratio" or "Brix to acid ratio" are commonly used. The higher the Brix the greater the sugar
concentration in the juice; the higher the "Brix to acid ratio" the sweeter and lees tart is the
juice.

8.2 Harvesting and preprocessing
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8.2.1 Harvesting

The above and other measurements, plus experience, indicate when fruit is ready for
harvesting and subsequent processing.

A large amount of the harvesting of most fruit crops is still done by hand; this labour may
represent about half of the cost of growing the fruit. Therefore, mechanical harvesting is
currently one of the most active fields of research for the agricultural engineer, but also
requires geneticists to breed fruit of nearly equal size, that matures uniformly and that is
resistant to mechanical damage.

A correct manual harvesting includes some simple but essential rules:

¢ the fruit should be picked by hand and placed carefully in the harvesting basket; all
future handling has to be performed carefully in order to avoid any mechanical damage;

¢ the harvesting basket and the hands of the harvester should be clean;

¢ the fruit should be picked when it is ready to be able to be processed into a quality
product depending on the treatment which it will undergo.

It is worth emphasising the fact that the proximity of the processing centre to the source of
supply for fresh raw materials presents major advantages; some are as follows:

¢ possibility to pick at the best suitable moment;
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¢ reduction of losses by handling/transportation;
¢ minimises raw material transport costs;
¢ possibility to use simpler/cheaper receptacles for raw material transport.

Once it has left the tree, the organoleptic properties, nutritional value, safety and aesthetic
appeal of the fruit deteriorates in varying degrees. The major causes of deterioration include
the following:

growth and activity of micro-organisms;
activities of the natural food enzymes;
insects, parasites and rodents;
temperature, both heat and cold;
moisture and dryness;

air and in particular oxygen;

light and

time.

SR -0 20 T O

The rapidity with which foods spoil if proper measures are not taken is indicated in Table
8.2.1.

TABLE 8.2.1 Useful storage life of some food products
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Food Products

Generalized Storage Life

Animal Flesh, Fish, Poultry

(Days)at-21¢ {70F)

Dried, salted, smoked meat and fish

360 and more

Fruits 1-7

Dried Fruits 360 and more
Leafy Vegetables 1-2

Root Crops 7-20

Source: Desrosier and Desrosier (1977)
8.2.2 Reception - quality and quantity

Fruit reception at the processing centre is performed mainly for following purposes:

¢ checking of sanitary and freshness status;
¢ control of varieties and fruit wholeness;

¢ evaluation maturity degree;

¢ collection of data about quantities received in connection to the source of supply: outside

growers/farmers, own farm.
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Variety control is needed in order to identify that the fruit belongs to an accepted variety as
not all are suitable for different technological processes.

Fruit maturity degree is significant as industrial maturity is required for some
processing/preservation methods while for others there is the need for an edible maturity
when the fruit has full taste and flavour.

Special attention is given to size, appearance and uniformity of fruit to be processed, mainly
in the form of fruit preserved with sugar using whole/half fruits ("'with fruit pieces").

Some laboratory control is also needed, even if it not easy to precisely establish the
technological qualities of fruit because of the absence of enough reliable rapid analytical
methods able to show eventual deterioration.

The only reliable method for evaluating the quality is the combination of data obtained
through organoleptic/taste controls and by simple analytical checks which are possible to
perform in a small laboratory: percentage of soluble solids by refractometer,
consistency/texture measured with simple penetrometers, etc. Some useful checks/control to
be performed at reception are summarised in Table 8.2.2.

8.2.3 Temporary storage before processing
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This step has to be as short as possible in order to avoid flavour losses, texture modification,
weight losses and other deterioration that can take place over this period.

Some basic rules for this step are as follows:

¢ keep products in the shade, without any possible direct contact with sunlight;
¢ avoid dust as much as possible;

¢ avoid excessive heat;

¢ avoid any possible contamination;

¢ store in a place protected from possible attack by rodents, insects, etc.

Cold storage is always highly preferred to ambient temperature. For this reason a very good
manufacturing practice is to use a cool room for each processing centre; this is very useful
for small and medium processing units as well.

TABLE 8.2.2 Raw Material Control - Fresh Fruits and Vegetables at Reception

1. Checks at each delivery/raw material lot

1.1 Colour
1.2 Texture
1.3 Taste
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1.4 Flavour
1.5 Appearance
1.6 Refractometric extract
1.7 Number per kg
1.8 Variety
1.9 Sanitary evaluation

2. Checks at each ten lots (for the same raw material)

2.1 Density
2.2 Water content: oven method

2.3 Total sugars, reducing sugars
2.4 Total acidity

3. Audits - every six months - on five different lots

3.1 Ascorbic acid

3.2 Mineral substances
3.3 Tannic substances
3.4 Pectic substances
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The type of analysis for audits will be adapted to the specific fruits and vegetables that are
received/ processed.

An excellent indication of a good temporary storage is the limited weight loss before
processing, which has to be below 1.0%-1.2%.

8.2.4 Washing
Harvested fruit is washed to remove soil, micro-organisms and pesticide residues.

Fruit washing is a mandatory processing step; it would be wise to eliminate spoiled fruit
before washing in order to avoid the pollution of washing tools and/or equipment and the
contamination of fruit during washing.

Washing efficiency can me gauged by the total number of micro-organisms present on fruit
surface before and after washing - best result are when there is a six fold reduction. The
water from the final wash should be free from moulds and yeast; a small quantity of bacteria
is acceptable.
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Fruit washing can be carried out by immersion, by spray/ showers or by combination of these
two processes which is generally the best solution: pre-washing and washing.

Some usual practices in fruit washing are:

¢ addition of detergents or 1.5% HCI solution in washing water to remove traces of insect-
fungicides;

¢ use of warm water (about 50C) in the pre-washing phase;

¢ higher water pressure in spray/shower washers.

Washing must be done before the fruit is cut in order to avoid losing high nutritive value
soluble substances (vitamins, minerals, sugars, etc.).

8.2.5 Sorting
Fruit sorting covers two main separate processing operations:

a. removal of damaged fruit and any foreign bodies (which might have been left behind
after washing);
b. qualitative sorting based on organoleptic criteria and maturity stage.
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Mechanical sorting for size is usually not done at the preliminary stage. The most important
initial sorting is for variety and maturity.

However, for some fruit and in special processing technologies it is advisable to proceed to a
manual dimensional sorting (grading).

8.2.6 Trimming and peeling (skin removal)

This processing step aims at removing the parts of the fruit which are either not edible or
difficult to digest especially the skin.

Up to now the industrial peeling of fruit and vegetables was performed by three procedures:

a. mechanically;

b. by using water steam;

c. chemically; this method consists in treating fruit and vegetables by dipping them in a
caustic soda solution at a temperature of 90 to 100 C; the concentration of this solution
as well as the dipping or immersion time varying according to each specific case.
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8.2.7 Cutting

This step is performed according to the specific requirements of the fruit processing
technology.

8.2.8 Heat blanching

Fruit is not usually heat blanched because of the damage from the heat and the associated
sogginess and juice loss after thawing. Instead, chemicals are commonly used without heat to
inactivate the oxidative enzymes or to act as antioxidants and they are combined with other
treatments.

8.2.9 Ascorbic/citric acid dip

Ascorbic acid or vitamin C minimises fruit oxidation primarily by acting as an antioxidant and
itself becoming oxidised in preference to catechol-tannin compounds. Ascorbic acid is
frequently used by being dissolved in water, sugar syrup or in citric acid solutions.

It has been found that increased acidity also helps retard oxidative colour changes and so
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ascorbic acid plus citric acid may be used together. Citric acid further reacts with (chelates)
metal ions thus removing these catalysts of oxidation from the system.

8.2.10 Sulphur dioxide treatment

Sulphur dioxide may function in several ways:

[ ]

sulphur dioxide is an enzyme poison against common oxidising enzymes;

it also has antioxidant properties; i.e., it is an oxygen acceptor (as is ascorbic acid);
further SO2 minimises non enzymatic Maillard type browning by reacting with aldehyde
groups of sugars so that they are no longer free to combine with amino acids;

sulphur dioxide also interferes with microbial growth.

In many fruit processing pre-treatments two factors must be considered:

a.
b.

sulphur dioxide must be given time to penetrate the fruit tissues;

SO2 must not be used in excess because it has a characteristic unpleasant taste and
odour, and international food laws limit the SO2 content of fruit products, especially of
those which are consumer oriented (e.g. except semi-processed products oriented to
further industrial utilisation).
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Commonly a 0.25 % solution (except for semi-processed fruit products which are industry
oriented and use a 6% solution) of SO2 or its SO2 equivalent in the form of solutions of
sodium sulphite, sodium bisulphite or sodium/potassium metabisulphite are used.

Fruit slices are dipped in the solution for about two to three minutes and then removed so as
not to absorb too much SO2. Then the slices are allowed to stand for about one to two hours
so that the SO2 may penetrate throughout the tissues before processing.

Sulphur dioxide is also used in fruit juice production to minimise oxidative changes where
relatively low heat treatment is employed so as not to damage delicate juice flavour.

Dry sulphuring is the technological step where fruit is exposed to fumes of SO2 from burning
sulphur or from compressed gas cylinders; this treatment could be used in the preparation of
fruits (and some vegetables) prior to drying / dehydration.

8.2.11 Sugar syrup

Sugar syrup addition is one of the oldest methods of minimising oxidation. It was used long
before the causative reactions were understood and remains today a common practice for
this purpose.
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Sugar syrup minimises oxidation by coating the fruit and thereby preventing contact with
atmospheric oxygen.

Sugar syrup also offers some protection against loss of volatile fruit esters and it contributes
sweet taste to otherwise tart fruits.

It is common today to dissolve ascorbic acid and citric acid in the sugar syrup for added effect
or to include sugar syrup after an SO2 treatment.

8.3 Fresh fruit storage

Some fruit species and specially apples and pears can be stored in fresh state during cold
season in some countries' climatic conditions.

Fruit for fresh storage have to be autumn or winter varieties and be harvested before they
are fully mature. This fruit also has to be sound and without any bruising; control and sorting
by quality are mandatory operations.

Sorting has to be carried out according to size and weight and also by appearance; fruit
which is not up to standard for storage will be used for semi-processed product manufacturing
which will be submitted further to industrial processing.

Harvested fruit has to be transported as soon as possible to storage areas. Leaving fruit in
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bulk in order to generate transpiration is a bad practice as this reduces storage time and
accelerates maturation processes during storage.

In order to store large quantities of fruit, silos have to be built.

Contents - <Previous - Next8a href="V5030EQj.htm#8.4 Fruit drying and dehydration
technology">»
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