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INTRODUCTION

The main feature of the changed pattern of consumer demand
for fresh fruit and vegetables in Europe in the years following the end
of the second World War was a considerable increase in consumption per
capita, reflecting the upward movement of incomes. This seemed to
indicate a high level of income elasticity of demand for these products.

The overall increase in consumption involved a certain
number of product substitutions, with a tendency to move up the scale of
quality. Thus, potatoes first took over from the more traditional root
vegetables, and then it was the turn of potatoes and dried vegetables to
be replaced by green vegetables.

By 1965-~70, however, it was evident that overall demand for
fresh fruit and vegetables was tending to level off, and this development
has been followed in the past few years by a marked fall in average
consumption per head of populations It can thus be assumed that after
a period of quantitative expansion this sector of the food market has
entered a far more quality—conscious phase in which consumers will
attach greater priority to the nutritional and organoleptic properties
of the produce under study.

Furthermore, the new pattern of distribution, with super—
markets taking an increased share in total sales, is changing the
consumer/product relationship at the moment of purchase. The trend is
towards consumer decisions based on a reference number or a distinctive
trade mark rather than on the sort of personal judgment which is
becoming increasingly difficult to make,



This report is an attempt to collate the available information
on the objective parameters for defining the organoleptic properties of
these products so as to make them known to consumers by means of an
identification mark or an informative label, and to put forward general
conclusions that are valid for all the Member Countries of the European
Communitye

The report also contains comprehensive information about the
effects of environmental factors, cultural techniques and methods of
storage and marketing insofar as they affect the production of top quality
fruit and vegetables and the preservation of that quality after harvesting.

The study was undertaken as part of the programme of the
Directorate=General for Agriculture of the Commission of the European
Communities.s The author, Monsieur Jean THIAULT, is Chief Agronomic
Engineer at the Centre Technique du Génie Rural des Eaux et des Foréts
(which falls under the aegis of the French Ministry of Agriculture) at
Aix-en-Provence.

The work was coordinated by the Division responsible for
statistics, balance sheets and general studies. Among the other DGA
divisions which participated in the work was the Environment and Consumer
Protection Service,

Use was made of a wide bibliography. To avoid overburdening
the text, the names of authors have not been quoted ; each reference is
given only by number, in the order in which it is listed in the
bibliography annexed to the report,

The author extends his thanks to all those who have kindly
replied to his requests for information, as well as those persons who
have suggested modifications or additions to various parts of the text.
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Le ceéateur, en obligeant 1'homme 3 manger pouf yivre,
1ty invite par 1l'appétit et 1'en récompense par le plaisir. +

BRILLAT-SAVARIN (1)

1 - THE DIFFERENT ASPECTS OF QUALITY

The concept of quality of fruit and vegetables is rather
complex and unclear in the minds of consumers. They may even interpret
the term quite differently from those who are professionally involved
in the commercial network,

For wholesalers and retailers the essential factor is the
avoidance of losses during transport and storage, to the extent that the
professionals sometimes consider the keeping quality of the produce in the
course of distribution to be the most crucial criterion of all. But
they also need a ready market, and this means the produce must be
attractive in appearance and well adapted to consumer preferences,

For the consumers, the essential factor is one of attraction,
but the degree of this attraction and its exact form can vary considerably
from individual to individual, for psychological and cultural reasons.

(+) The Creator, by making man eat to live,
invites him to do so with appetite and rewards him with pleasure.

Larousse Gastronomique



The three main elements of consumer motivation may be
listed as follows ¢

- gastronomic satisfaction, derived by the individual from eating the
product ;

- concern for nutrition, depending on the degree of familiarity with
nutritional values, at an individual or family level, leading the
consumer to seek out a given product for the nutrients it can provide ;

- attribution of a symbolic value to the natural fresh produce, which
ensures an element of contact with nature and also provides an
opportunity for that pleasure of giving and sharing which is so much
a feature of human relations.

Thus, the housewife will pick out top quality fruit to
please the household, in the hope that pleasure gained from eating it
will measure up to the initial appeal it may have exercised.

One or other of these different motives may override the
others when the decision is made to buy the product, but they neverthe-
less remain bound up with each other in a rather complex fashion., Their
effects can be more easily analyzed if a distinction is made between
three main types of product qualities : (x)

- commercial qualities
- nutritional qualites
- organoleptic qualities

1.1 &+ COMMERCIAL QUALITIES

The criteria of quality to which the commercial operators
pay most attention are mainly related to the external appearance of the
product.

Appearance can assume a symbolic value, conjuring up the
idea of freshness associated with the natural product, and the colour may
be reminiscent of sunshine ; but appearance also consists in a whole
collection of signs which the consumer believs will help him to
discern the intrinsic qualities of the product,.

It is not enough, therefore, for the product to the
attractive : it has to retain its attraction, unimpaired, in the course
of the different stages of distribution.

For this reason, the ability to withstand transportation and
storage should therefore shand high in the list of commercial quality
criteria.

(x) N.B. The term "quality" is intended to designate a certain state of
the fruit or vegetable, the target condition, which is expressed in
the :properties of the product, while the term "criteria™ refers to
the various yardsticks by which quality can be measured,



1,11 : Appearance and presentation

The external appearance of the product can be taken as the
first criterion of quality. It is the basic element of the product
standardizations which have been harmonized by OECD and the Economic
Commission for Europe in Geneva, and has also served as the basis for
the Regulations laid down by the European Economic Community.

This standardization consists primarily in a language code
to facilitate economic transactions in a European context while still
protecting the consumer against fraudulent names or methods of
presentation.

These standards, which have been set down in detail for each
of the main types of fruit and vegetables grown in the European Community,
fall under three headings :

— Criteria of elimination, which serve to protect the consumer against
serious quality defects, which are likely either to entail heavy losses
of the product in the course of distribution or to be harmful to health.

That is why the EEC norms require the product to be intact, sound and

clean (i.e. practically free from visible extraneous matter), free

from excess external moisture and foreign smell and/or taste and sufficiently
developed and sufficiently ripe to meet commerdal requirements.

— Criteriag of classification and identification, ensuring the presentation
of these productsin a hierarchy of classes : Extra, Class I, Class II
and in certain cases Class III,.

These standards are based, essentially, on shape and on colour, and on
the possible presence of certain defects which are not likely to have a
serious effect on the intrinsic quality of the product or to jeopardize
its keeping quality.

~ Sizing norms, which allow the introduction of a subdivision into each
class, so as to guarantee the homogeneity of the product in a given
package.

A minimum size is fixed for each class,



1,12

A1l these criteria are codified in the precise description
which must appear on the outside of each package.

In addition to these quality requirements, which may be
considered as the minima, various additional demands are often made by
the primary buyers, wholesalers or retailers who wish to come as close
as possible to meeting their customers! individual requirements.

Thus, in the case of various fruits and vegetables, it is
often claimed that preferences for different shapes, colours and varieties
are peculiar to the consumers in a specific region.

The objectivity of such assumptions is open to some doubt.
Thus, although the inhabitants of northern Europe certainly have a higher
preference for acidity in fruit than do those of southern BEurope, and
although they consider greenness to be indicative of such aaidity, the
various attempts at objective measurement of these parameters have
revealed that the commercial operators tended to exaggerate their
importance whenever quality in distribution could be more easily main—
tained as a consequence.

Consumers commonly become accustomed, as a result, to certainm
types of produce, and it is difficult to distinguish between the part
played by the real preferences of the consumer and the part played by
habits that are more or less imposed by the commercial operators when
the range of produce offered for sale does not provide a particularly
wide choice,

However, when fruit or vegetables are in glut, some of the
demands made by the commercial operators reflect the desire to apply
more rigorous parameters to the selection of horticultural produce.

Thus, the splitting of the stone to which certain early
varieties of peach are susceptible in certain years can constitute a
criterion of elimination that is more strictly applied by the trade than
is required by the Community norm.

Ability to withstand transportation and storage

The commercial operators (despatchers, wholesalers, retailers,
etc.) place these two qualities at the head of the list of desirable
qualities in fruit and vegetables.
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This preoccupation with ability to withstand transportation

and with keeping quality reflects the increaing importance of the
appearance of fruit and vegetables and of their commercial qualitiess

There is evidence of a changing pattern of distribution,

with operators being increasingly obliged to gain access to markets
located at ever greater distances from the farme. There is also a need

to

comply with the statutory norms and to extend the season of the

varieties which appear to be satisfactory in and accepted by the
market,

In practice, this development has affected production in

two different ways : it has influenced the choice of varieties and it
has also changed the dates of picking @

1)

The choice of variety is almost entirely dictated by commercial
considerations, so that consumers are offered a diminishing number
of the varieties which can best withstand transportation and which
also keep particularly well,

A host of examples spring to mind. We shall examine two of the most
typical casess In the Manche department of France, until a few years
ago, the growing of carrots was based on varieties that had been
selected for the tenderness and fine quality of their flesh and for
the excellence of their flavour.

When a certain number of mechanical washing facilities were installed,
the result was a rapid change in the varieties grown, with increasing
emphasis on varieties with a rather lignified central cylinder, of

a type whose roots could be washed without breaking. Needless to

say, the change has meant a deterioration in the cooking and eating
qualifties of this vegetable,

Peaches are another example. Following a period of preference for

the yellow~fleshed varieties, which are not only firmer than the

more aromatic white~fleshed varieties but also tend to be ready for
harvesting at an earlier date, the present generation of new
varieties is tending to bear fruit which is even firmer than the
varieties favoured over the past decade and a half, Firmness would
seem to be the main quality that hybridizers are looking for, together
with external colouring, with no consideration whatsoever for the
organoleptic properties of the fruit.

The trend towards far earlier harvesting, accompanied by various
moves to rationalize the process has been imposed by the buyers :



Fruit is thus picked increasingly in advance of the date
of physiological maturity, with an eye on the duration of storage or
transports Unfortunately, at his stage, the fruit has not usually
reached the optimum stage of development of its various organoleptic
propertiese.

Furthermore, at the level of the grower, there is a trend
towards harvesting the entire crop in a single operation, at a date
which meets the most stringent requirements of the market and of the
distribution chain.

In France, for example, the picking of Golden Delicious
apples is tending to become increasingly concentrated at a stage when
the apples are still very green, to meet the requirements of importers
in nothern Europe, in spite of the fact that exports to that area do not
constitute the whole of the market.

As a result, most of the crop is insufficiently ripe when
picked, and quality is less uniform.

The deterioration that can result from fungal attacks or
physical breakdown during transportation, entailing losses which the
market operators are increasingly reluctant to bear in current market
conditions, has strengthened their preference for varieties that are
particularly resistant, so that less attention has been paid to other
characteristics,

Thus, there has been an increasing tendency to abandon the
high~quality varieties and to concentrate on growing those that keep
well,

Another way of reducing the losses that can result from
fungal attacks or physiological deterioration is to treat the fruit with
chemical products, either by spraying on the tree or by immersion after
picking.

We shall give further consideration to this aspect at a
later stage in this report, and will show how such treatments can alter
the organoleptic properties of the fruit or leave residues which consumers
are increasingly unwilling to tolerate.

Last not least, the virus diseases which affect most varities
of fruit can render them more susceptible to the deterioration referred to.
Quite apart from the physical deformities they may cause in the fruit,
some of these virus diseases can raise the rate of contamination by
fungal diseases to a far higher level than would occur in fruit from
healthy trees.s This is particularly true of certain virus diseases of
the peach which can lead to the development of cracks across the suture
line through which the fruit can be invaded by various fungi (2).



1.13 ¢ Economic consequences

It is therefore the current commercial practice to give
a substantial mark-up to fruit and vegetables on the basis of external
appearance, which depends on the characteristics of the individual
variety, the type of packaging, the method of display and the keeping
quality of the product in relation to the conditions of transport.

Very marked differences in price can thus be observed,
depending on the class into which the product falls and on the factor
of size.

These differences are made even greater by the factors of
packaging and displaye.

e Price differences between classes
L R Ll . - S T e iomtmcn

The official quotations on the different markets of the
European Community reveal an average price difference of 8~15 % between
one class of produce and the next in the hierarchy when both classes
are displayed in identical conditions.

This is clearly illustrated by graphs 1 and 2 (Opposite),
showing the trend of apple and pear prices on the Rungis (Paris) market
during the 1972/73/74 seasons.

« Price differences based on size

The price differences based on the size of fruit and
vegetables are neither proportional nor constante Thus, for example,
the differences in peach prices attributable to size are more constant
when measured in terms of absolute value than they prove to be when
measured in relative terms. The result is that the prices of all sizes
are improved when prices are high, whereas the price of smaller sized
peaches tends to fall more rapidly than that of the larger sizes when the
market is weak,

In facty, the difference in price between one size grade and
the next is often 15 % of the lower price, but differences of 25 ~ 30 %
may also be encountered (3).
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The mark-up is not always proportional to size, Thus, the
maximum price is obtained for fruit of the largest size that is con-
sidered desirable, and is lower for the over— and undersized fruit
for which the market demand is less pronounced,

In the case of Cox's Orange Pippin apples, for example,
the maximum value is placed on the 70 ~ 75 mm size range, while the
largest mark-ups for Belle de Boskoop and Golden Delicious are for
sizes of 75 = 80 mm.

Furthermore, these differences are not always equally large.
For Cox's, the size obtaining the most ready sale is priced 12 % higher
than the size immediately below it, but for a variety like Golden Delicious
the margin may be as great as 25 % (4).

o Packaging and presentation

The cost of packing operations and careful presentation of
the products leads to variations in the selling price of those products.
For the normal types of presentation (boxes or trays), it is generally
conceded that the cost of handling and packing, sorting and presentation
represents 42-45 % of the value of the product at the despatching stage.
When apples are selling badly, because of a glut, the figure may even
be in excess of 50 %.

But it is possible to observe a relationship between the
cost of handling and packing and the selling price of the product. This
is particularly apparent in the case of products of everday consumption,
such as apples, but the observation also applies to pears. The packaging
can enhance the monetary value of the appearance of the produce, and can
ensure a proportional increase in price that more than compensates for
the additional cost incurred for the packaging (5).

« The q&g}ity/price relationshig

Various surveys of fruit and vegetable consumption have showr
that consumers commonly treat price as a criterion of quality.

This can be taken to mean they are convinced there is a
normal relationship between the price of the produce and its quality, so
that if a particular product is offered for sale at a higher price than
another it must, in principle, be of superior quality. So the decision
to buy the product will be all the more positive if this impression is
strengthened by the appearance of the product and the method of display.
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The only situation in which the consumer will actually
prefer a lower price is when the products' external characteristics
are considered to be identical.

This concept of the price/quality relationship was
clearly revealed by a survey carried out in Italy in 1969 (6);
consumers showed greater preference for fruit at the lower end
of the price range for the "Extra" class than they showed for the
lower prices in the other classes.

Obviously, the exercise of these preferences can be
restricted by the purchasing power of the consumer, and they can
only be expressed to the full when the product is in abundant supply
gso that prices are kept sufficiently low.

For some time, however, it has also been clear that
consumers no longer consider appearance to be a guarantee of quality.
When an opinion poll was carried out in France in 1973 (7) by the
Centre Technique Interprofessionnel des Fruits et Légumes, 59 % of
those questioned were of the opinion that fruit was more attractive
than formerly, but that appearance was not matched by flavour.

The same survey also showed that the perception of
quality depends on the place of purchase and on the presentation of
the product, and that consumers prefer to buy fruit and vegetables
from the loc~l market or from specialist retailers rather than from
non-specialist outlets, irrespective of size.

The extent of consumer preference for finely flavoured
fruit was also highlighted by an experimental sale of apples with
known flavour ratings that was carried out in southern and eastern
France in 1972 and 1973 by the French Ministry of Agriculture.

In this experiment, in which the consumers were in a
position to appreciate the excellence of the products, they were
prepared to pay 20 — 30 % more than for otherwise comparable fruit
with a nondescript flavour.

The consumer would also appe~r to be more inclined to
pay a higher price if he considers the retziler is a specialist (8).

This qualitative preference also applies to traditional
basic foods, such as the potato.



- 11 -

A joint siudy carried out in France by the Institut
Technique de la pomme de terre and the Centre d'Etude de la qualité
(9) has shown that the market for potatoes is changing, and that
potatoes are increasingly being treated similarly to other vegetables,
with a consequential demand for higher quality.

Quality heads the list of motives for purchase (40 % of
responses), closely followed by price (38 %). But 80 % of those
questioned said they hoped for an improvement in the quality of
potatoes, and 63 % hoped for better information on the cooking
properties of the different varieties.

Consumers were gpparently very much attracted by presentation
under a label offering a guarantee. Thus, for a product of a very
ordinary nature, for which a high price would seem to be incompatible
with its being a staple food, there would seem to be a marked consumer
demand for higher intrinsic quality and better information.

It would seem therefore, that the presemt-day consumer
will accept wide differentiations in the prices of fruit and
vegetables based solely on the criteria of appearance and presentation,
and that the cumulative difference may be as great as 25 - 30 % if
the effects of product standardization and product size are added
together.

However, the instinctive association of higher quality
with higher price often leads to disappointment when the product is
eaten.

Consumers, then, wish to be more fully informed about
product quality, and would seem to be quite ready to pay an extra
amount for quality at least equal to the premium which is paid today
for appearance.

This is g highly significant observation, as far as the
grower is concerned, because it is easy to calculate that a 25 %
price—difference at the retail stage is equivalent to at least 40 -
50 % of the absolute value of the product at the moment of despatch,
and it is therefore at least comparable with the amount currently
spent on packaging and storage.

One can therefore concur in full with the conclusion of
FRANCOIS (10) that quality provides a sure defense against economic
competition, and that consumer decisions are increasingly motivated
by considerations of quality. The product must therefore be distinguished
from the mass by its objective and measurable characteristics, which
should be reasonably clear to the consumer.
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1.2 : NUTRITIONAL QUALITIES

1.21

.0

The nutritional and even therapeutic functions of fruit
and vegetables are increasingly taken into consideration by consumers
as their knowledge about nutrition increases.

Sometimes even, it is the nutritional value of certain
fruits and vegetables which is taken to be the main reason for
eating them. This can apply, for example, to apples, oranges and
bananas, as well as to potatoes and salad vegetables (7) (9) : but
on the other hand, the increasing use of chemical products for plant
protection has made consumers fearful of the toxic residues that
might be present. As far as consumer attitudes are concerned,
therefore, the value of fruits and vegetables consists of positive
elemements (the desire for nutritional value) and negative elements
(the desire for hygiene).

Nutritional wvalue

Fruit and vegetables are one of the main sources of
human nourishment (ll). Not only do they provide the three main
groups of substances used by the human organism : proteins, carbohydrates
and fats, but they also contain other substances such as vitamins, of
which they are major providers.

Fruit and vegetables thus contribute to three essential
functions of the orgenism :

- structure and maintenance, by providing proteins, water
and mineral subtances 3

— energy, by providing carbohydrates and fats ;

- protection, by providing vitamins, mineral salts and
organic acids.

It is obviously not the aim of this study to examine
the nutritional role of fruit and vegetables in any depth. It
nevertheless seems pertinent to outline their main nutritional and
biological properties, and to indicate the extent to which they affect
the organoleptic properties of fruit and vegetables.

It does indeed seem that the substances which are the basis
of organoleptic sensation can also be major sources of nutrition, as
with sugars for example, or that their functions can be similar to
those of certain substances which have a mainly dietetic role to play,
such as carotene, vitamins, etc. ..... (12).
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. Water

Water is one of the main constituents of fruit and
vegetables, and has a particularly beneficial effect on the human
organism, At the same time, it serves as a carrier for the main
nutritional substances. Apart from the vegetables and fruit grown
for their s=seds, most of these products have a water content of
70 = 90 % of their total weight.

. Carbohydrates

Obviously, it is the sugars present in varying concentrations
in all fruit and vegetables that account for the major proportion of
the carbohydrates. They thus provide valuable energy, in the form of
simple sugars (fructose, glucose) which can be directly assimilated.
Their low calorific value makes them a highly valued element of
modern diets,

In addition to these sugars, one should algo mention the
nutritional value of certain constituents of the cell walls of fruit
and vegetables, namely pectins and cellulose, which can have a very

neficigl effect on the digestive and intestinal functions.

. Lipids

These substances, commonly known as fats, are present in
relatively small amounts in fruit and vegetables except in the dry
fruits grown for their seeds (almonds, walnuts, hazelnuts) and, in a
very few fleshy fruits such as avocados.

But their presence is nevertheless important, especially
as they are the carrier substances for the fat-soluble vitamins,

. Proteins

Nitrogen compounds, the basic factor in all human
nutrition, are found in relatively small amounts in fruit and
vegetables, except again in dry fruit and in the seeds of legumes
such as peas and beans,

However, the leaves of certain vegetables, especially
Brussels sprouts, contain far from neglible amounts of proteins, as
do potato tubers.



But although they cannot be described as rich in protein,
fruit and vegetables do satisfy about 10 % of human food requirements.

. Organic acids

Because of their interaction with bases to form orgenic
salts (malates, citrates, tartrates), the organic acids play an
extremely important role in the human diet.

In the human organism, the acid fraction of the molecule
is burned up by oXidation, and this liberates the alkaline component,
which has the particularly important property of balancing the
acidifying action of cereals and foods of animal origin.

For that readson, analysis often determine the ratio
of organic salts by measuring the alkalinity of the dry matter (13).

. Essential oils and pigments

These complex substances, which are often present in
very small amounts, are the basic components of aroma and colouring
in fruit § they are vitally important factors in nutrition, either
because of their direct contribution or beczuse they are precursors
or protectors of vitamins (14).

They thus fulfil the role of metabolic regulators.

. Vitamins
These compounds, which are indispensable for all animal
species and for man, who cannot synthesize them, are provided entirely
by fruit and vegetables.

Vitamins and sugars are incontrovertibly the most important
nutritional factors as far as the consumer is concerned. Fruit and
vegetables are a major source of the vitamins which serve to protect
the human organism j; they are rich in water-soluble vitamins, e.g.
vitamin C (ascorbic acid), which is abundant in many fruits and
vegetables (e.g. blackcurrant, strawberry, orange, cabbage, tomato,
turnip) (15).
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In the group of fat-soluble vitamins, vitamin A is
provided by carotene which is particularly abundant in apricots
oramges, tomatoes, cabbage, carrots, salad vegetables and legumes.

Vitamins of the B complex are important in carbohydrate
metabolism (Bl = thiamin j B2 = riboflavin ; PP = nicotinic amid),
their haemopoeitic action (folic acid) or im protein metabolism
(36 = pyridoxine). They are present in varying quantities in all
fruit and vegetables.

Vitamine B (anti-sterilitic) and K (anti-hemorrhagic)
are present in particularly large quantities in green vegetables
(spinash, c2bbage, salad vegetables).

«~ Mineral salts

The mineral sald$s present in fruit and vegetables are
very important for their alkalinizing effect. In this context,
the most marked characteristic of fruit and vegetables im the
presence of potassium and, at the same time, the almost total
absence of sodium.

Potassium as a stimulant of the myocard is one of the
most essential elements required by the human body. Phosphoric acid,
which plays a role in the retention of calcium, calcium itself,
magnesium, manganese or iron and copper are also not to be neglected,
particularly iron for the anti-anaemic role it gives to green
vegetables.

: Health and safety

The rapidly developing use of synthetic chemical
substances to combal pests and diseases has not only caused
difficulties over the past few years as far as the agricultural
environment is concerned, but has also raised the problem of the
direct or indirect effects of the residues present on fruits and
vegetables when they are eaten.

Multiple precautions are taken in the various Member
States to ensure the official registration of plant protection
products. These registrations were initially based on the high
toxicity of these products, and the permitted concentrations
reflected the various levels of toxicity.
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But there has been growing awareness, over the past
few years of the serious risks associated with the metabolites
resulting from the degredation of certain pesticides, which might
be more harmful than the product itself (e.g. DDT).

The dangers of acute toxicity are thus compounded by
the indirect effects, which are increasingly being taken into
account, so that many products which were formerly permitted have
now been prohibited.

The authority to use such products normally includes a
statement of the maximum permitted concentration, but their application
is also prohibited for a specific period before the harvesting of the
crop, depending on the degradability of the toxic substance consequent
upon exposure to rain and solar radiation.

The precautions thus taken by the main European countries
are intended to keep the toxic residues below a recognized threshold
of danger to human health.

But in certain cases, depending on methods of application,
or on climate, or sometimes even on the growers' ignorance of the
regulations, the stipulated concentration 1limits may be exceeded.

Also, over the past few years, the market has been
flooded with various products for the protection of fruit after
picking, either by immersion or by coating, and these are yet another
source of toxic residues.

That is why, in addition to the purely preventative
regulations which were initially imposed, there are now precise
definitions of the maximum permitted residues of the main products
which are allowed on fresh fruit and vegetables,

One may consider, therefore, that these new rules and
regulations are intended to provide an effective reinforcement of
consumer protection against the risks arising from the presence of
products that are hermful to health.

But chemical substances may not be the only hazards of
this type. In fact, certain parasites, such as the cherry fruit fly,
or many types of fungus can be the cruse of organic disorders, and
it should therefore be pointed out that the use of chemical substances
to eliminate these pests and infections is far from being only
negative as far as human health is concerned.

The solution lies, therefore, in the intelligent
exercise of control over the use of these substances.
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It is relevant to mention these problems in a study of
this type, devoted to the organoleptic properties of fruit and
vegetables, because it is becoming increasingly evident that
consumers whbd insist on gustatory quality are also very hygiene=-
conscious,

1.23 : Consumer perceptiom of nutritional qualities

The nutritional and hygient® qualities of these foods
can therefore encourage the consumer to eat fruit and vegetables
in the fresh condition, or they can have the opposite effect.

The various '"notions" that circulate among consumers
are often extremely vague and far removed from reality. Many
respondents to one survey on the quality of fruit were convinced,
for example, that fruiit could be "treated" with injections (7).

Toxicity is all the more feared because the severe
restrictions imposed on the use of chemical substances are not
well known to the public at large, and this fear inhibits consumers
from selecting natural products of which fruit and wegetables are
steadily becoming one of the few surviving representations in our
urban civilization.

The notions in the consumer's mind are rather complex :
there is a vaguéty symbblic association with the idea of nature,
which reinforces the desire for produce that has not been
interfered with, thus heightening the consumer's misgivings about
the presence of chemical substances.

The existence of this desire for the natural product
has resulfed in the abuse in recent years, of such terms as
"biological™ or "natural", which were often quite unjwstified and
even amounted in some cases to absolute fraud.

New regulations in most countries have recently clamped
down on the use of such descriptions. But it should not be forgetten
that the various aspects of hygiene can provide the basic motivation
for the purchase of fruit and vegetables, and that the health-giving
properties are increasingly associated in the consumer's mind with
the unique sensory pleasure to be derived from eating them.
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1.3 3 DEFINITION OF ORGANOLEPTIC PROPERTIES

AFNOR (16) has defined these properties as the
totality of the properties of a given food product, considered as
a stimulus of the various sensory receptors concerned, before,
Zuring and after its consumption, while CHEVREUL (17) was already
using the term in about 1860 to mean the properties perceived by
the sense organs.

TREMOLIERES (18) has pointed out that man does not
accept a sirictly rational code when feeding himself, and that
pleasure is the main impulse, He lists the alimentary senses
as vidual, olfactory, tactile, gustatory, digestive and general,
but the senses which identify foodstuffs, recognize them and recall
in memory the pleasure resulting from their consumption are oral,
visual, olfactory and gustatory.

The organoleptic properties therefore correspond
fairly closely with the impressions that are received orally.
This can be rendered by the term "flavour" (derived from the
01d French word "flaveur').

AFNOR has likewise used the term to define "the
totality of the sensations perceived by the olfactory organ, the
taste buds and the buccal cavity, including the tactile sensations,
chemical sensations and pain®.

1.31 : Tactile sensations

Under this heading we can group all the impressions
felt in the mouth when a fruit or a vegetable is eaten. These
impressions can be analyzed by means of rheology, the science
of the resistance to deformation and flow of visco-elastic molids
and viscous liquids when measurable forces are applied to them.

In practice, the perception of these phenomena (texture)

igs expressed by adjectives describing the flesh of fruit and
vegetables, such as :

tender, fine, melting,
as opposed to firm, coarse, granular or fibrous.

These impressions of cullular texture can be combined
with an appreciation of juice content and may thus be expressed in
terms such as :

crisp or jmicy

as opposed to pasty or mealy
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The consumer simultaneously appreciates the firmness
of the flesh, its structure and its juice content. This term
designates the amount of juice in the product, but it is often
employed to denote a complex combination of the three characteristics.

: Gustatory sensations

O0f the four primary tests perceived in gustation,
i.e. sweet, acid, bitter and salty, only the first three are
significant in the case of fruits and vegetables. The sweet and
acid tastes are of paramount importance, sometimes in association
with bitterness.

These sensations are registered in the mouth, by the
taste buds, but they are not perceived independently or objectively.

There is a clear dividing line between these primary
tastes, with no intermediate forms, because of the morphological
dissociation of the taste receptors. But certain interactions
can be observed (19).

The intensity of perception of sweetness or acidity
in the food depends on the concentration of cell sap responsible
for these tastes, but it also depends on their relative levels.
Thus, a fruit may appear to have a more acid taste for a given
concentration of acids if the sugar content is low. Conversely,
the perception of sweetness will obviously depend on the concentration
of total sugars, but the more the acidity is reduced, the more the
sensation of sweetness will increase.

Gradually, as eating habits develop, the taste becomes
more sophisticated and gets used to cettain types of balances
between the primary tastes. The result is a variation in the level
of gustatory pleasure which depends on the sugaq/acid relationship
and which can vary bedween individuals and from social group to
social group.

Bitterness of taste, which is rarely significant in
the staple fruits and vegetables, can be accentuated by the presence
of acidity or, on the contrary, partly masked by sweeiness.

Bitterness therefore dwnds to ocour in conjunetion
with acids to balance higher levels of sugar. Thus, these three
primary tastes, and especially sweetness and acidity, tend to
balance each other, but the optimization of taste depends at one
and the same time on the balance between the three and on their
relative concentrations. As PONCELET wrote in the 18th century
(20), the harmony between them must be as agreeable to the tongue
as music to the ears.
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For any given value of the sugaq/acid ratio, the taste
is considered to be better the higher the level of the two factors,
until an optimum concentration is reached, beyond which the taste is
considered too strong.

This optimum, which is variable according to individuals
and eating habits, is not even constant for a single individual since
he cannot appreciate it objectively.

In fact, these sensations depend to some extent on the
consumer's surroundings and physiological condition at the moment
of consumption. Appetite, for example, or a low temperature, can
give rise to a craving for kigh sugar contents. But the need to
perspire, which is often found in conjunction with raised ambient
temperatures, may give rise to a craving for higher acidity.

But these two manifestations of taste can also be
influenced by psychological factors. Xnowledge already acquired
(i.e. our recall of previous acts of consumption), or indeed visual
impressions (especially of cotours) may modify the perception of
taste,

Thus for example, greeneds in fruit is generally
associated with acidity, while yellow pigmentation is generally
associated with sweetness of taste.

The terms of reference for this report do not extend
to a detailed study of these interactions with their subjective
connotations (e.g. childhood memories), or simple digestive causes,
but it nevertheless seems pertinent to emphasize their importance
and the need to take them into account in the elaboration of tests
for quality.

s+ The olfactory sensations

The sensations perceived by the olfactory organ, in the
presence of fruits and vegetables, can be classified under two
very distinct headings :

~ Odour or scent, perceived before the product is consumed, from
outside the body by nasal inhalation, depends on the amounts of
the volatile constituents escaping through the epidermis and the
cuticle of the fruit,

In the case of certain fruits, this scent may be highly developed,
as in peaches, strawberries and melons. In other fruits and in
most vegetables, it can often be extremely weak.

-~ Aroma, by contrast, is perceived during the action of eating the
product, by exhalation through the nose of the combination of
volatile compounds liberated at that instant (21).
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To the constituents of scent are now added the products
liberated by the crushing of cells, by the immediate enzyme action
in the saliva and by the temperature of the mouth.

The perception of aroma is extremely complex and

difficult to analyze objectively, mnd it is often associated with
the perception of taste proper.

: CONCLUSION : COMPLEXITY OF THE CONCEPT OF QUALITY

The organoleptic properties can thus be seen as a
complex combination of olfactory, tactile and gustatory sensations,
in which it is difficult to isolate the various components. The
complexity of the concept is increased, in the ocultural environment
in which we live, by our recall of past visual and psychological
sensations, which cause us to treat appearance and colouring as
indicators of organoleptic or nutritional quality.

It is this complex combination of proper.ies which
determines the pleasure derived from eating (and subsequently
digesting) a particular fruit or wegetable, and it corresponds,
as far as consumers' expectations are concerned, with the notion
of overall quality (22).

This clearly reveals the very limited exteht to which
the expectations of consumers will be met by the application of
any definition of quality that is based on the parameters of
external appearance alone.
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2 — DETERMINATION OF THE MEASURABLE STANDARDS OF ORGANOLEPTIC
QUALITY AND DEFINITION OF THE METHODS OF MEASUREMENT

Objective methods can be used to analyse the roles of
the main components and to determine the relative weight that
is given to each component when assessing overall quality. It
is thus possible to lay down objective standards for measuring
the intrinsic gquality of fruit and vegetables.

2.1 : THE BASES OF SENSORY EVALUATION

One must begin by defining the methods adopted for the
objective analysis of consumer opinions and for the subsequent
determination of the relationships which may exist between
these and the main components, either separately or in
combination.

2.11 : Methods of analysis

The methods of sensory analysis applicable to fresh
fruit and vegetables are based on the tasting, by a consumer
panel, of products exhibiting one or several characteristics
(variety, maturity, origin, etc....), followed by research
into the possible relationships between the value judgments
of the panel and the relevant measurable standards.

One must then check the relationships observed, by testing
the consumers with products selected on the basis of the standards
adopted, so as to make sure that they are easily identifiable.

-~ (Composition of panels

Experience has shown (24) that taste panel members must be
selected and trained for the purpose. In fact, a group of »ersons
selected strictly at random can only give satisfactory resulis if
the group is very large. Otherwise, some individuals do not find
it easy to understand all the questions put to them and others
experience difficulty in analyzing their sensations, in identifying
them and in expressing their reactions.
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It is therefore preferable to use a smaller number of
panelists, but to make sure before commencing the tests that their sense
of taste is acute and that they are capable of analyzing their impressions
of taste.

Prospective panelists are therefore screened for their
ability to identify the four primary tastes by the presentation of aqueous
solutions of control substances of a given concentration.

They are then tested for their threshold of identification
of the primary tastes.

In fact, for fruit and vegetables, this second series of tests
can be limited to the two tastes, sweet and acid, which are really abundant
in these products.

Various norms for the determination of acuity of taste have
already been published, notably by AFNOR (25).

As far as testing schedules are concerned, it is best to
impose a unity of time, place and action, so that all the panelists work
in identical conditions, and it is generally agreed that mid-morning (10 -
11 a.m.) is the best time.

To exclude the possibility of panel members influencing
each other's decisions, each judge is given a separate tasting booth in a
purpose-designed room.

In practice, good results can be obtained with properly
trained panelists in an ordinary room, as long as panel members avoid
communicating or showing their reactions.

The main difficulty as far as fruit and vegetables are
concerned, and especially for fruit, is that of presenting tasters with
samples that are sufficiently homogenous and representative of each batch
being tested. It thus seems often to be more efficient to present the entire
sample consisting of a number of units, and to get individual tasters to test
several units from a given sample.

— The parameters of assessmeni employed by taste panels

can be divided into three categories : absolute, comparative and preferential

(26).



- 27 -

Por absolute judgments, a list of criteria for selection is
imposed, and panelists have to relate their assessment to it. The method
is relatively difficult to apply, because it can result in a rather wide
spread of scores unless the tasters are requested to isolate only a single
characteristic.

Comparative judgments lead to ranking. The idea is to
classify several samples of fruit in relation to a fixed criterion, so that
each sample is ranked in relation to the set of samples.

Preferential judgments can be based on appeal to concepts of
sensitivity to, acceptability of or preference for a given attribute, and are
necessarily expressed in terms of a scale of values.

For this purpose, panelists may be asked to record their
assessment of a given characteristic according to a numerical scale, or they
may be provided with a list of descriptive terms and requested to place a
mark against the term considered to be most applicable to the sample.

The results can be numerically analyzed with the aid of a
prepared scale on which the linguistic terms are each given a numerical value.

This last method would seem to have certain advantages in the
case of fruit and vegetables, because it avoids undue spread of the numerical
values consequently assigned.

—- Analysis of data

Various statistical methods are available (27) for
analyzing the data gathered from taste panels. The aim is to bring
together the results of one or several tests, and to express them in
tabular or numerical form.

The methods adopted must therefore include some means of
determining the consistency and homogeneity of the value judgments expressed
by the panelists.

Two types of statistical method can be used, depending
on whether there are only two samples or more than two.



If two samples are used, it is possible to carry out
paired identification or comparison tests, by asking the panelists which of
the two samples exhibits a given characteristic or in which sample the
intensity of the characteristic is more marked, or else triangle tests can
be applied, by presenting three samples in which two are identical and merely
asking the panelist to identify the odd sample or compare the three.

In the case of fruit and vegetables, the two-sample
techniques are mainly used for checking the results already obtained.

Although more complicated, the multiple sampling techniques
are those which are most frequently applied to fruit and vegetables.

The optimum number of samples for presentation to a
taste panel would appear to be six, and eight should be a maximum. Beyond
that point, the panelists' judgment becomes less acute and they may experience
difficulties in separating samples with fairly similar characteristics.

Various statistical tests can be applied to check the
significance of the results obtained by the panel. The Chi squared test (as
proposed by Friedman) (28) is the easiest to apply, and gives good results
for panels with a minimum of fifteen members.

This test can be used for checking the reliability of +the
entire testing procedure, and if the result is significant the significance of
the scores achieved by the different samples can then be tested pair by pair.

It is then possible to place the samples in series showing the
significance of differences in the testers' scores.

One of the difficulties lies in matching the results of tastings
by different panels or those carried out by the same panels on separate
occasions.,

One way round this difficulty is to introduce one or two controls,
to which constant values are assigned, into each series of six or eight samples.

Differences between sample scores and controls can then be
expressed as a percentage of the average (difference), so as to establish the
relationship between the different tastings.
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This system only gives good results when sufficiently homogenous
lots of the products are available as controls and if the range of variation
in quality of the various lots submitted for evaluation is also constant from
one tasting to another. Otherwise, the scoring of the samples can be
influenced by the presence, in any series, of samples which are particularly
good or particularly bad.

Properly trained panelists can be asked to give an absolute score
to each lot and then to relate the lots to each other by comparing the scores
obtained.

To correlate the qualitative results of tastings with the numerical
results of the various analyses of fruits from the same lots, one can compare
the analytical values with the scores provided by the tasters. The standard
statistical procedures for calculating simple or multiple correlations can then
be used to compute the variance ratios (Fisher's F-test) and/or the
correlation coefficients.

- Verification of results by consulting consumers

The significance of the various objective tests can be established
by analyzing the correlation coefficients, and it can then be checked
whether the fruit and vegetables rated according to these tests are found by
the taste panel or consumers to be classified in a similar order.

A sample group of consumers can be used for the test, and the
method of testing will be that of duo-trio difference tests.

But consumer preferences can also be ascertained by test marketing
This is done by offering the products for sale with an informative label and
measuring the preference expressed by consumers in terms of the quantities of
the product sold in the different quality ranges, and it is also possible to
vary the differences in price between an ordinary quality and a selected
quality so as to find out the difference in price that is acceptable to the
consumer once the difference in quality has been recognised.

A test market of this type has already been successfully
carried out in France, with Golden Delicious apples. (8).
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One can also supplement this quantitative information by
opinion surveys at the point of sale among the final buyers of the
product, thus adding further comments on quality to the statistical
information already gathered.

: Firmness and flesh texture

The texture of any particular food is that combination of the
characteristics of its solid state (or rheological properties) which contributes
to the sensations provoked by eating it (29).

~ Biochemical developmenti of the tissues

The texture of fruits and vegetables is directly influenced by
the thickness of the cell walls and their cohesion, which determine the
rigidity of the vegetable tissues.

This rigidity depends on the development of the pectin compounds
which impregnate the cell walls,

In immature fruit, these substances are present in the form of
insoluble protopectins which bond the cells together.

As a result of enzymatic processes, these protopectins are
transformed into soluble pectins which then form colloidal gells bhetween
the cell walls enabling the cells to slide against each other.

The texture of the fruit then becomes soft, and even melting,
as a result of the disintegration of the cell walls (30).

In practice, therefore, the development of the pectins is
reflected in lessening firmness of the tissues, so that the measurement of
firmness is an objective method for evaluating texture.

But certain vegetables whose roots or leaves are eaten, and
sometimes certain fruits, may also be subject to lignification, so that the
products develop a fibrous texture which does not mature as advantageously,
but tends to harden as the tissues age.

Finally, in certain fruits, certain cells can harden through
the accumulation of mineral substances, especially calcium, and form
granulations which remain hard throughout the process of maturation.

This deterioration is frequent in certain varieties of pears.



-~ Methods of measuring texture

Texture is in fact the end product of rather complex phenomena,
but because the main characteristics of texture develop concurrently a
simple measurement is all that is required (31).

As far as fruit is concerned, the most characteristic
indication of firmness may well be obtained by quantitative analysis of the
pectins, but this is quite a complicated process. Hence the preference for
physical tests, which mostly consist in the evaluation of flesh firmness.

These physical tests can be carried out empirically or they
may take the form of rheological tests carried out in the laboratory (29).

The aim of the empirical tests is to reproduce the movement of
the teeth in penetrating or crushing the product. As they always destroy the
product they have to be conducted on a sampling basis.

The simplest method consists in measuring the firmness of the
tissues with the help of a dynamometric apparatus known as a penetrometer.

This apparatus measures the force required for penetration
of the flesh of the fruit or vegetable by a metal oylinder of a fixed length
with a flat head of fixed cross section.

Various mechanical devices have been perfected for the purpose.
They are of two different types, but the results are fairly similar. In the
case of the Magness-Taylor penetrometer, developed in the United States, the
force required for penetration is indicated on a dial : in the linear models
used in France (Bellevue or Dupaigne models) it is shown by a sliding
indicator on a graduated scale.

These different models normally use a head of identical section
(0,5 cm ), and in that case give comparable results.

This equipment is handy for use in the field or the packhouse.
One of the snags is that measurements may vary with the skill of the user.

Similar methods are used in the laboratory, but the penetrating
movements and the forces required for penetration are electrically controlled.
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Tests involving the compression of a cube of flesh of measured
dimensions, or the measurement of the force required for shearing are also
carried out in the same conditions and of course these give more precise
results than are obtained by manual measurement ; but they require complex
equipment which can only be used in the laboratory.

Because the rheological tests do not usually destroy the product
they can be used in practice to test the quality of an entire Dbatch.

Such equipment has been developed in the United States and is
currently being studied by various European makers, with a view to the total
mechani zation of grading operations based on the firmness of the product.

This equipment applies different physical principles, either by
measuring the transmission of vibrations through the whole fruit or vegetable
(32), or by measuring the correlation between the biochemical composition of the
tissues and their rigidity, which affects the transmission of light through the
product (33).

In addition, the parallel development of external colour and
ripeness in fruit means that sorting methods can be based on the reflectance
properties of the skin (285) or on the presence of bruising (286).

: The biochemical components of flavour

Sugars and acids are the main substances responsible for the gustatory
sensations perceived when consuming fruit and vegetables, to which may be added,
to a lesser degree, the effect of substances with an astringent quality, such as
tamnins or more rarely alcaloids or phenolic compounds which give a bitter taste.

213,1 - Sugars

Carbohydrates are the basis of the entire metabolism of plants
because they are the only substances which are directly synthesized in the leaf
by photosynthesis.

They therefore play an essential role in the formation of the
other constituents, including not only the organic acids which result from the
oxidation of sugars but also the aromatic substances.
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Sugars are classed in two main groups :

Simple sugars (monosaccharides), which are directly absorbed
by the organism, and idisaccharides which are transformed into simple sugars

by hydrolysis.

~ The simple sugars present in fruit and vegetables are still
called reducing sugars, by reference to their capacity for reducing FEHLING's
solution, which was the traditional method of analysis. The main simple sugars
in fruit and vegetables are glucose (or dextrose) which is abundant in certain
stone fruits and in grapes, as well as in carrots, and fructose (or levulose)
which is predominant in fruits with pips.

These two sugars are generally found in association, but the
proportions vary greatly, and it should be emphasized that fructose has almost
twice the sweetening capacity of glucose. Maltose produced by the hydrolysis
of starch is rather rare in fruit, but it is sometimes found in relatively large
concentration in carrots (34).

—~ The disaccharides are mainly represented in fruits and vegetables
by sucrose, and by starch.

The sucrose accumulated in vegetable tissues can be regarded as
constituting a reserve. The level of sucrose increases substantially on the
approach of maturity. Its sweetening capacity is midway between that of
glucose and fructose, and it would not appear to play any special role in
this context. However, its presence is often considered important for
the flavour of a product, and in most cases this is probably because it is an
indicator of the biochemical activity which precedes maturation.

It can be almost totally absent from certain fruits such as
cherries, grapes and tomatoes, or it may be present in varying proportions in
association with reducing sugars, either in lesser quantities as in apples and
pears or in equal or even greater concentration than simple sugars, as in
carrots and certain varieties of peaches.

Relative sweetness of different sugars

Fructose 1.73
Sucrose 1.00
Glucose 0.74
Xylose 0.40
Maltose 0.32
Galactose 0.32
Lactose 0.16

source ¢ J. LE MAGNEN
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Starch constitutes a reserve. In fruit it is only present
when the product is immature, but it is always present in potatoes.

The starch content of fruit may thus be taken as a criterion
of immaturity, whereas the starch content of potatoes is the very basis on
which they are graded for quality.

In addition to the sugars, certain fruits also contain
related carbohydrates, especially sorbitol, which is present in limited
but far from neglibible amounts in apples and more particularly in pears
and cherries.

Sorbitol does not seem to play a role in flavour, but it is a
significant component of the total soluble matter measured by refractometry (35).

The fact that it disappears in the course of maturation would
seem to indicate its transformation into glucose by oxygenation (30).

* Methods of measurement

Many methods, of varying reliability, can be used +to determine
the sugar content of fruits and vegetables.

The most simple procedure makes use of the polarizing capacity of
solutions of sugars to provide an instant measurement of the soluble dry matter
content of such a solution by means of an optical instrument known as a
refractometer (36).

This percentage of soluble solids is very close to the
percentage of total sugars. Conversion tables have been established for
certain fruits.

When expressed in percentage terms the refractometric reading is
called the refractive index. It is a reliable indication of total sugar content.

To determine the levels of the different sugars present in fruits and
vegetables rather complex laboratory methods are required, but now that
automated equipment is available these analyses can be carried out in series.
Colorimetric measurements can be made, based on the reducing capacity of simple
sugars, and the degree of correlation varies according to the sugar content.

The procedure for measuring sucrose content is to calculate by
difference, by promoting the inversion of this substance to simple sugars.
The difference between the pre— and post-inversion readings is a reliable
indication of the sucrose content.
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The exact quantities of the various sugars present in fruit
can be determined by chromatography.

Starch content can also be determined in the laboratory by the
enzymatic method, the starch being transformed into glucose following dispersion,
the glucose then being measured by spectrophotometer. But a more simple
method is to calculate the specific gravity ; this form of rapid quantitative
analysis is sufficiently precise for measuring the dry matter content of
potatoes (37).

This method can also be used for fruit (38), but in this case the
refractometric measurements give more precise results.

On the other hand, one can estimate the amount of starch in fruit,
as a test of immaturity by cutting the fruit equatorially and by daubing the
flesh with a solution of iodine. The parts of the fruit containing starch then
turn dark blue in colour.

213.2 - Acids

Fruits and vegetables contain mainly organic acids, while the
mineral acids are only present in very small quantities.

Part of the organic acid content takes the form of salts with
different cations.

When measuring acidity therefore, a distinction is made between
the free acid, which corresponds to the titratable acid and the total acidity
which includes both the free acidity and the fraction present in the form of
salts as measured by the alkalinity of the dry ash.

The sensation of acidity is mainly attributable to the ionic
acidity measured by the pH, and thus depends on the relationship between the
titratable acid and the alkalinity of the dry ash (13).

The concept of acidity can thus be seen to be rather complex,
both in terms of its expression and in terms of the methods adopted for
measuring it, so that it is very important to specify the type of acidity in
question and the method of quantitative analysis adopted if one is to be
able to compare the various products.
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The acidity of fruits and vegetables is mainly attributable to
three organic acids :

- Malic acid, which is particularly abundant in fruit, especially
in pears and apples, from which it draws its name (apple tree = Malus domestica);

- Citric acid, also present in variable quantities in all fruits
and particularly abundant in citrus fruits, tomatoes and certain stone fruits
(peaches, apricots);

- Tartaric acid, which is not so common as the other two acids
and is chiefly to be found in grapes.

In addition to these main acids, many others are to be found,
often only in traces ; but they may have an important role to play in the
gustatory quality of certain fruits and vegetables,

A case in point is succinic acid, which is only present in small
quantities in apples and cherries, but which constitutes the main component of
the acidity of carrots (34).

Oxalix acid, which is mainly present in the form of salts (oxalates),
is particularly common in young fruitlets. The levels of this acid fall as fruit
ripens, but in certain vegetables (beet, spinach) it accumulates in the leaves in
the ageing process. Salicylic and quinic acid are among the many others which are
commonly found in fruit and vegetables.

All these acids, and especially the first two, are present in
varying degrees of concentration depending on species and variety.

The balance between the malic acid content and the citric acid
content is considered to be a key element in the sensation of acidity
perceived by the consumers.

Thus, for example, citric acid is dominant in tomatoes and certain
varieties of peaches and apricots, while malic acid is overwhelmingly dominant
in apples and pears,

The sensation of acidity of malic acid is generally considered to
be more persistent than that of citric acid (39). On a weight for weight basis,
therefore, this sensation should be stronger with fruits which mainly contain
malic acid. But the proportion of the total acidity which is present in the
form of salts is more often than not greater when malic acid is dominant than
when there is a preponderance of citric acid. In those conditions the ratio
of titratable acidity to alkalinity of the ash approaches unity or even falls
below that value, the pH rises and the sensation of acidity is thus in reality
weaker (13).
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Malic acid also deteriorates more rapidly as a result of
oxidation, whereas citric acid seems to resist the effects of the respiratory
activity of the fruit over a more extended period. The result is that the acid
content of fruit in which citric acid is dominant, falls more slowly after
picking. Thus, although the acid taste of malic acid is more persistent than
that of citric acid, most of the fruits in which the latter is dominant are
nevertheless perceived as more acid, because they contain more free acid and
because the decomposition of the acids as a result of respiration takes longer
to occur after picking.

The quantitative analysis of the amount of free acid present can
be carried out by neutralizing a given volume of juice with a caustic soda
solution in the presence of coloured indicators. For colourless solutions,
the standard indicator is an alcoholic solution of phenolphthalein, which
changes from colourless to carmine red when the solution reaches pH 8.2 or over.

The electrometric measurement of pH is a direct method of
determining the hydrogen ion content of fruits or vegetables but the pH of
these products varies within fairly narrow limits and can only be precisely
measured by sophisticated equipment which is difficult to use in everyday
conditions.

There is however, a very simple way of measuring pH, by means
of papers impregnated with coloured indicators, to find out rapidly if the
juice of a fruit is above or helow a certain pH value. This may be a fairly
crude classification, but it is nevertheless useful, particularly in the
rapid selection of new varieties of fruit obtained by hybridization (40).

Total acidity can be determined by summing the alkalinity of the ash
and the titratable acidity. The ash is obtained by firing the dry matter, and
the alkalinity is measured by the amount of acid necessary to dissolve the
carbonates thus obtained.

213.3 - The SugarZaoid ratio

Sweetness and acidity, as perceived by the organs of taste, may
balance each other. The development of these two components, and the balance
between the two, are therefore vital aspects of the gustatory quality of
fruit and vegetables as perceived by the consumer.

Internally, a given fruit or vegetable will show an increase in
the one component as the other decreases.
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The carbohydrates increase slowly in the early stages of
growth of the fruit, by the accumulation of simple sugars and the formation
of starch, but then the starch content begins to decrease, and this decrease
corresponds with a rapid increase in the sugar content. As the fruit approaches
maturity the proportion of sucrose increases,

At the same time as this development is taking place, it has been
observed that the rate of respiration of the fruits gradually falls between fruit
set and picking. But in certain species the rate of respiration suddenly picks
up again for a short period as maturity approaches in what is known as the
climateric crisis, in the course of which the fruits produce ethylene, which
plays a key role in triggering off the ripening processes.

When this climacteric crisis takes place, there is a rapid fall in
sucrose, but the level of total sugars remains stable.

The acid content increases rapidly at the fruitlet stage, soon
reaches a maximum and then falls at a steady rate throughout the growing period
- of the fruit. This regression also continues after picking if respiration is
not slowed down by controlled storage.

Over time, therefore, the sugars steadily increase and the acids
steadily decrease, It may therefore be said that the sugar/acid ratio steadily
increases, so that its value at a certain point in time will be right for the
consumer to feel that the flavour has become agreeable.

The achievement of this balance is a sine qua non of quality:
if it is too low, the flavour is held +to be over-acid, but if it is too high,
the flavour is considered to be sugary or too sweet.

If, instead of concentrating on the development of sugars and
acids in a single fruit over time, we consider their relative levels in fruits
picked from different trees at the same stage of development, we can observe
in general that higher sugars tend to coincide with higher levels of acidity.

In practice, therefore, it can be assumed that total acidity and
total sugars in fruit can rise or fall in parallel, depending on climatic or
cultural conditions (41).
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Assuming this to be so, one can record comparable sugar/acid
ratios, although the individual values of both terms may be different. In this
case, the higher the concentrations of acids and sugars, the more acceptable
the consumer will find the flavour perceived.

Consequently, if the sugar/aoid ratio is a basic test of the
quality of fruit, this grading process depends above all on the sum total of
acids + sugars when the ratio has attained a certain value. The reader is
reminded, however, that the acceptability threshold for this sugar/aoid ratio
not only varies between individuals but also varies according to the
individual's physiological condition and eating habits.

21}.4 - The phenolic compounds

The phenolic compounds present in fruits and vegetables include
pigments (flavonols, anthocyanins) whose role in flavour formation would appear
10 be very limited ; but they also include the tannins responsible for the
agstringency of certain fruits and vegetables.

These tannins, which are particularly abundant in certain fruits
such as medlars, persimmons and bilberries, for example, disappear when the
sugars accumulate, particularly as maturation approaches.

They are also responsible for the browning of the flesh after
damage suffered by fruit and vegetables in the course of packing or transpor-—
tation., Tannins therefore play a double role, as far as quality is concerned,
because they change the appearance of the products by registering any bruising
that may occur and they also influence the gustatory quality of the product
by the astringency they impart to the flavour.

The extent to which they are present would appear to be related
to the presence of pectin compounds, and tannin content therefore depends
on the date chosen for picking.

It has been shown, particularly with peaches, that when the
fruits are picked unripe the regression of the tannins does not occur after
picking as it does in the fruit which remains on the tree (42).

213.5 - The nitrogen compounds

The nitrogen compounds in the form of amino acids have an
important role to play in the composition of living matter.



They are mainly formed in the young tissues at the beginning
of their growth, but their formation in fruit is also reactivated at the
time of the climacteric crisis, because their systhesis depends on the rate
of respiration.

Increasing importance is being attached to the role of amino
acids in the gustatory sensations, e.g. aspartic acid and glutamic acid
(43), which are particularly abundant in carrots and tomatoes, in which
their presence has already been indicated (44).

- The components of aroma

The sensation of aroma is more complex than that of taste, both
for the number of substances involved and for the way in which they are
synthesized.

214.1 -~ Formation of aromas

The synthesis of the volatile compounds which form aroma is
affected by the same external factors, as are the major constituents of
fruit and vegetables such as sugars and acids, etc....

The processes leading to the development of aroma can be
divided into three types (19) :

-~ continuous production, generally by secretion of aromatic substances
through the glands to be found in the leaves of herbs such as thyme and
bay and also in the leaves of carrots and French beans.

In this case, the aroma secreted by the young organs is identical to the
aroma secreted at the end of the growing period.

~ production of the aroma at a particular physiological stage, as is generally
the case with all fruits.

In this case, the formation of the volatile substances depends on a
number of physiological processes which begin when the fruit starts to
ripen, as revealed by the regression of chlorophyll, the accumulation of
sugars and the softening of the fruit as a result of the transformation of
the pectin compounds.
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— synthesis of aroma at a later stage, independently of the plant, as the
result of an enzymatic process when the cells are crushed in the mouth.
This applies in particular to the vegetables used for seasoning, such as
the onion, garlic or mustard. In this case, the aroma exists in the
product only in the form of precursors.
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214.2 ~ Methods of identification and quantitative analysis

The main constituents of aromas can be separated and identified
by gas chromatography. The results are expressed in a graph known as an
aromagram, the successive peaks of which are an indication of amounis of
the different substances present, as they are successively separated by
distillation.

The aromagram reveals the whole range of aromatic substances,
starting with the most volatile products and ending with the heaviest.

Long lists of volatile products can thus be established, and
it is difficult to pinpoint those which are the most representative of the
aroma whose characteristics are being determined. The chromatogram can only
serve to differentiate, whereas the olfactory organ is an integrator (45).

The method of odour description which consists in impregnating a
filter paper with each substance at the time of emission and then attempting to
recognize the aroma by sniffing is extremely empirical and subjective.

It has recently become possible, with the aid of the computer,
to obtain a simultaneous graphical comparison of several aromagrams, but the
qualitative assessment and more particularly the quantitative analysis of
the volatile products which really contribute to the sensation of aroma is
still a difficult matter.

The various volatile substances can be precisely identified by the
techniques of chromatography and mass specirometry applied in linked sequence.

The problem is then to distinguish between the products which are
specific to the aroma being analyzed, and those which are not. The major
components are often not particularly significant, because of their high
perception threshold (46), whereas certain substances that are present in
very low concentrations may have a significant effect on the characteristic
aroma of a given variety.

The arcmatic substances are therefore a field in which the state
of scientific knowledge is not improving very rapidly, because of the extremely
complex methods exployed, especially as far as practical applications for the
selection of fruits and vegetables are concerned.

Certain specific substances have been shown to be particularly
important, either because they are highly characteristic components of the
aroma of certain fruits and vegetables or because they can serve as
quantitative indicators of total aroma.
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Thus, in the case of William pears, a connection has been traced
between aromatic concentration and the presence of a particularly characteristic
product (trans : 2 - Cis : 4 decadienoic acid).

The coincidence of formation of decadiencate with the climacteric
phase has been demonstrated (47).

As it can be quickly determined by spectrometry, the level of
concentration of this substance can be used for following the changes in the
product which occur during the industrial processing of this variety of pear,
which is much used in the canning industry.

In peaches, the lactone group of compounds, and especially gamma
decalactone, have been identified as significant components of the aroma, but
other volatile compounds must also be involved.

In apples, two main groups have been observed :

— +the group in which the aromagram is dominated by esters, as in such
varieties as Cox's Orange Pippin, Jonathan or Golden Delicious;

- a second group, in which alcohols dominate, as in the different varieties of
Reinette (46).

214.3 -~ Methods of capture

Because the volatile substances undergo rapid changes, either in the
product on maturation or as a result of the crushing of the cells in the mouth,
the methods employed to capture these substances prior to their chromatographic
analysis can have a major influence on the resulting aromagram.

These methods of capture can be divided into two groups : those
which leave the fruit intact and are based on the collection of evaporated gases
and those which involve the collection of volatile products by extraction after
crushing (48).

Ripe fruit can be placed in a closed atmosphere, and direct samples
of the volatile products can then be taken by means of a gas syringe.

It is also possible to concentrate the volatile products
in a cold trap, to obtain an essential o0il, or to proceed by adsorption
on activated charcoal followed by desorptiion by heating under vacuum or
extraction with various solvents.



PAILLARD (49) has developed a simplified method of salting out
the volatile compounds with various salts and sulphates of ammonium anhydride
from pieces of fresh fruit frozen in liquid ammonia and then crushed.

This only reveals the major constituents of the aroma. But one
advantage of this technique is that small samples are quite satisfactory,
whereas far larger quantities of the product are needed for the adsorption
method of analysis. Nor is it possible to obtain a valid chromatogram by
sampling the gas in the headspace around the ripe fruits.

2.2 : NON-DESTRUCTIVE TESTS

The non-destructive tests which are the first stage in the
qualitative selection of fruit and vegetables can provide an indication of
quality which may then justify the application of techniques of a more
sophisticated and more destructive nature, and they can also facilitate
the grading of .the product.

By their very nature fruits and vegetables are a collection of
individuals j it is necessary to determine their variation round an average
with a maximum degree of precision. That is why, from a practical point of
view, the non-destructive tests can serve a very useful purpose.

These tests can be based on entirely empirical observations,
mostly of a visual nature (colour, form) which result in subjective judgments.

Through the application of modern techniques we are steadily
reducing the risk of subjectivity and increasing the objectivity of the
non—-destructive tests of colour, firmness, etc. But all the non-destructive
tests which are based on the external appearance of the fruit depend
primarily on the variety, precisely because the parameters adopted are those
which are used for defining the varietal norm. In addition, certain
criteria such as colour or form can be considerably influenced by natural
conditions, and particularly by climate.

It must therefore be made clear from the outset that the
non-destructive tests which are based on the appearance of the product are only
valid for fruits of the same variety grown in the same climate under
identical cultural conditions.
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This means that although one can assess the quality of the product
by means of visual criteria, the tests can only be applied with complete
validity to successive batches of the product from the same parcel of land.

This confirms the utility of visual tests for the grading of
fruit but it also confirms their limitations in this respect.

s Colour

Assessment of the colour of fruit and vegetables is one of the
commonest non—-destructive tests, because colour is closely linked with quality
in a variety of ways.

221.,1 - Colour in fruit

Colour always appears at a late stage of development and coincides
with the biochemical changes which are characteristic of maturation. This
process involves two interrelated hbiological processes : on the one hand
chlorophyll diminishes when ethylene is produced, so that the green colour
disappears or at least becomes paler, while on the other hand there is a
process of accumulation of yellow or red pigments (carotenoids or anthocyanins),
depending on the nutrients available to the fruit and on climatic conditions.

The two phenomena combine to produce a certain intensity of colour
that is typical for the variety, and at the same time they ensure its uniformity.

One should therefore distinguish between two methods of
appreciating the colour of fruit, one of which mainly involves the disappearance
of the green colour, which can be observed by noting the basic colour of the
epidermis, while the other may involve the appearance of highly coloured
patches resulting mainly from the presence of the anthocyanin pigments which
determine the development of colours varying from red—orange to deep red.

The basic colour depends mainly on the biochemical changes which
accompany maturation, whereas the intensity of pigmentation of the more highly
coloured patches is very greatly influenced by the climatic and nutriticnal
factors (50).

A very close correlation has often been observed, between the
colour of the epidermis or the flesh and the amounts of sugars present.



Thus, for example ¢

eess In Golden Delicious apples, there would appear to be a
close correlation between the intensity of the yellow pigmentation in the
epidermis of the ripe fruit and the total sugars (51), depending on the
amount of light received by each fruit. Colour and sugars vary in the same
direction (35).

But different sugars have different effects, as far as
pigmentation is concerned. Fructose and glucose have a high and constant effect
on coloration, whereas the effect of sucrose increases as the season advances.
A generous supply of calcium has also been shown to have a beneficial effect
on colour, and a synergistic effect has also been noted, in that sugars and
calcium together produce a more intense coloration than is provided by the
sum of their two separate effects (52).

The ' colour of the flesh, which is due to the complete
disappearance of chlorophyll, is an even more characteristic criterion
of the intrinsic quality of fruit, especially in the case of those which are
naturally highly coloured (53).

In peaches, the rapid development of colcur closely coincides
with the phase in which sucrose accumulates, and with the commencement of
biosynthesis of aroma.

The area and intensity of red pigmeniaiion therefore
provide a fairly precise indication of the ripeness 2f the fruit (54).

As in apples, the colouring of peach flesh is also related to
maturation and to the amounts of sugars present (55). But it is important
1o remember the extent to which peach colour can be affected by latent viruses
which can cause the colour to be less uniform and ihe epidermis to
be less regular than in fruits from healthy clornes (2},

In pears, the effect of the chemical composition of the fruits on
their colour is partly masked by the natural zreeness of many varieties,
which may be accompanied by a marked russeting of the epidermis, as in the
Conference and Passe-Crassane varieties for example.

Colour is nevertheless a good indication of maturity and quality
in pears (as in apples) for those varieti=s which develop a pale yellow
epidermis on maturity (56). In the same way, the presence of red-pigmented
patches can also be taken to be an additional indicator of quality.



esss In melons, the regression of the green pigmentation of
the epidermis is considered to be a criterion of maturity ; in addition,
in all varieties of melons, the internal colour of the flesh can be treated
as a sign of quality.

seve In fomatoe:, the appearance of the red colouring is a very
clear indication of maturity, and the homogeneity and intensity of the red
pigmentation are related to the amounts of sugars present (57).

221,2 — Colour in vegetables

In the case of vegetables other than those grown for their
fruits, colour can also be used as a primary indicator of quality.

In carrots, the carotene content is obviously correlated
with the intensity of the orange-red colour of the root. In the case of
salad crops, and especially in lettuces, a slight change of intensity in
the green colour, tending towards a paler shade, is a clear sign of what
the French call "un bon stade de maturité".

By contrast, the presence of excessive yellow pigmentation
is held to be an indication that the vegetable has reached an advanced
state of maturity

221.3 — Methods of measuring colour

Subjective methods based on personal expertise have been used
from time immemorial to assess the ripeness of fruit on the basis of colour.

A few years ago, a first attempt was made to codify these
methods by the use of special charts showing the typical colours of Golden
Delicious apples at the different stages of maturation.

These charts are in the form of panels, covering the whole
range of shades between dark green and yellow, and are very widely used in
the trade in this variety of apple within the European Community (58).

As far as laboratory work is concerned, equipment has been
available for several years for measuring both the external colour of the
fruit and the internal development or regression of chlorophyll in the flesh.

Mechanical sorting equipment based on the same principles,
has also been developed, and has now reached the stage at which it is possible
to consider installing such equipment in packing stations, with a view to
sorting fruit on the basis of several different intensities of pigmentation.
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This equipment is based either on the measurement of the
degree of reflectance of the external colour of the fruits, especially in
tomatoes and peaches (59), or on measurement of the optical density to
determine the chlorophyll content of the flesh (60).

— Morphological criteria

The relationship between form and appearance in fruit and
vegetables results from the close connection between their harmonious
development and the nutritional factors which determine their intrinsic
quality.

221.1 — Form

The first point to be stressed about the external form of
fruit and vegetables is the fact that it is constant for each variety.

This outward appearance may nevertheless be influenced by
climatic factors, which may cause a certain amount of variation in quality.
Hence the need for strict definition of the norms for each variety and
each cultural environment.

In apples, for example, the effect of light starvation as
a result of haziness of the atmosphere can increase the correlation between
the axial and equatorial dimensions of individual fruits and can also reduce
the depth of the stalk cavity (61).

In warmer regions, the combined effects of high temperatures
and increased exposure to Spring sunlight tend to provoke a flattening of the
fruit and therefore a marked fall in the ratio of axial to equatorial
dimensions (62).

In the same climatic conditions, it has nevertheless been
shown that quality is better when the axial/equatorial ratio is nearest to
the normal value for the variety than when the correlation is too close at
the northern end or not close enough at the southern end of the range of
cultivation (63). It should also be pointed out that this ratio can vary
in relation to the number of pips and is therefore influenced by the
pollination factor (64).

It is therefore clear that although the relationship hetween

external form and intrinsic quality in apples has been irrefutably demonstrated,

this criterion can only be validly applied if the conditions of climate and
pollination are strictly identical.
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In peaches, and in stone fruits in general, the lateral
swelling of the fruit, i.e. the increase in its equatorial diameter measured
at an angle of 90  to the suture line, is a development which occurs at a
later stage of maturation, and this development is more rapid than that of
the other parts of the fruit.

Thus the shape of those fruits which are insufficiently
developed is often dumpy and asymetrical and very different from the
morphological norm for the variety (65).

In carrots, the length of the root and the relationship
between the diameter of the root and the diameter of the core may also
be used as a criterion of quality (66).

In melons, as in other fruits, a poor equatorial diameter
can be taken as evidence of insufficient development and therefore as an
indication that quality may well be inferior also.

As far as salad crops are concerned, the form of the head,
and especially any elongation, is considered to be an indication that the
product has passed beyond maturity, to the detriment of quality.

222.2 — Development of various parts of fruits and vegetables

The equatorial diameter always reflects the amount of
nutrition absorbed by the product. Thus, in fruit trees, the fruits which
are favourably located develop more rapidly than the others, and this is
reflected in their superior size on maturity and in higher intrinsic quality.

For fruits and vegetables of different origins, this
criterion obviously loses its significance because certain cultural practices
such as excessive irrigation can bring about a substantial increase in the
volume of these products, with an adverse effect on quality.

It is therefore only within the confines of a specific
parcel of land that the quality of the product can be validly determined
on the basis of size. In such conditions, however, both size and colour
can be extremely useful in practice for separating the products into batches
of clearly differentiated quality.

Size is a criterion which can also be measured in terms of
average weight and is therefore related to the concentration of sugars in
the fruit, in apples (67) (68) and in peaches (65), to name but two examples.
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But this relationship is also influenced by the volume of the
crop. Thus in a good year, with a high yield, the effect of competition
between the fruits limits the relationship between average weights and total
sugars ; but in a poor year the correlation between the two is far more
striking (69). This explains why the relationship has not been very
clearly demonstrated in some cases (70).

The pistil cavity in which the "eye" of the fruit is located,
and the stalk cavity both show variations in depth and breadth which are
closely linked with the conditions under which the fruits are grown.

These measurements are often used as a criterion of quality
in different species of pipped fruits (apples, pears) (67). Thus, for
example, the depth and breadth of the pistil cavity are closely correlated
with the concentration of sugars in many varieties of apples (68) and
pears (71).

- Lenticels

In the case of fruit, and especially in the case of apples,
the suberization of the stomata in the epidermis leads to the formation of
lenticels; their density in the region of the calyx can be taken as a
reliable indication of good development.

Lenticel deficiency, or an over—abundance of lenticels is
always an indication of abnormal development of the fruit (63).

— Leaf ribbing is also taken to be an indication of the
over—development of salad vegetables, or of some nutritional disturbance,
which is always detrimental to quality.

~ PFirmness and turgidity

The relationship between the firmness of the fruits and the
biochemical changes inherent in maturation have already been idicated.

The measurement of diminishing firmness is therefore the most
satisfactory test of maturity in fruit. But in the past, because it relied
on penetrometers, the method could not be classified as non—-destructive.



Methods have recently been developed for testing firmness by
transmitting vibrations through the fruit. So we now have the prospect of
automatic and non-destructive grading of fruit based on the degree of
maturity (32).

In addition to the biochemical changes which lead to loss of
firmness after the product has been picked, there is also a loss of turgidity
which can be directly attributed to transpiration. The more water the product
contains, and the more the conditions of storage favour evaporation, the more
rapid the loss of turgidity will be.

This loss of water is reflected in a wilting process, which is
fairly slow in fruit and finally results in a wrinkled epidermis, which at the
same time becomes more elastic.

In vegetables, the wilting process first affects the foilage,
which becomes limp and dull and begins to turn yellow as a result of the
regression of chlorophyll.

This appearance is considered to indicate the absence of that
"freshness" in the product to which the consumers attach the greatest importance,,
especially in vegetables, and this applies a fortiori to products grown for
their leaves, as is the case with salad crops.

Assessment of the freshness of fruit and vegetables must
therefore be treated as one of the major non—destructive tests of quality.

2,3 ¢+ ANALYTICAL TESTS OF ORGANOLEPTIC QUALITY

The non-destructive tests which we have described can be
applied to each individual fruit and vegetable. But the evidence of quality
they provide is only of a presumptive nature, and their validity depends
on the origin of the product.

These tests must therefore be supplemented by objective and
quantified measurements for appraising the value of different batches of
fruits and vegetables having different origins.

In principle, each and every component of the product can
be treated as a criterion of quality. But it is not always possible to
measure them all, or to establish their scale of values.



2,31

_55_

Thus, for example, among the various criteria which are
taken into account for the selection of different varieties or for
hybridizing purposes, the greatest significance may be attached to certain
aromatic substances or to substances likely to produce an unplesant flavour,
such as bitterness, by simply comparing the analytical results for different
clones.

One can also proceed by selecting clones for their particularly
high concentration of fundamental substances, such as sugars, on condition
that this does not affect the balance with the other components of flavour
and providing there is no adverse effect on the cultural and commercial
qualities of the clones.

In this context, there is every indication that the quality
of fruit and vegetables will be improved in future by genetic selection and
the breeding of new varieties; but this is a long-drawn-out process, fraught
with numerous difficulties, and it requires the joint application of
quantitative and qualitative parameters.

For the time being, the principal aim should be to improve the
products which have emerged from a whole range of varietal selections which
have mostly been based on productivity.

The analytical and destructive tests that have been described
are thus intended to provide a simple system of qualitative selection which
is easy to apply "en masse" to the products offered to the consumers.

They rely on a certain number of chemical tests or physical
measurements which mostly have a destructive effect on the products tested. One
must therefore destroy the smallest possible amount, after first making sure
that the sample is truly representative.

: Samgling

. Minimum sample size

The natural heterogeneity of fruits and vegetables is such that
their quality cannot be homogenized to the extent that this is possible with
liquids such as milk and wine.

Fruits and vegetables remain in essence a multitude of separate
individuals, and their homogeneity must be measured in terms of their
approximation to the qualitative norms adopted.

This can be done by means of non-destructive visual tests,
such as those of colour and size in particular, to determine the degree of
heterogeneity of these products in bulk.
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In practice, the number of fruits or vegetables which
have to be analyzed to obtain sufficiently accurate results for the purposes
of a test is given by the formula
2s 2
N =

e ————

p

in which 2 s corresponds to twice the standard deviation from the mean and
P equals the degree of precision required.

Experience has shown that a sample of at least 50 apples or
75 peaches is required if a test which is based on the variance of the sugar
or acid content of the fruit is to be valid if the lots of fruit are
unselected ("tout venant"), but that the number can be reduced to 30 when the
products are first sorted on the basis of colour and size (62).

Samples can be taken in the orchard, just before or just after
picking, or from the bins in the packing station.

If the first procedure is adopted, one should select a minimum
number of fruits, from all parts of the trees, with a uniform spread of
selection over the whole parcel of land.

If the samples are taken direct from the trees, due account
must be taken of the variation of the product as between the different parts
of the tree, and especially of the varying degrees of exposure to light, which
is at a maximum at the top of the itree and at a minimum among those lower
branches which are shaded by the outer foliage.

The fruits sampled must therefore be collected from the
zone of average exposure of the crown, on the outside of the tree and on
at least two opposite sides (65).

Fruits of abnormal size or colour are excluded from the
sample, as are the trees which carry an excessive or insufficient crop in
relation to the average carried on the parcel of land in question.

If the sampling process is carried out after picking, one
should first check the degree of uniformity with the naked eye. If more
than 20% of the products are markedly different from the most frequent
type the products must be sorted before any samples are taken, to ensure
uniformity.

When this has been done, the samples are selected at
random from a number of packages selected from the batch, but this number
should not be less than<% of the number of pieces setting up the sample.
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« HBExtraction of juice

The juices extracted from fruit and vegetables can all be
analyzed by simple techniques. They can be extracted by using an ordinary
domestic centrifugal machine.

The various components, particularly the sugars and acids,
can vary within each individual fruit or vegetable.

In fruit, for example, the sugar content is more concentrated
towards the epidermis and also increases between the stalk and the pistil
cup.

The components also vary between the part of the product
exposed to the sunlight and the part that is not so exposed. In addition,
the absence of pips from part of the fruit may result in lower .sugar in
that part of the fruit (64).

To obviate the need to extract large quantities of juice,
which involves the crushing of whole fruits, one can extract the sample
from a fragment, providing the latter is representative of the whole
product.

In most cases, the extraction of two sectors in the
same vertical plane from opposite sides of the product will ensure the
representativeness of the sample, on condition that this section cuts
through the most highly coloured and the least highly coloured part of
the product if such a difference exists (72).

In the case of large fruits, e.g. melons, it is enough to
extract two cylinders of flesh from opposite sides of the fruit, at the
level of maximum cross-—section.

If the separated juice is sufficiently clear, it can be
analyzed at oncej; but if it is clouded by the presence of pulp in
suspension it must be filtered through a nylon gauze or filter paper.
But to ensure the availability of sufficient juice for the purpose in
view it is best to wait until all the juice has been extracted from the
sample. It must then be thoroughly mixed by shaking before any sample
is taken for analysis, so as to avoid the risk of sedimentation.

In certain low-acid jnices, a brown colour may develop
very rapidly after the juice is extracted. This can be avoided by
adding a pinch of thiourea when commencing the extraction process.

If required for complex analyses, such as the quantitative
determination of sugars, the juices may be kept in a deep-freeze, in
plastic flasks, provided they are frozen immediately.
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-~ Measurement of firmness and texture

The importance of measuring firmness as a test of maturity
has already been emphasized. Automated non-destructive tesing may be
feasible for the packing stations, but otherwise the simplest test of
firmness damages the fruit.

The test normally consists of measuring with a penetrometer
the force required for a cylinder of given cross-section and length to
penetrate the flesh of the sample (cf. 2.12).

The force opposing this penetration depends on the cohesion
of the cells, which will vary with the pectins, and the presence of the
other constituents of the cell walls (73).

But this force can also depend on the loss of water by
dessication, which causes the tissues to become somewhat elastic, so
that the values registered on the penetrometer are artificially increased

(74).

The penetrometer readings are only valid, therefore, if they
relate to fruits that are in a good state of turgidity.

In the special case of fruits with carpel cells which are
more or less filled, as in tomatoes, the penetrometer will only
determine the firmness of the flesh itself, whereas such fruits can
be pushed out of shape to an extent which depends both on the firmness
of the flesh and the size of the carpel cells (75).

Various more or less simple instruments can be used to measure
this deformability.

: Quantitative analysis of sugars

It is generally agreed that the quantitative analysis of
sugars is the most important and most widely applicable test of the gustatory
quality of fruit and vegetables.

This test is important not only because the sugars impart
sweetness but also because they serve as an indicator of the metabolic
processes which produce all the other substances contained in the plant (76).



A correlation can be observed in very many cases between the
level of sugars and the other components of flavour (53). Thus, for example,
the components of the aroma of apples are related to the amount of total
sugars (67). In the same way, it has been observed that an increase in
the amount of soluble sugars in melons corresponds with a higher level of
vitamin C (77).

« Importance of the different forms of sugars

The different sweetening capacities of the three main sugars
that are encountered in fruit and vegetables, i.e. glucose, fructose and
sucrose, determine +the variations in the sensation of sweetness, because
this sensation depends on the amounts of each sugar present. But this is
mainly a varietal characteristic and can only be used by the breeders.

The proportion of sucrose is also significantly affected by
cultural and climatic conditions. In fact it generally accumulates in fruit
and vegetables at a late stage of their development, on the approach of
maturity, and it is therefore a very good indicator of the biochemical
development of these products (278).

In this context, the ratio of sucrose to the reducing sugars
can be used as a test of maturity (78). Similarly, the variation of this
ratio about the average value for the variety, for a given date of picking,
is certainly the most precise standard of measurement of gustatory quality (79).

Its close correlation with the formation of aroma, as in
peaches (54), or its evolution in the course of the canning process (80) are
further reasons for taking this factor into consideration.

In fact, sucrose is steadily transformed into simple
sugars in the canning process. But this inversion becomes slower
at a certain point and the resultant change in the inversion
curve will coincide with the over-ripeness of more than half
the fruits in the batch (81).

Unfortunately, the quantitative analysis of sucrose is
still a complicated operation requiring the use of specialized
equipment of a scale which makes it difficult to carry out in
normal practice, and it is therefore mainly restricted, at the
present stage, to laboratory experiments. But it might be a practical
proposition for any packing station large enough to carry the financial
burden resulting from the purchase of such equipment, providing the higher
price obtained for the top quality fruits thus selected were sufficient 1o
justify the outlay.



« Total sugars

The close correlation which can be observed between
sucrose and total sugar at the time of picking is a partial compensation
for the irouble which has to be taken with quantitative analysis.

In fact, the increase in the amount of total sugar which
can be observed in the final weeks before maturation is largely due to
the accumulation of sucrose. Consequently, in addition to its
contribution +to the sensation of sweetness, total sugar also gives a
fairly precise indication of the sucrose content.

Fruits stored under refrigeration after picking lose
some of their sucrose; this is transformed into reducing sugars without
affecting the level of total sugar, which remains very stable.

For the abovementioned reasons, total sugar has always
proved to be closely correlated to the flavour ratings established by
flavour panels, as well as to the other components of quality.

We have already quoted the results of a number of studies
on this question. It is pertinent to add a comment on the relationship
observed in apricots, in which sucrose is the very component which is
responsible for a sudden increase in total sugar at the time of maturation
(82), so that the fruit can be graded on the basis of soluble solids (83).
In cherries also the measurement of total sugar and of colour is a fairly
precise objective test of quality (84).

Likewise in melons, total sugar and external colouring
can be taken together as tests of acceptability (85) and of ripeness (86);
so this value can be included in the grading programmes, together with
the other desirable characteristics of the fruit (87).

In peaches, the level of sugar is not only a quality in
itself, but also appears to be related to the fruit's capacity for aroma
synthesis (88).

In the main varieties of pears, total sugar is more closely
correlated with quality than is any other characteristic, and this is
particularly true of late varieties such as Passe Crassane (89), especially
when the crop is not very acid (90).

The same correlation can also be observed in apples of all
varieties; it applies with equal validity to early cultivars such as
Gravenstein (91), long-keepers such as Golden Delicious (92) and late
varieties such as Granny Smith (68).
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In tomatoes, although acidity would seem to play a major
role in the assessment of quality, the sugars are also closely correlated
with the intensity of the flavour (44) and can therefore be measured as
objective criteria of quality (93).

This relationship, which can be observed in all the fruits
studied can also be found in vegetables. In carrots, there is a substantial
increase in sucrose as harvest time approaches (94), and the same applies
to salad vegetables, in which sweetness is one of the criteria of
acceptability.

The simplest way of measuring total sugar is by refractometer.
This instrument provides a rapid evaluation of sugars by measuring the dry
matter content of the juice, of which the sugars are the main constituent.
The correlation between the refractometer readings and the actual amounts
of sugar present can vary amongst species.

Thus, for example, in cherried and gooseberries, the
refractometer readings are 18 — 22% higher than +the actual amount of dry
matter. Nevertheless, for readings relating to the same species, the
comparative values thus obtained are quite adequate for the use to which
they are put (95).

Before measuring the dry matter by the refractometric method,
the juice should be completely homogenized before a few drops are extracted
for placing on the prism of the refractometer.

The juice must be clear enough to ensure good polarization
and an accurate reading. By using a hand-instrument graduated from O - 30%
one can read off the percentages of soluble dry residues. A%t the same time,
the temperature is recorded by means of the thermometer incorporated
in the instrument to facilitate the temperature corrections by which the
refractometric reading is adjusted to correlate with a temperature of 20 C.

. Starch

The insoluble fraction of the dry extract, which is mainly
represented in fruit and vegetables by the starch content can obviously not
be subjected to quantitative analysis by the refractometric method.

In fruit in general, the presence of starch is an indication
that the crop is insufficiently mature for picking. There is no need for
quantitative analysis of starch at this stage, but the presence of the
starch can easily be shown by smearing the flesh of the fruit with a
solution of iodine.
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The area of the patch of colour which thus develops gives
one a good idea of the amount of starch still in +the fruit.

In potatoes, the starch content is about 70% of the total
dry matter. It makes the tubers mealy when cooked. The more mealy the
potato, the less acceptable it is to the consumer (96).

The dry matter content is therefore an important objective
criterion for assessing the quality of potatoes, but the optimum dry-
matter content of the tubers varies according to the intended culinary
applications.

A low starch content is sought in potatoes intended for
steaming or sautéing, and this also applies to canning potatoes.
Higher starch contents are preferred for soups and purees, but the
highest starch requirements of all are for chips or crisps (97).

A sufficiently accurate measurement of the dry matter content
of potatoes may be obtained in a simple manner, by measuring the specific
gravity (37).

2,34 : Quantitative analysis of acidity

The part played by acidity in the determination of
organoleptic quality in fruit and vegetables has already been emphasized,
as has the importance of maintaining a balance between sugars and acids.

Depending on the acceptability threshold of the individual,
excess acidity is always considered to be a defect in fruits such as
apricots, cherries, and peaches, which are eaten immediately after picking.

This excess acidity is less of a handicap for fruits that
are stored for long periods. Indeed, because the acids slowly decrease as
a result of respiration, the longer the period for which it is intended to
store the fruit, the higher the acidity must be when the fruit is picked,
so that the quantitative analysis of acids can be seen to be a significant
objective test. In many cases, even, it is indispensable (98).

The rate at which acidity decreases during storage would
appear to vary from fruit to fruit, and it seems that these variations can
be attributed to differences in cultural or climatic conditions. But the
determining factors have not yet been clearly identified. Measurement of
the rate of loss of acidity during storage therefore constitutes an important
objective test of the degree of retention of gustatory quality : this
observation is equally valid for apples (81) and for pears (90).
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A simple method of smeasuring acidity is by quantitative
analysis of the free acid, with the aid of an N solution of sodium
hydroxide to which has been added a coloured 70 indicator, which is
usually an alchol solution of phenolphthalein.

The volume of sodium hydroxide required to change the
colour of the indicator serves as the basis for calculating the total
acidity of the juice.

If the juice itself is highly coloured, as in cherries, it
is not possible to use an indicator dye, so that the pH of the solution
must be measured continuously as it is brought up to 8.2, the point at
which phenolphthalein changes colour.

s Expression of results

The analytical results can either be applied as they stand,
as absolute values, or they can be incorporated in more or less complex
indices. The disadvantage of expressing these results in the form of
indices is that part of the information is lost if the values of the
various parameters composing the index can vary independently of one another.

For this reason, where the qualitative analyses are intended
to provide information for scientific and technical research, and especially
where this involves the calculation of correlations, it is always preferable
to use the individual values of each parameter, so as to preserve the
integrity of the various data.

However, in the case of qualitative analyses for the purposes
of commercial selection, it is often far more practical to express the
results in a simplified way, in the form of a quality index.

The calculation of such indices can itself be simplified by
listing the values of the different criteria in a special table from which
it is only necessary to read off the corresponding value of the quality index.

235,1 - The simple indices

Sugars and acids are the main criteria for determining
quality, and they are often considered separately as simple indices.
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Quantitative analysis of total sugar by the refractometric
method provides a direct reading of the soluble dry matter content, expressed
as a percentage. This index has been given a variety of names in the
literature, including refractive index (RI), dry soluble extract (SE) or
soluble solids (SS). For certain fruits, this index can form the basis of
a table or scale from which the total sugar content (TS) can be read off.

This is particularly true of the juices of apples and
grapes, for which the same table can be used (62).

The results of quantitative analyses by the colorimetric
method are either expressed in grammes of sugar per litre of juice or in
grammes of sugar per 100 g of the fresh matter of the product.

o Acidity

Titratable acidity can be expressed either in milli-
equivalents or in grammes of acid.

The milliequivalents represent the number of millilitres of
Normal alkaline solution required for neutralizing 100 g or 100 ml of the
product.

The advantage of expressing acidity in the form of
milliequivalents, which is standard practice for tests carried out for
research purposes, is that it constitutes an objective statement of
acidity, without taking any account of the variety of acids of which the
acidity of the product is composed.

When the tests are applied for commercial purposes, however,
the results are often expressed in terms of grammes of acid, because this is
a more direct expression of acidity for the persons using the figures.

In the latter case, the volume of alkaline solution needed
to neutralize the acidity is converted into grammes of acid per litre of
juice (or per 100 grammes of the fresh product) usually expressed in terms
of the main acid in the product in question.

Thus, for example, malic acid is taken into account for apples
and pears, citric acid for citrus fruit and tartaric acid for grapes.



For this purpose, each acid has its own coefficient. Thus,
for example, in the case of malic acid the calculation of acidity in grammes
per litre uses the following formula :

V x 0.0067T x 1 000
Vo

in which V is the volume in millilitres of the N solution of sodium hydroxide.
10

Vo ie the volume in millilitres of the sample utilized. This
means, in practice, that if a 10 ml sample is taken, the volume of alkaline
solution required will be multiplied by 0.67.

To express the results for citric acid, one applies the
coefficient 0.64 in the same way, while for tartaric acid the coefficient is

0.75.

In certain cases, instead of using the N solution of sodium
hydroxide, a slightly different titration is carried 10 out, with a sample
having its volume so fixed as to ensure that the acidity of the juice,
as expressed in grammes per litre of the acid chosen, is directly represented
by the volume of solution required, so as to avoid the need for calculations.

Thus, for example, for grape juice, the procedure is to employ
a 33.3% Normal solution with a juice sample of 12.5 ml, to give a direct
reading of the results in grammes of tartaric acid per litre (99).

For citrus fruit, by taking a 15.63% Normal solution and a
sample of 10 ml, the results can be expressed directly in grammes of citric
acid per litre (100).

In the case of malic acid, one could use a 14.92% solution
(containing 5.96 g of soda per %itre, instead of 4 g for the 10% Normal
solution) and a sample of 10 cm” of juice.

These methods for obtaining direct readings of acidity can
be used for many types of measurement +to facilitate the recording of
results which have to be expressed in grammes of acid per litre, but the
snag is that the sodium hydroxide solutions required for the purpese are
different from the 10% Normal solutions that are commercially available.

It is therefore the standard practice to use the 10% Normal
solution.



2}5.2 ~ The complex indices

In practice, it is often useful to express results in a
combined form, in a single numerical index, i.e. a value extracted from
the data by addition, subtraction, ratio or correlation of the figures
obtained from the tests.

But every effort should be made in such cases to ensure
that the parameters incorporated in the index are all expressed in
compatible units of measurement.

« The sggar(acid ratio

The ratio of total sugar to the titratable acidity of the
fruits is often used as an index of maturity and can be considered as an
indication of minimum quality.

It can be expressed in the form total sugar/total acid
(TS/A), and in that case the two values must be expressed in the same
units, i.e. in grammes per litre or in grammes per 100 grammes of the
fresh matter.

If no tables are available for converting the refractive index
into total sugar, one can use the value of the refractive index or the
figure for dry soluble extract (RI/A or SS/A).

If the refractive index is used without the coefficient, the
resulting value is a percentage, and in this case the corresponding value
for acidity must be expressed in grammes or in milliequivalents per 100
grammes of the fresh product or 100 ml of juice.

If, on the other hand, the acidity is expressed in grammes per
litre or in milliequivalents per litre, the expression used will be 10 RI/A

« Relationship between the various sugars

For certain more sophisticated analyses, it is often necessary
to determine the levels of the various sugars, especially the simple sugars
which are collectively known as reducing sugars (RS) and sucrose (Su).

In this case, the method of achieving comparability of results
is to express the amounts of these different sugars either as percentages of
the total sugars present or by the ratios RS/TS, Su/TS or Su/RS.



« The sums or differences

When several parameters are simultaneously taken into account
for expressing a given standard, they can be grouped into an algebraic
expression which makes it possible to establish a global index of quality
which is easier to use in everyday practice.

These indices are generally based on calculations of multiple
correlation and are normally a simplification of the value obtained by such
calculations.

However, they should only be used to the extent that the
parameters which are included represent measurements of a comparable
nature. Thus, for example, it seems quite logical to include sugars
and acidity in a single expression, as in the formula TS + 10 A, as had
been suggested for Golden Delicious apples. By contrast, there would
appear to be little logic in combining a value for sugars in grammes per
litre with a measurement of firmness taken by penetrometer or with an
index of coloration, for example, even if the calculation of such a
correlation has shown a connection between these different indices of

quality.

In this case, they will be used separately and each index
will correspond to a separate stage in the selection process, in a way that
can be likened to the passage of a granular mixture through successive
sifting devices with meshes of steadily increasing fineness.
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2.4 ¢ RECOMMENDED VALUES FOR THE MAIN QUALITY CRITERIA

At the present stage of research into the organoleptic
properties of fruit and vegetables, it is not possible {o lay down
equally precise definitions of the recommended values for each of the
main criteria. Nevertheless, in a field which is as subjective as the
study of organoleptic qualities, it is by using the criteria in the
context of individuwal markets that more information will be brought to
light and the quality aspects of demand more clearly defined.

The studies of gustatory quality in fruit have been
concentrated on a small number of clearly defined varieties, and the
criteria studied must be considered as specific to these varieties.
There would nevertheless seem to be a case for applying the same
standards to similar varieties, for the express purpose of observing
consumers' reactions, with a view to fixing the standards to be
applied in each case.

Research into the organoleptic properties of vegetables
has not been so extensive as in fruit, and in many cases no recommended
values have yet been worked out for the main criteria. Pending the
availability of further data resulting from studies still to be carried
out, the author's proposals should be viewed as guidelines of an indicative
nature.

Annex 1 contains a classification, product by product, of
the values which can currently be recommended as a result of research
carried out in most countries and which cannot therefore be held to
apply solely to the population of a particular region.
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3 —- DESCRIPTION OF THE TECHNIQUES ENSURING THE PRODUCTION OF FRUIT

AND VEGETABLES OF ACCEPTABLE GUSTATORY QUALITY

The ultimate quality of fruit and vegetables results from
the influence which is exerted on the natural characteristics of the
plant by the complex interaction of a number of factors: enviromnment,
cultural techniques, methods of storage and transport. They may all
pull together in the same direction, or they may be entirely at odds,

It is far from easy, at the current stage of scientific
investigation of the organoleptic properties of fruit and vegetables,
to set down these factors in any other order than that of their chro-
nological occurrence, and it is in that order, therfore, that we shall
examine their influence on quality. We shall assume that all plants are
genetically endowed with a certain qualitative potential which can be
realized to a greater or lesser degree, depending on the enviromment,
and that the techniques of cultivation, followed by harvesting and
storage, and finally marketing, are likely to bring about successive
modifications of the potential result to be expected from the associa~
tion between the plant and its milieu.
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FACTORS OF FRUIT AND VEGETABLE PRODUCTION

Between the point in time when the plant is chosen, with
due regard for the natural environment, and the point when the applica~
tion of the various cultural techniques produces a product that is
ready for picking, all the factors of fruit production can have an
effect on quality.

Selection of stock

It goes without saying that the bas