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Preface

Dear friends,

On behalf of the International Color Association (AIC) and the Argentine Color Group
(GAC), we are delighted to welcome you at the AIC Interim Meeting 2010, in Mar del
Plata city, Argentina, from October 12 to 15, on the theme “Color and Food: From the
Farm to the Table”.

The meeting includes keynote lectures by specialists, oral papers and posters on
different aspects of color related to food, as well as a commercial market and an artistic
exhibition. The theme of the meeting is approached from different perspectives,
including not only food technology and colorimetry, color chemistry and physics, but
also commercial architecture and design, lighting, packaging, advertising and color
communication, color psychology related to some aspects of food, consumer
expectations, color preferences, the representation of color and food in the arts, and
various other aspects of the interdisciplinary net that these two essential aspects of life
interweave. We cannot live without food, and certainly life would be extremely
ominous and difficult without color.

This is the second time that an AIC meeting or congress is held in Argentina. Various
participants may still have fresh memories of the 6th AIC quadrennial Congress held in
Buenos Aires in 1989.

You will experience the friendly and open character of the Argentine people, who will
warmly receive you in a country with plenty of natural beauties and appealing cultural
features.

Welcome to AIC 2010!

José Luis Caivano Roberto Daniel Lozano Omar E. Burgos
Chairman, AIC 2010 Committee member GAC president
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Program outline

47 oral papers (20 minutes); 4 keynote lectures (40 minutes)

TUESDAY, October 12 WEDNESDAY, October 13 THURSDAY, October 14 FRIDAY, October 15 SAT, Oct. 16
Opening session Chemistry & colorimetry Environmental design
8:40 opening ceremony 8:40 Akhtar et al.
9:00 OPENING LECTURE: 2:00 Hirschler 9:00 Avila excursion
John Hutchings (40') 9:20 Harkness et al. 9:20  Cordero-Poblete-Egert to the hills
9.40 DaPos-Rao 9:40 Kim-Golding-Archer 9:40 Serraetal. (included in full
. . 10:00 Jung et al. 10:00 Melgosa et al. 10:00 Lee-Sun registration)
13‘;00 ax;‘:lﬁi\ra p;i;?:g::fs 10:20 coffee break, posters (30') 10:20 coffee, posters (30') 10:20 coffee, posters (30°)
16:00 committee tutorials: Psychological aspects Colorimetry Culture & language
meeting (at ADUM) 10:50 Conceigao 10:50 Ferraris et al. 10:50 Barrios
(at ADUM) 11:10 Ortiz 11:10 RedriguezPulido et al. 11:10 Gindes-Yildiran
11:30 Frontera et al. 11:30 Lucassen et al, 11:30 MacDonald-Mylonas
10:00-16:00 11:50 Cox-Domper 11:50  KEYNOTE LECTURE: 11:50  KEYNOTE LECTURE:
D. Bardier:  12:10 Kuo et al. Angel Negueruela (40') V. M. Schindler (40)
¢Quénosda 1230 lunch (1 h.) 12:30 lunch (1 h.) 12:30 lunch (1 h.) lunch
hoy elcolor?  13:30  commercial exhib. (1h.) 13:30  commercial exhib. (1h.) 13:30  commercial exhib. (1 h.) (optional)
De |a fisica a la lecture L.Schmid, Osram
sociedad Packaging Arts & culture Lighting and imaging
(in Spanish)  14:30 Castillo-Becerra 14:30 Echagiie 14:30 Villar
14:50 Musso 14:50 Burgos 14:50 Okuda et al. other optional
15:10 Csillag 15:10 Gindes-Ozden 15:10 Funt-Mosny tours or
15:30-18:00  15:30 Prause-Cariola 15:30 Silveira 15:30 Lin-Lo excursions
L.MacDonald: 15:50 Rojas-Fossati 15:50 Tassara 15:50 Farroni-Buera
16:00 registration Introductionlo 1510 coffee break, posters (30') 16:10 coffee, posters (30) 16:10 coffee, posters (30)
to & posters colour Architecture Properties & preferences Closing session
18:00  hanging ~ Measurement qg.49 Hidalgo et al. 16:40 PeacockSmith 16:40  CLOSING LECTURE:
(at Hotel (inEnglish)  47.09 Incatasciato et al. 17:00  Sueeprasan-Traisiwaku Daniel Lozano (40')
Provincial) 17:20 Suarez-Avila-Domijan 17:20 Agudelo et al. 17:20 closing reports:
17:40 Koblanck-Ejhed-Moro  17:40 Gallo-Buera-Petriella study groups reports
18:00 Noury 18:00 Sandoval et al. final open discussion

18:00 opening of the meeting presentation of next meetings

to artistic exhibition
’ ; " 18:20 posters study group  18:20 posters  study group . .
200 re(ﬁﬂ?t;ciﬁ;l?" to session meeting: to session meeting:  19:00 city mué !::;n_arftﬁarty
19:00 CE 1900 ECD (EREES T
registration)

99 posters exhibited all 3 days: October 13-15
Commercial exhibition open all 3 days: October 13-15
Optional tours or excursions after the meeting: Saturday, October 16 in the afternoon

pre-congress seminars / cursos pre-congreso:
Dardo Bardier: {Qué nos da hoy el color? Desde la fisica a la sociedad
Lindsay MacDonald: Introduction to colour measurement
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Food, expectations, colour and appearance

John HUTCHINGS
Department of Colour Science, The University of Leeds, UK

ABSTRACT

Expectations drive our decisions, lives and actions. Interpretation of the scene governs
whether or not we eat the food front of us, or whether or not we patronize a particular store or
restaurant. Throughout the food supply chain expectations (derived from the total appearance
of the food) are at the heart of quality and price judgements. On entering a restaurant or pub
we may subconsciously judge expectation qualities such as cleanliness, comfort, privacy and
quality. Such judgements are direct responses to the visual properties of the space. A holistic
approach is taken because total appearance images and expectations are critical in separate
and interlinking ways to all aspects of food research, development, production, marketing,
sales and preparation, as well as consumption. Above all, they are critical to each individual
producer or customer whether they are in the field, kitchen, store, restaurant or pub. They are
also critical to those contributing to the visual stimulus experienced by the customer. These
include architects, store designers, and food producers, whether they are chef or manufacturer,
as well as those in advertising and packaging or those responsible for training customer
contact staff.

1. INTRODUCTION

The early history of life on earth involved co-evolution of insect and animal visual
characteristics with vegetation and fruit to produce food appearance based on sensitivity to
wavelength and angle, on surface texture, on ultraviolet signals and on polarisation. Specific
food properties evolving were related to the particular visual sensitivities of the creature.
Human beings see that world using a restricted wavelength sensitivity, zero detection of the
ultraviolet and zero detection of polarisation. Cones in the retina of the human eye gave us the
ability to detect the yellows, oranges and reds of fruit and reddish coloured succulent edible
leaves from their respective green and brown backgrounds.

Our early evolutionary link with fruit and vegetable colour is so profound that we need to
eat generous portions of pigment containing fruit and vegetables to live a healthy life today.
Colour is not the whole story of our visual link with food because we have evolved to respond
to appearance. This comprises visual structure, each element of which possesses colour,
translucency, gloss, surface texture (roughness) properties. Each of these attributes behaves
characteristically with time and processing, all contributing to our overall expectations of the
food in front of us.

Study of the appearance of food is totally different from the study of other mass marketed
materials such as paints and plastics. There is considerable interaction of appearance
properties of foods in the formation of expectations, whereas it is normally easy to treat
appearance attributes of other materials as independent variables.

This paper contains an outline of food appearance properties, expectations that arise for
food and the food environment, and gives examples of commercial exploitation and the halo
effects that result. It will conclude with a brief consideration of specification and
measurement of appearance attributes as well as of the expectations themselves.
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2. FOOD COLOUR AND APPEARANCE

One of the ways that study of how foods look differs from that of all other mass marketed
materials is that foods have a natural variation in appearance properties. Normally, solid foods
are non uniform in colour, they are translucent and vary, often irregularly, in surface texture
(i.e. roughness) and gloss. It is the complete package of these properties that leads to
identification and preference for a particular food.

Many products, for example meats, have a visual structure revealing different elements
within the total product. We immediately receive information as to the number of muscles
present, the degree of lean and fat contents.

Translucency, caused by occurrence of both light transmission and reflection, is visually
perceived as a colour contrast. Ancient Egyptians clarified drinks by filtration and today a
reduction in clarity leads to rejection of alcoholic drinks. Turbidity in fruit juices, such as
apple, can be a positive or a negative attribute depending on the expectation of the consumer.
Processing affects colour as well as translucency. Fish and red meats depend for their
perceived quality on the balance between colour and translucency.

Gloss, also perceived as a colour contrast, is of concern to the food industry. Specific gloss
characteristics are associated with different fruits and vegetables. High-quality chocolate
normally has a high gloss and light scattered from the surface is near mirror-like specular
reflection. When chocolate blooms it loses gloss, the specular reflection changes to diffuse
scatter and the surface becomes dull. In the store glossiness of moist surfaces such as fish
reinforce perceptions of freshness, but only if there is sufficient directional light. Glossy
surfaces look attractive and are perceived as clean. Hence, for the store apples may be coated
with wax designed to reduce gas exchange, weight loss, and fungal growth but are also
designed to be glossy. Gloss or glaze is achieved in the kitchen by finishing vegetables glacé
or coating products with a jam or fruit puree, or with a sweet or savoury aspic glaze.

Surface texture is also a characteristic of foods. Meat cut along the grain reveals its fibrous
structure, breakfast cereals have differing degrees and types of roughness, some varieties of
apple are rough skinned some smooth. We perceive this roughness as colour contrast but a
study of colour alone will not reveal the story behind the product.

In summary, there is a number of attributes of appearance that affect the look of the
product. Hence, when we study effects of processing, cooking and consumer preference it is
essential to consider appearance as a whole. This consists of visual structure, variations of
colour, translucency, gloss and surface texture, and temporal properties, this is, how these
individual attributes change with time or processing. All these attributes combine to result in
what we expect of the food in front of us.

3. EXPECTATIONS

There are two main types of expectations that condition our subsequent responses and
experiences. The first are those generated by what we believe, perhaps from a religious
knowledge. The second are the five general categories of expectations generated from our
perceptions of a scene. This applies to everything we view, whether that is a landscape, store
front, the waiter, a plate of food or its packaging (Hutchings 2003).

Visually assessed safety involves safety of body and safety of mind. Perhaps the cutlery
appears dirty, or that this television programme will corrupt the mind of my child.

Visual identification, for example, this building is a restaurant, that person is the store
manager, this food will taste sweet.
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Visually assessed usefulness, for example, will the waiter know how the meal is prepared,
is this food what I need at this time, will it contain the vitamins I need?

Visually assessed pleasantness, this is a comfortable looking restaurant, will this waiter be
friendly, how tasty will this plate of food be?

Visually assessed satisfaction, for example, when I have finished eating a meal in this
restaurant, will I have enjoyed it; will it have been value for money?

Expectations are fundamental to food marketing and when a food pack, advertisement,
dining room, or a particular food dish is being designed it is helpful to consider the five types.
An important consequence of expectations are the halo effects they generate, these have
profound implications for the sensory testing of foods. Expectations can also be commercially
exploited, sometimes to an unethical extent.

3.1 Halo effects

Colour and appearance are powerful indicators of object quality. Human beings have different
sensitivities to flavour and it is relatively easy to confuse tasters by giving them
inappropriately coloured foods. Raspberry flavoured drinks may be identified as orange juice,
sweets presented in differently coloured wraps taste differently. Food folklore has it that
diners eating in the dark can be made physiologically sick by switching on the lights,
revealing that they are eating inappropriately coloured food. Divisions occur within
populations; in the UK there are different preferences for tomato soup colour. Dark, deep red
is the preferred colour for those used to tomato puree/powder based soup but orange red is
preferred by those raised on tins of Heinz cream of tomato soup (Hutchings 1999).

3.2 Implications for sensory testing

Halo effects have severe implications for the food sensory panel. Panel in-mouth scores can
be influenced by sample appearance, the environment, panel organisation and panel organiser
attitude. During optimisation of product flavour or texture, low illumination levels or coloured
lighting is used in the tasting area. However, although the actual colour of the product may be
completely lost, conclusions may still be drawn about the sample from the light reflected. For
example, the extent of baking of bread products can be detected even under low illumination
levels. The halo effect is so powerful that variations in appearance should be entirely
eliminated while judgments of flavour and texture are made. There are however two groups of
subjects, field-independent, who attend to their taste and smell perceptions even in the
presence of an inconsistent visual stimulus, and the field-dependent, who make more mistakes
when trying to identify flavours in the absence of visual cues as to their origin. The traditional
R and D function of the manufacturer may concentrate too much on the product. The
marketing end of the business may focus too much on concepts, and the lifestyle and attitudes
of potential customers. Often little account is taken of the extreme influence of the brand.

Preconditioning influences eaters’ beliefs. For example, knowledge of the fat content may
affect consumer responses to the product but this may not occur with trained panellists.
Preferences of young children are easily changed by identification of the product with hero
figures. Product advertising affects panel members. For example, the British have been
subjected to the persistent advertising claims that “smaller peas are sweeter” and that “larger
peas are tougher peas”. An unwary approach to the panelling of peas results in erroneous
findings founded upon knowledge of this claim.
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Halo effects can be positive or negative. The colour of an orange tells us that it contains a
natural mix of healthy antioxidants which are good for us. But the colour uniformity may tell
us that it is sprayed with fungicide and herbicide, and the gloss reveals that it has been waxed.
We may therefore conclude that oranges are poisonous and are bad for us.

3.3 Commercial exploitation

Although colour might be basic to judgements of identification and quality it is by total
appearance that we come to understand the product. High expectations about the healthiness
of oranges may lead us to have similar beliefs about orange juice. This is itself an example of
the halo effect. A commercial exploitation of this is the extension to some commercially
produced ‘orange’ drinks. Not only is this orange liquid in a white translucent plastic bottle
having an orange label, it is marketed in exactly the same way as real orange juice in a chill
cabinet. But when it was launched this product contained a mere 5% orange juice with lots of
sugar, water and colorant. The success was great, the parent thinking that it is healthy for the
child but the child liking it because it contains lots of sugar. The marketing was brilliant,
unethical, but brilliant.

Lighting is a factor in environmental design and no single lighting regime is optimal for all
foods. Red biased light is used to conceal the brown specks in fresh beef that indicate pigment
oxidation. The customer normally regards such meat containing metmyoglobin, although
probably edible, as undesirable. Some regard this use of store lighting as bordering on fraud,
but is it unethical to display foods to their best possible advantage?

4. ETHICAL CONSIDERATIONS

We expect natural foods that we eat to have a colour and appearance appropriate to the dish.
Similarly we feel better if a synthetic dish, such as ice cream, also has a colour appropriate to
the flavour. For 4,000 years colorants have been added, perhaps to restore damage caused by
processing, or to make products more uniform or attractive, or later to protect flavour- and
light-sensitive vitamins during storage. Colour helps us identify flavour and estimate its
strength and quality. How far is it ethical to colour foods?

In the USA non-natural colours are being used to tempt children to overeat foods that
contribute to obesity when eaten to excess. Examples include: high fat margarine products
that are purple and bubblegum flavoured, or hot pink, or bright blue; high fat, high sugar
ketchups that include bubblegum flavoured blue mayonnaise and ‘Blastin’ Green’ and ‘Funky
Purple’ versions of the normal yellow ketchup; high fat, high salt snacks that include some
that are neon orange; and high sugar drinks that are marketed in colourful branded cans. Is
manufacture of these products and such presentations ethical?

Rules of colour in food marketing were very simple. Dark colours with sophisticated
textures and design for adults; bright high contrast saturated colours and horror figures as well
as free toys for children. However, changes to this controlled order have taken place and
marketing for adults has to a large extent become an extension of marketing for children.
High contrast colours are increasingly used to attract everyone and are a feature of even dairy,
bakery and alcoholic drinks sections of the store. Colourful cereal packs featuring cuddly
animals or icons of respectability tempt children and adults to eat products that are high in
sugar and salt. The binge drinking among teens and twenties in the UK have, some have
argued, resulted from the open marketing of alcoholic lemonades or alcopops sold in brightly
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coloured cartoon covered bottles. Bright high contrast colours are used to market to all ages
and younger buyers are attracted by products specifically meant for adults (Hutchings 2006).

5. MEASUREMENTS

Visual appearance is comprised of those properties we perceive as visual structure, the value,
uniformity and pattern of surface texture (i.e. unevenness of surface), colour, translucency
and gloss, plus changes of these properties with time or with response to, say, pressure or
temperature. All these attributes we can scale visually with precision and accuracy and
instrumentally specify using digital camera technology (Hutchings et al. 2002). The term total
appearance, meaning a combination of assessable and measurable product attributes as well as
our feelings about them, was first used 30 years ago with reference mainly to foods. Since
then the approach has been extended and refined (Hutchings 1999). The CIE has a Technical
Committee TC 1.65 coordinating progress in this area (Pointer 2006).

When we think of objects as having derived attributes, such as acceptability of appearance
of foods, the ripeness of tomatoes, the appearance warmth of a room, the elegance of a
building, then we are thinking in terms of appearance and impact. Such attributes are related
specifically to our recognition and psychological sensory, emotional and intellectual images
and estimates of quality. As such they are scalable and understandable in terms of visual
appearance attributes and their interactions.

Understanding of any food product (e.g. a plate of food), internal space (e.g. dining room
or store) or external space (e.g. a store fagade or landscape) can be achieved using the
following six elements. The details obviously change with situation, but there are six elements
to the understanding of a space and its effect on the viewer. The approach can be applied to
the analysis and possibly to the prediction of the effects of the space on the human being.
These six elements of a scene fall into three groups, they are:

1. The physical environment consisting of the static environment itself (e.g. the furniture in
the room or food on the plate, and additions to the static environment, for example, the
temperature, illumination and human beings within the space or the temperature of the food.

2. The psychophysical impressions, that is, the impact properties in terms of warm/cool,
hard/soft and clear/greyed (suggested for colours by Kobayashi 1998), i.e. design elements
(e.g. curves and angles, irregularity, furniture style, small/large spaces), materials of
construction, illumination (colour, artificial/daylight, rendering intensity, uniformity), colours
(also in terms of Green-Armytage 2002); the primary expectations, that is, safety,
identification, pleasantness, utility, satisfaction (see above); and secondary expectations, that
is specific psychophysical experiences of the appearance of the space, in terms of, for
example, homeliness, intimacy, elegance, and privacy (Hutchings 2003).

3. The psychological effects of the environment, such as the sadness, fear, vulnerability,
motivation, calmness, self esteem, or tranquillity generated by the space or the product.

Elements of a space as well as the space itself can be quantitatively scaled (Hutchings et al.
forthcoming). We now have an in-depth understanding of the colour and appearance of food
and the food environment as well as detailed methods for their quantification. Assessment and
measurement can be linked with the emotional responses to what we see.
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Colours seen through transparent objects

Osvaldo DA POS, Cristina RAO
Facolta di Psicologia, Universita di Padova

ABSTRACT

Perceiving transparency involves the perception of a transparent object, may it be real like a
drink or simulated like in virtual reality, distinct and in front of an organized background
visible behind and through it. Here we study how the colours in the background are modified
by a coloured filter which completely covers them. Four observers had to reproduce in a
uncovered part of the background the nine colours of a simulated mondrian stereoscopically
observed through a coloured veil. The filters could have one of the four unique hues, at two
levels of chromaticness (NCS), and at two levels of transmittance. A control mondrian
without filters had also to be matched. The obtained matching colours show rather relevant
deviations as respect to the ‘real’ colours of the covered mondrian, that is little colour
constancy occurred. No constancy difference has been found as a function of the
chromaticness and of the transmittance of the filters, while colour constancy seems to depend
on both the colours of the filter and of the background.

1. INTRODUCTION

Both foods and drinks can be transparent or translucent (from now on we do not differentiate
the two terms), but not always they appear as such. The reason is that the definition of
transparency is almost always framed in physical terms (transmittance or density). We need a
psychological/perceptual definition which describes the visual appearance, for instance:
“transparency is the property of an object through which we can see more or less distinctly
what is behind”. The degree of distinctness of the shape, colour, texture, glossiness and other
features of the objects perceived in the background through a transparent object determines
different kinds of transparency. Research about transparency in the field of foods and drinks
can be concentrated on two main characteristics, either on the transparent object or on the
background seen behind and through it. Therefore we distinguish two main aspects: first the
determination of the chromatic characteristics of the colour of the object (its colour and its
visual density), and secondly how the colours of things seen through it are modified by the
transparent object. The present research deals with this latter aspect, and our hypothesis can
be formulated in term of colour constancy: “how much a surface colour appears constant
despite the modifications introduced by a coloured filter in front of it” (Foster and
Nascimento 1994, Ripamonti et al. 2004). We expect that, contrary to what found by
D’Zmura et al. (2000), and on the basis of previous works (Masin 1998) colour constancy of
surfaces completely covered by transparent objects is quite low.

2. THE EXPERIMENT
2.1 Material

To study this effect we simulated in a calibrated 21” Quato monitor a coloured transparent
veil completely covering a chromatic mondrian (about 5 x 5 cm, about 10° at 30 cm of
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viewing distance, and protruding from it over a white background (120 cd/m?). The veil was
perceived at a certain distance in front of the mondrian (about 6 cm) by means of a simulated
stereoscopic vision (two prismatic lenses were placed at 30 cm from the screen). The
mondrian consisted of nine nearly square regions of chromatic (B, G, Y, O, R, P) and
achromatic colours (W, S, and A-grey), always presented in random order (Table 1, Figure 1,
left). It appeared behind and covered by the filter as a result of the stratification in depth; the
reduction colours (Katz 1935) were computed according to one of the most widely accepted
models of phenomenal transparency (partitive mixtures: Metelli 1974, Da Pos 1989, D’Zmura
et al. 2000). The filter could have one of the four unique hues (Y, R, B, G), at high or low
saturation (20 and 60 NCS chromaticness), and at high or low density (0.10 and 0.5
achromatic transmittance) (Table 1, Figure 1, right).

Table 1. CIELAB specifications of the colours of the mondrian at left, and of the filters at
right. In brackets colour labels at left and the approximate NCS chromaticness at right.

SF L* a* b*

Red (R) 53.40| 84.59| 63.86 £ L* a* b®

: : : Y (60) | 86.49 -1 66.86
Yellow (Y)|  94.00] -1027] 90.98 R (60) 6103 4428 le4a
Blue (B) 46.85| -13.72] -37.46 ' ' '

Purpic (B) | 3732|4183 4339 |B(60) | 6368 1738 3467
Green (G) | 56.00| -51.69| 25.64 G(60) | 6885  -48.69  16.65
Orange (0)|  63.06] 61.40| 69.62| |Y (0 | 9229 -38 2834
White (W) | 100.00] _ 0.00] _ 0.00 g ggg g;g? : 5395 ?902
Gray (A) 5398000 000 |0 | o0ty est 763
Black (S) 0.00  0.00] 0.0 - : :

Figure 1. The colours of the mondrian at left, and of the filter at right.

2.2 Method

The task of four female observers was to reproduce the mondrian seen through the filter with
its original colours (as if it were observed without the filter) the assumption being that they
could perceived the original colours through the filter. The modifiable mondrian was
perceived in front of a local background of the same colour of the filter so to keep the same
contrast relationships with the background as the covered mondrian, but seen in plain air. A
series of many small buttons displayed in the screen allowed easy changes in hue, lightness,
chroma, and whiteness/blackness of each small square forming the mondrian. Observations
were made in a dark room after a suitable adaptation time. At the beginning the observers had
to get accustomed with the stereoscopic device, and were asked where they perceived the veil
to be sure that the depth perception was adequate to visually separate the veil from the
mondrian. Some training time was also assigned to the matching procedure. The modifiable
mondrian appeared with achromatic squares of different lightness, which had to be changed
by the observers. Before closing each session observers were invited to give an overall look
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both at the filtered and at the reproduced mondrian to verify their global colour
correspondence, and to adjust again the matches if necessary. There was no time limit to
perform the task and it could be interrupted as many times as the observers liked. To check
the ability of the observers in matching colours a number of further sessions were performed
in which both mondrians were uncovered while all other factors remained unchanged.

2.3 Results

All colours were transformed in the CAMO02-UCS appearance colour space to better deal with
measures of colour constancy (inconstancy index: Luo et al. 2006, Kim and Park 2010). First
of all the performance of the four observers showed rather interesting differences. The
observer 2 resulted significantly, and also largely different from the other three (her median
deviation AE’ = 31.99 compared with 16.68, 21.42, 13.14 of the other three observers, two
tails Wilcoxon Z test = ~ 8.2 for the three comparisons, p = 0.0000) in that it reproduced with
admirable care the ‘reduction’ instead of the mondrian colours (see an example in Figure 2).

100 100

80 A R0 A
60 © o 60 - ¢ o
40 1 40 1
20 A A A 20 - A A
b' o A % b' o A %
-20 el : -20 ol
-40 - o o -40 @) 0
-60 — — — ‘ -60 —_—
60 =40 20 0 20 40 60 80 100 -60 -40 -20 0 20 40 60 80 100
a' a'

Figure 2. At left the results plotted in a CAMO02-UCS diagram of three observers when the
filter was blue, little chromatic and highly transparent. In green the chromatic colours,
derived by calculations according to Metelli model (1974), and presented in the screen, in
blue are the colours of the mondrian if seen in plain air. In yelloware the colours reproduced
by the three observers (1, 3, 4). At right the results of observer 2 in the same conditions.
Perfect constancy is obtained if the reproduced colours are the same of the uncovered
mondrian. While rather good constancy is achieved by the three subjects at left, observer 2
carefully reproduces the reduction colours, failing to see the colours of the mondrian.

This difference seems to depend either on the very poor stereoscopic vision of observer 2, not
emerged in the initial training, or on her very strong selective attention which prevents spatial
interactions between colours (Masin and Quarta 1984) and consequently the appearance of
complex phenomena like transparency, in which two colours are perceived at the same time in
the same area, one in front and one on the back, along the same line of sight. All further
statistical analysis have been therefore made on the data provided by three observers only.

On the basis of previous experiences we expected that highly transparent filters would
affect colour constancy less than the more opaque ones. On the contrary we found no
significant difference between conditions in which transmittance was high (50%) and low
(10%). Moreover we also expected that more chromatic filters would distort more the back
colours than little chromatic filters: results on the contrary indicate that slightly less
deviations are derived when more chromatic filters are covering the mondrians (median =
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14.76 vs 15.16). Although the difference is very small, it is significant (two tails Wilcoxon Z
test = -8.07, p = 6.85E-16). Interesting results were obtained relative to the filter colours:
increasing deviations from colour constancy are produced by Red, Green, Blue and Yellow
filters in the order (median-R = 17.9, median-G = 18.7, median-B = 20, median-Y = 21.4;
yellow is more deviating than the others, two tails Wilcoxon Z test = -2.8, p = 0.005 in
comparison with the blue filter; Z test = -2.9, p = 0.003 in comparison with the green filter; Z
test = -2.6, p = 0.008 in comparison with the red filter). Also the colours of the background
are more or less susceptible of being modified by the filter. Warm colours (Y, O, R) seem to
be more constant than cold ones (B, G, P), irrespective of the kind of filters which cover them
(median-Y = 21.9, median-O = 27.3, median-R = 32.3, median-B = 40.0, median-G = 40.1,
median-P =49.7). In the control trials deviations were rather small: red, yellow, and blue
colours are reproduced with small deviations (CAM02 UCS AE’ = 3.1, AE’ =3.5, AE’ = 3.8
respectively) while slightly higher deviations are found in the case of orange, purple, and
green (CAMO02_UCS AE’=7.1, AE’ = 8.1, AE’ = 10.3 respectively). Lastly lightness matching
has been always very accurate.

3. CONCLUSIONS

The perception of transparent objects can be studied as a case of colour constancy: the
variable which interfere with colour constancy are many, and on the one side we found that
constancy of the background colours depends on the colour of the filters, while on the other
side warm colours in the background are more constant than cold colours.
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What is the color of a glass of wine?
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! School of Design, Linnaeus University
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ABSTRACT

In this multidisciplinary pilot study, the overall research question is how the color of
transparent materials is perceived and if it can be matched with opaque samples in visual
color system. The focus is on the Natural Color System (NCS) and its potential to represent
color in glass artifacts. The perceived color of seven glass objects was determined using NCS
notation, i.e. hue (®) and nuance (s, ¢, w). A total of 420 color observations were conducted
by 20 trained observers, using three different techniques. Two of them utilized the NCS atlas
and the third one used virtual screen images of the NCS colors. The differences in hue and
nuance were calculated for the three techniques. The main conclusion is that it seems to be
possible to use NCS representation also for transparent materials but the standard viewing
conditions must be modified to take account of the light that is transmitted through the object.
It is also indicated that the virtual images match the nuance values of reference method quite
well, but further studies are needed to enhance the color appearance of virtual hue values.

1. INTRODUCTION

The area of color research is characterized by its multidisciplinary approach, including
phenomenological, psychological and physiological aspects of color perception (Billger 2000,
Fridell Anter 2000, Hard and Sivik 2001), physical measurements of light spectra and, most
recently, also the color appearance in virtual reality (Stahre 2009). The main focus in
perceptual color research has been on the surface colors and the existing colour systems, such
as Natural Color System (NCS) and Munsell, are established using opaque colors (Hard et al
1996a, 1996b, Kuehni 2000, Nayatani 2004). When it comes to transparent materials e.g.
glass, plastics and liquids, there is no available color system based on perception (Gladushko
and Chesnokov 2007). Pantone has a set of transparent three-step plastic samples with
progressively increasing thickness and specified color codes designated to these samples, but
they are not organized systematically in a color-space like NCS.

In this pilot study, the authors investigate the overall research question how the color of
transparent materials is perceived and matched with samples in visual color systems; the main
focus is on the NCS and its potential to represent color in glass artifacts. The research group
1s multidisciplinary and it comprises areas such as Design, Interaction design and Computer
science as well as experts in the glass production processes. One of the partners in the
research project is Glass Research Institute, Glafo (Véxjo, Sweden), and this partner has a
unique collection of several hundreds of colored glass samples, which have been gathered
during 60 years. The collection is frequently used by glass designers but it does not cover the
entire color range that can be produced in glass. In general, the industrial color generation
process in glass artifacts is based on trial-and-error, which makes the procedure tedious and
costly (Bamford 1997, Gladushko and Chesnokov 2007).
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2. RESEARCH PROBLEMS ADDRESSED

The overall research question is as follows: Is it possible to use the same perceptual
representations (especially NCS) for transparent materials that are used for surface colors and
if this is possible, in which way should the existing color space be modified or extended to be
able to incorporate transparent colors. Another research perspective is to study how the color
appearance of transparent objects can be modeled in the virtual reality and how virtual models
can be used to facilitate the communication in industrial color generation processes.

In the current study, the perceived color of glass objects is determined by trained observers
in a standardized setting. The perceived color is expressed using NCS notation: hue (®) and
nuance, i.e. the relationship between blackness (s), chromaticness (c) and whiteness (w).
Similar method has been used by Fridell Anter (2000) in order to study the perceived color of
painted house facades in different viewing situations. However, it is important to keep in
mind that it is impossible to visually determine the “true” color of a transparent sample as the
human color perception is always subjective. What is more, the perception also depends on
external viewing conditions such as the type and position of the light source, viewing distance
and angle, the thickness and shape of the sample as well as surrounding colors.

3. PILOT STUDY

In the pilot study, a total of 420 color observations were conducted by 20 different observers.
The observers were 18 students and lecturers from the School of Design (Linnaeus
University, Sweden) and two glass experts from Glafo. All the observers had prior experience
of color matching using NCS atlas. The studied samples were seven glass sheets with the
same dimensions (5*10*4 mm) and different colors, these samples will be referred to as
sample A to G. The glass samples were matched with the NCS colors in three different ways:
e The sample was placed on a metal frame 5 cm above the white paper and the color
was matched with the color samples in the NCS atlas.
e The sample was placed directly on the computer screen and the color was matched
with screen images of the NCS colors.
e The sample was placed on a white paper and the color was matched with the color
samples in the NCS atlas.

During all the observations, the light source, viewing distance and angle as well as other
significant conditions were according to Swedish Standard, SS 019104, color specifications
with NCS.

The observers conducted the three different matching procedures for each glass sample,
and indicated in a questionnaire sheet which NCS color was the best match in each case. It
was possible to choose two alternative colors, if the observer did not find the perfect match in
the NCS atlas or screen image. For each sample and for each observation technique, an
arithmetic mean of hue (®) and nuance (s, ¢ and w) were calculated using the results from all
20 observes. If the observer indicated alternative colors, all the values were included in the
mean value. The first matching technique is used as the reference value and the results are
reported as the differences (A®D, As, Ac and Aw) between the mean values of the reference
color and the two other perception methods, respectively. As discussed above, there is no
“true” perception of the color, therefore, the reference color is chosen in order to illustrate the
differences between the three observation techniques, but the choice per se is an arbitrary one.
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4. RESULTS AND DISCUSSION

The differences in nuance and hue between the mean values of the reference color and the two
other perception methods are summarized in Table 1 and 2. In these tables, 1 denotes the
values when the sample is observed 5 cm above the white paper, 2 is the value when the
sample is placed directly on the computer screen and 3 is the value when the sample is placed
directly on the white paper. The differences in nuance are calculated as follows: As2 =s2 —s1
and As3 =83 —sl; Ac2=c2—-cl and Ac3 =c3 —cl; Aw2 =w2 —wl and Aw3 = w3 —wl.

Table 1. Summary of differences in nuance between the three observations techniques.

As2 As3  Ac2 Ac3  Aw2  Aw3
-9.10 179 -350 455 12,6 -225
146 490 -140 380 -090 -8.75
-5.05 570 -095 450 565 -104
200 040 -5095 11.2 420 -11.5
-295 -0.15 -1.15 430 390 -435
045 0.05 -220 26,6 175 -26.6
-0.70  0.70 -1.10 8.60 2.00 -9.15

Q=T (A= >

The differences in hue are calculated in the same manner: A®2 = ®2 — ®1 and A®3 = ®3 —
®1. The other way to estimate the difference in hue values also includes the chromaticness
(the reference value) as follows: Adc2 = (2 — ®1)*c1/100 and Adc3 = (@3 — @1)* ¢1/100.
The differences and the position of samples in the NCS circle are shown in Table 2:

Table 2. Summary of differences in hue between the three observations techniques.

Quadrant AD2 A®3 AdDc2 Adc3
A  yellow-red -7.58 2.67 -0.88 0.31
B red-blue -1.25  0.08 -0.75 0.05
C blue-green -0.58 3.33 -0.32 1.85
D  blue-green 725 375 198 1.02
E Dblue-green -20.9 141 -1.56  1.05
F green-yellow -7.5  2.00 -329  0.88
G green-yellow -16.5 1.75 -2.82  0.30

For all the samples A to G, the variation in nuance follows a similar pattern: samples
observed 5 cm above the paper and on the computer screen are relatively similar and they
both show lower chromaticness as well as higher whiteness compared to the observation
made directly on a white paper. Sample A and F have the largest overall variations, whereas E
has the smallest variation. Comparing the observations made when sample was placed
directly on a white paper with the reference technique, following pattern can be used to
describe variation in nuance:

e Samples D, F and G, which all have low blackness values, show greater whiteness and
lower chromaticness for the reference method. E, which has the highest whiteness
value, varies only slightly but could be classified in this pattern.

e Samples A and C, which have higher blackness values, show greater whiteness and
lower blackness for the reference method.
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Generally, the difference in hue values is greater when virtual images are matched with
glass samples than when the NCS atlas is used. However, there are no obvious similarities
with the variation in hues and nuances. It is interesting to note that when Ad-values are
weighed against chromaticness, the obtained values show much less variation as the colors
with the lower chromaticness are allowed to vary more in hue values.

The main conclusion from the pilot study is that it seems to be possible to use NCS
representation also for transparent materials. However, the standard viewing conditions must
be adapted to take account of the light that is transmitted through the object, which is
illustrated by the difference in whiteness between the reference color and the color observed
when the sample lies directly on a white paper. What is more, for transparent materials the
lightness value depends on the thickness of the sample. It is also indicated that the virtual
images match the nuance values of reference method quite well, but further studies are needed
to enhance the color appearance of virtual hue values.
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ABSTRACT

The main objective of the present study is to bring new perspectives on the application of
reflectance spectrophotometry to control stress through the analysis of skin color changes in
threatening situations, which has common implications in human and animal health. The
control of animals stress is challenging, as the biochemical diagnosis and control involve the
determination of stress biomarkers levels, e.g. hydrocortisone, and it is even more problematic
outside the laboratory setting. The management of skin color oscillations due to stress and
environmental conditions is presented through a new chromatic approach to the control of
animal welfare, and to the quality of animal food products —from the farm to the table. Stress
has adverse consequences on the quality of meat, affecting its color, pH and tenderness. The
influences of stress on the oscillations of skin color in humans and animals are the
consequences of reciprocal regulatory mechanisms between sensory perception, psychological
reaction, neurohumoral mechanisms and physiological responses, which are determiners of
the vasoconstriction of blood flow in responses to stress symptoms such as fear and fright.
The harmful effects of stress in animals could be minimized by the control of skin color
alterations during handling and transportation.

1. INTRODUCTION — STRESS AND ANIMAL EMOTIONS:
FROM THE FARM TO THE TABLE

The color of the skin may change and become yellowish; a condition generated by
psychological reactions, neurohumoral mechanisms and physiological responses to symptoms
of stress such as fear and fright — these mechanisms have common aspects in humans and
animals, Conceicao (2008). Fear responses in animals are difficult to predict because they
depend on how the animal perceives the handling and transport experience. Fear is a universal
emotion in the animal kingdom that motivates animals to avoid predators, Grandin (1997)."

Grandin explains that both genetic factors and experience are determiners of how an
animal will behave in a fear-provoking situation, animals with high-strung temperament are
more fearful and form stronger fear memories than those with placid temperament. Two types
of animals may have different physiological and behavioral reactions to the same procedure:
the one with calm temperament may adapt more easily and become less stressed with repeated
handling. The way an animal is handled early in life will have effects on its physiological
response to stressors later — memories of stress can’t be easily erased, Grandin (1997), Sacks
(20006).

! Grandin is a designer of livestock handling facilities and a Professor of Animal Science at Colorado
State University. She has a singular character and sensibility for the perception of animal emotion as
explained by the neurologist Oliver Sacks.
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Mounier et al. (2006), Buckham et al. (2008), and Gruber et al. (2010) make clear that
stress has adverse consequences on animal welfare and health, and also on the quality of the
meat, affecting its tenderness, color, pH, taste and hormonal vestiges. Buckham et al. (2008)
observe that the transportation of young beef bulls causes stress and thus alters physiological
variables, with negative impact on animal production. One possible consequence of
transportation stress is severe respiratory diseases, to which animals often succumb.

Buckham collected various samples (10 ml each, at -24, 0, 4.5, 9.75, 14.25, 24, and 48 h,
relative to the indication of transportation) and found that after nine hours of truck
transportation by road there was drastic increase in cortisol levels, significant decrease in
protein metabolism, and reduction in testosterone. The study concluded that researches of
physiological response to stress may aid future detection of disease-susceptible cattle after
transportation and suggest the necessity of further researches to validate the potential of blood
plasma biological biomarkers.

The control of the levels of animal stress is already challenging, as the biochemical control
and diagnosis of stress involve the classical determination of cortical levels, in invasive
procedures which needs a series of variants control outside the laboratory setting.

Studies to determine the amount of stress in farm animals during handling and
transportation have highly variable results and are difficult to interpret from the animal's stand
point, since stress in farm animal routines depends on how different individuals perceive
potential stressor agents according to genetic variability (temperament and hereditary
dispositions); physiological stressors (hunger, thirst, fatigue, injury or exposure to thermal
extremes), and psychological factors (handling, and reaction to novelty).

2. THE ORIGINS OF THE PARADIGMATIC VIEW ON STRESS STUDIES

Cannon, cited by Nitsch et al. (1981) devised a series of studies and experiments exposing
animals to stressor agents at the beginning of the systematic research of stress with two
focuses: revealing the somatic basis of symptoms (stress was seen as a clinical / popular
parameter); and the differentiation of the concept of biological balance in the notion of
homeostasis, a term of Greek etymology —from homo (same) and stasis (state)— that means
“constant condition”. The mechanism that regulates the vital conditions tends to maintain a
stable equilibrium regulated by mechanisms of feedback on (internal/external) essential
conditions - the metabolism of nutrients (proteins, vitamins, water, among others) produces
energy (internal), and the amount of the nutrients in the ambient (external), as well as the
threats and opportunities to obtain this resources - operating as an open/closed system.

Cannon proposes the concept of psychosomatic stress in relation to the environment and
social conditions, a process that results from the organism reactions to non-specific stressors.

Selye, cited by Nitsch et al. (1981) carried out experiments extracting and injecting
hormones in animals while simultaneously exposing them to a range of stressful situations. In
his experiments with rats, Selye discovered a hormone (epinephrine) which, in elevated
levels, causes several injuries, and he explained the “triad of stress” characterized by the
morphological degeneration of the thymus;> growth of the cortex of adrenal gland due to
excessive production of epinephrine;’ ulcers and bleedings in the stomach and duodenum, as
the result of a prolonged activation of the hormonal pituitary adrenal axis. Subsequently
inferring the General Adaptation Syndrome (GAS), explained in three stages:

* Thymus is the gland whose function is to produce lymphocytes, largely responsible for the organic
immune response.

* Epinephrine is the hormone responsible for rapid physiological responses of the organism to external
stimuli.
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1) Alarm reaction: (stressor identification) - something is perceived or realized as
threatening and activates the pituitary adrenal axis to stimulate the production of energy for
defense. It's the condition necessary to fight-or-flight response, characterized by an increase in
respiratory frequency; increase in cardiac frequency, increase in arterial pressure, sweating,
pupil dilation, anxiety, agitation, contraction of sphincters and the vasoconstriction.*

2) Resistance: (stressor agent persists) - the organism starts to operate at a higher energy
level, characterized by the continuous activation of the sympathetic nervous system. Neither
people nor machines can, however, operate indefinitely at a higher energy level or far from
regular parameters. It becomes necessary to attempt to develop coping strategies to neutralize
or reduce the harmful effects of the stressors on the organism, if there is a lack of coping
strategies, this stage results in the increase of the adrenal cortex, ulcerations in the digestive
system, irritability; and reduction of sexual hormones.

3) Exhaustion: (the final stage) - the stressor agent still persists and there is an eventual
return to the stress initial stages of alarm reaction as an attempt to produce more energy
(major increase of epinephrine, cortisol and other stress biomarkers), which results in the
classical symptoms of stress: inhibition of the immune system, emergence of inflammations,
ulcers, exhaustion and even death.

Selye, cited by Nitsch et al. (1981) understood the pituitary / adrenal axis as the decisive
basis of endocrine response to stress. In this sense, the vast majority of researches on animal
stress are currently focused on the control of physiological parameters: heart rate, blood
pressure, rectal temperature, weight control, control of hormone levels and the search for new
biomarkers that may help to better characterize stress.

The use of colorimetry for the control of skin color oscillations to stress management in the
context of animal psychology implies a change in the paradigm of stress researches from the
control of hormone levels to the prevention of stress and the promotion of animal welfare.

3. THE SKIN COLOR MEASUREMENT

The skin is the largest and most visible organ of vertebrates, a barrier between the internal and
external environment. The functions of the skin are: to protect the body from injury, invasion
of pathogens, and harmful substances; and to provide thermal isolation and energy storage.
The epithelial tissue, the nervous system and the sense organs have the same genetic origin in
the primordial layers of the gastrula ectoderm, U. S. National Institute of Health and National
Cancer Institute (2008).

Bindon (2009) explains that the color of the skin is due to three pigments: melanin, the
primary determinant of skin color variability, deposited in the upper layers of the epithelial
tissue; hemoglobin, a complex molecule responsible for the red color of the blood; and
carotene, the least common skin pigment, which gives the skin its yellowish aspect.

The perception of the skin color depends on the incident light on epithelial tissue and the
mechanism of absorption and reflection of the light by the skin pigments received by the eyes.
Sharpe et al. (2002), explain the physiological process of the color vision as trichromatic, but
mediated by the interactions among fourth types of photoreceptors cell in the retina, the rods
which contain the photopigment rhodopsin - constituting more than 95% of all photoreceptors
cells do not contribute to the color vision, except under twilight circumstance. They clarify
that color vision is mediated by three specialized photoreceptors, the cone cells, which

* Vasoconstriction: this mechanism confers the (human or animal) skin color the yellowing tone in
frightening situations. It is a very intense reaction - there are records of people who suffer injuries in
combats, but do not bleed. The internalization of the blood stream and the muscle contraction may be
the mechanism which confers cattle beefs its darker tone.
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represent only 7% of the remaining photoreceptors, have pigments (opsin) that respond to
electromagnetic spectrum short-wave (S-cones) sensitive to a wavelength around 420 nm
(blue); medium-wave (M-cones) whose pigment is sensitive to medium wavelengths, around
530 nm (green); and long-wave (L-cones), sensitive to wavelengths around 560 nm (red).

The perception of skin yellowing is difficult to the human vision because it may result
from the activation of the cones bistratifield cells or small field — tritanopia or loss of S-cones
functions by light-sensitive opsin to wavelength around 420 nm (blue-yellow), in the process
of the additive light syntheses blue-ON/yellow-OF, which is assumed to polarize the yellow-
blue color system. The neural locus of the cone antagonism is critical to the establishment of
the color opponent channels in the stimulus of presynaptic circuit, Calkins (2002).

CIE TC1-63 (2009) sees the reasons for some of the problems with the perception of
yellowish tones as the effect of small-field: since the (blue) S cones are rare in the retina, the
spatial discrimination in the yellow-blue direction is limited.

4. THE METHOD - SKIN COLOR MEASUREMENT

Serup et al. (2006) suggests the Chromameter CR-200 of Minolta for skin color
measurements, as it was used in many studies on skin cancer in the United State of America.

Conceigdao (2008) measured the athletes’ skin color alterations with the Minolta
Chromameter CR 410, a portable piece of equipment that measures the intensity of the light
emitted by a xenon lamp and reflected from the surfaces, which is captured by R (red), G
(green) and B (blue-violet) color filters, which simulate the trichromatic perception of the
color by human eye (S, M, L).

Serup et al. (2006), in researches of skin diseases, argues that the CIELAB system,
established by the Commission Internationale de | “Eclairage, is recommended for skin color
measurements; nevertheless, he calls attention to measurement errors and malformation of
skin, the variation of dermis and epidermis thickness and skin folds. He claims that oiliness
and moisture affect the skin brightness. Hair, blood vessels, moles and scars can be decisive in
the value of the measure.

5. RESULTS - SKIN COLOR OSCILLATION AND SYMPTOMS OF STRESS

Conceig¢ao (2008), made skin color measurements with the Minolta Chromameter CR 410
with aperture 8mm; mean of three consecutive valid measures of the skin color in the inner
upper arm of Olympics Athletes (n = 32), before (standard measure) and after low-intensity
training sessions only to elevate the activation of the organism, in situations of characteristic
sport stress.

The deltas of the oscillations in the differences in skin color were calculated by the
difference between the values obtained in pre- and post-training measurements. Statistical
relation between variables was investigated and analyzed by SPSS version 10.0 with
nonparametric tests (Spearman coefficient).

There was significant association between the color direction Db* (mean —0.24; min. —
1.51; max. 1.14) and the frequency of the feeling of fear’ (p = 0.000) and fright® (p = 0.001)
evaluated with List of Symptoms of Stress LSS-VAS, Vasconcellos (1985).

> The original item-question of the List of Symptoms of Stress LSS-VAS is: tenho medo (I'm scared).
% The original item-question of the List of Symptoms of Stress LSS-VAS is: Qualquer coisa me
apavora (I'm frightened of any sort of thing).
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There was no statistical association between the color direction Da* (red-green) in
measurement in the inner upper arm and the frequency of the feeling fear and fright.

There was no significant statistical association with total color differences expressed in the
CIELAB equations DEab* (mean 1.46; min. 0.53; max. 3.42), and the equation CIEDE2000
(mean 1.26; min. 0.45; max. 3.16), may because the principle stated in this equations fail to
describe small yellow color differences to encompass the human eye deficit acuity to perceive
variations in the direction of yellow-blue field.

5. PERSPECTIVES ON THE CONCLUSION OF ANIMAL STUDIES

The results of the preliminary studies with athletes point to new directions in the studies of
stress management and applications of colorimetry, Conceigao (2008).

Reflectance spectrophotometry analyses of the skin color are suggested as new chromatic
approach to the study and control of stress in humans and animals, since the reactions of fear
and fright are generalized and may have the same phylogenetic origins in the vertebrates’
evolution.

The management of skin color oscillations may be a new non-invasive procedure to the
control of stress in animals, possibly enabling the prevention of the harmful effects stress has
on health, as well as on the quality of meat - from the farm to the table.

The harmful effects of stress in animals could be minimized by the control of skin color
alterations during breeding, which is also associated with the reduction of diseases and
reproductive problems, Mounier et al. (2006), Buckham et al. (2008), and Gruber et al.
(2010).

Controlling skin color oscillations during handling, transportation and slaughtering would
be less complicated and less invasive than controlling blood and biomarkers stress
parameters, it would also help to understand the results of researches in the hormonal field.

The yellowness of the skin reveals symptoms of psychological and physiological responses
to stress, which has common implications in human and animal health —the same stressor
stimulus may affect one individual but not the other.

Studies based on the eye physiology may better explain the difficulty in perceiving small
differences in shades of yellow. It's necessary to study new colorimetric equations to
encompass/distinguish subtle color differences which are useful in many areas of science and
its applications.

The measurement of subtle color differences may require the development of new equation
to encompass the total color space which may have applications in other fields such marine
navigation.

The improvement of the animal stress management may help bridge non-tariff barriers in
international trade of food and meat products.
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ABSTRACT

This paper has as an objective to seek if a relation between colors, flavors and emotions exists
in a group of 100 Mexican students. With this purpose, we carried out an exploratory, cross-
sectional and comparative study. We found that there are mainly given relations in which
colors are primarily related with emotions through their meanings: flavors with colors, and
just in the case of the sweet flavor they related colors with flavors and emotions.

1. INTRODUCTION

Food has the objective to satisfy a requirement: eat. We consider hunger a physiological
normal and healthy reaction to the physical urgency of eat something due to an immediate
food deficiency. This process of satisfaction has two important aspects: the physical and the
emotional, both of them operating independently of the nutritional value of what we eat.
However, in this selection, the emotional factor plays a very important role. We can define
the emotions as a mechanism that allows the mind to describe our world and that enable us to
interact with people and things in our environment through a variety of subjective,
physiological and behavioral components (Davidoff 1980), and that involves the learning of
describe, understand and modify that environment using languages, symbols and behaviors.
On the other hand we have color, which has been studied since many years ago, as a
communication element that then become signs with a specific and recognizable content that
individuals handle as symbols (Ortiz 2004: 247). That’s why many symbols of colors are
ruled by principles based in their meanings that then become universal and timeless. We use
these meanings in a familiar way to evaluate objects, situations, people, and in this case, food.

Food, color and emotion

If we remember that colors are linked to the emotional aspect it is not difficult to accept that
when we select the food and their colors, we are influenced by emotions so we can’t detach
them from the activity of eating and so on to the selection and / or approval of some food.
This is the case of desserts (a fact that has not been ignored by food traders), that in addition
of the great amount of sugar they have they are usually pink because people relate this color
with positive affections (Ortiz 2000, 2004) so we can say that the psychological aspect
together with the colors becomes evident.

In the color-food relation field exists a series of ideas with no scientific basis that have
been transmitted generation by generation, ideas which nobody know where they were born,
and to which people have added their individual ideas trough years. These things transform
the original idea in an affirmative and collective knowledge, which is taken for true. For all
the above, we have the interest in give an answer to the question:

Is there a relation between food, color and emotion in a group of Mexican students?
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2. METHOD
Objective: To know the relation food / colors / emotions.

Type of investigation: Exploratory, cross-sectional, descriptive and comparative study, with
a non-probabilistic sample, only the people which wanted to answer the quiz was selected.
The sample was formed by 100 college students: 58 women and 42 men, all of them were
single.

Colors, flavors and emotions

As we can appreciate in Table 1, green was the most mentioned color in relation with food,
this happens because it was strongly related with fruits, salads and citruses. Then, in
frequency order, we found color red because of its relation with chili pepper and its presence
in different food. The third place was occupied by yellow because it is highly related to
citruses. The next color was pink and its association with desserts.

When information about colors and dishes was combined it was found that color red is the
color most associated with them, mainly with dishes made with tortillas (chilaquiles and
enchiladas) that are generally prepared with chili pepper, which occupies the first place in
Table 1. Mole and sauces, prepared with chili peppers were found too. Then, in order of
importance, we have the relation between pink and desserts and cakes, and the color yellow
present in almost all the dishes.

Emotions

When colors and emotions were related, it was found that emotions can be grouped on
positive and negative emotions. Positive emotions are happiness, love, compassion; and
negative ones are danger, insecurity and sadness. As it could be appreciated, green, pink and
red colors are separated from the other colors by the number of mentions they had.

It was found that red (as always) show ambivalence since it was related with love and
happiness at the same time that it was associated with anger. The color green was principally
integrated with negative emotions such as anger, insecurity and sadness. It should be said that
sadness has no presence in red or pink.

As it was expected, pink was related principally with positive emotions. The colors that
were not present in the previous group were white and its association to insecurity, blue with
anger and purple with happiness.

It was found that the most relevant associations were:

Sweet. This flavor is related to pink, fruits, candies and chocolates. It is also associated with
desserts, cakes, happiness, love, affection and tranquility.

Bitter. Related with yellow and green colors, with citruses and its higher relation was with
sadness.

Salty. It has no important relations with food, although it has an important relation with
insecurity.
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Sour. It was principally related to citruses and salads, insecurity and to color green, anger and
sadness were important too, with same color and same emotion.

Spicy. It exist a correspondence between happiness and love, chili peppers, red color and
chilaquiles and enchiladas dishes.

Bittersweet. This flavor is represented by orange color. It is associated to Chinese food and
anxiety.

3. CONCLUSIONS

As it can be appreciated with the results of the study:

e Every flavor has, in general terms, its own color like pink for sweetness, white for salty,
red for spicy and orange for bittersweet. Bitter and sour flavors share green color.

e The same phenomenon occurs with food, each one has its own color except for the case of
the citruses and fruits.

e Vegetables and processed meat food were found for different flavors.

e Anger and happiness are shared, however, with a more detailed analysis we found that
many of the emotions coincide with the meanings of colors found in other studies whereby
it could be affirmed that there is no relation between emotions and food but it exist
between colors and emotions.

o All results were found in a determined cultural context.

Table 1. Colors and food.

Food Red | Pink | Yellow | Brown | Green | Blue | Black | Grey | White | Purple | Orange
Dressings 1 1 1 2 6
Beverages 5 11 10 2 2 1 1
Meat 1 1 4 1 2 9

Chili pepper 67 2
chocolate 11 1 1

Citruses 3 1 32 5 89 6 2 1 3 5 22
Candies 1 21 2 1 1 2
Salad 1 1 1 12 1
Fruit 5 25 12 5 9 3 4 6 12
Salty crackers 3 1 1 3 2
Cakes 2 1 6

Fish & seafood 4 1 5 1 8 1
Salt 1 2 3 3 13 1

Sauce 8 1 1

TOTAL 88 | 60 69 27 130 22 9 6 36 15 49
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Table 2. Emotions and colors.

Emotions Red | Pink | Yellow | Brown | Green | Blue | Black | Grey | White | Purple | Orange
Apiiies 20 | 47 6 2 7 4 1 2 5 11
Love 15 | 20 2 1 1 2 1
Anxiety 1 2 1 1 2 3 7
Compassion 1 2 1 3 6 1
Conflict 3 1 1 4
Dissapointment | 1 1 1 1 4 2
Anger 35 1 12 8 17 6 3 3 7 1 6
Instability 1 1 3 2
Insecurity 1 9 1 18 3 8 1
Halter 1 7
Sadness 9 8 21 2 1 3 1 1
TOTAL 74 | 72 46 24 77 19 6 9 29 14 36
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ABSTRACT

The aim of this work is firstly to attempt to conceive and examine the alterations in
appearance resulting from chromatic effects, which the expressions of color give rise to in the
human psyche. Secondly, it is aimed at revealing and presenting the emotional value of color
in decisive and strict aspects as a relevant instrument in marketing and design. Color is critical
to attraction, and it must direct the reactions of people, becoming a protagonist of
consideration when it comes to the success or failure in selling food products on the market.
In spite of personal preferences regarding color, designers have to try to limit the consumers’
associations through reduced groups, interviews, consultation with color forecast groups on
market research, advertising and all the specialities which cordon off the launching of a
packaging item with foods. Thus, analysis and revelations enable the understanding of the
differentiation of food products on the market, making use of the phenomenology of color,
when it receives a signification or attribution of sense and enhancement through dissimilar
associations with a translucent language.

INTRODUCTION

The main aim of this work is firstly to attempt to conceive and examine the alterations in
appearance resulting from chromatic effects, which the expressions of color give rise to in the
human psyche. Secondly, it is aimed at revealing and presenting the emotional value of color
in decisive and strict aspects as a relevant instrument in marketing and design, taking into
account the chromatic value of foods, their packaging and the environment where they are
exhibited, as a factor of unity. Color is critical to attraction, and it must direct the reactions of
people, becoming a protagonist of consideration when it comes to the success or failure in
selling food products on the market.

THE PSYCHOLOGICAL ASPECTS OF COLOR

Colors are understood as mirages of the excitement of people and at the same time, reflexes of
sensitive promptness. In practice, we attempt to analyze the psychological problems of color,
the way in which they play upon the unconscious and the attribution of sense we grant them.
The sensation we experiment when looking at shape and color is a psychological process of
creation. The eyes receive information from the light energy and transform it into the nervous
impulse up into to the cerebral cortex, going through numerous changes. The brain operates
the translation of the information coming from the material world into the visual perception of
our three-dimensional and colorful world. This psychological creation of beauty in the world
that has become visible and surrounds us is nevertheless produced in ourselves.
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In the contrast of psychological colors, the great emotional distance existing between two
tones of colors is defined in concepts such as hot-cold, active-passive, strong-weak, feminine-
masculine, etc. These are visual techniques of bipolarity or opposite pairs; they highlight the
diverse possible operations and are fundamental for the visual expression.

ASSOCIATION AND MEANING OF COLOR

Over the years man has given an emotional and symbolic meaning to colors. Significant
colors differ mostly according to culture and time and they cannot be understood outside the
cultural context of a particular historical period.

Several of the concepts that were represented by certain colors are elements from which
everything is made of: water-earth, fire-water, the four winds, and four seasons. Spring is
composed predominantly by pastel colors; summer, by temples; fall, by oils and winter by
watercolors. Let us consider red as an example. Red contrasts cyan, following the association
and symbolism of colors.

RED: From the psychological-symbolic viewpoint, red has been used as a symbol of
passionate extroversion. It is a color of difficult attenuation. The human eye perceives it at a
high speed compared with other colors. It is a very accommodating color, which is flexible,
and receptive to light.

YELLOW: From a psychological-symbolic viewpoint, it has always been used in the artistic
iconography of the past as a symbol of reason, intelligence, wisdom and knowledge. It is the
most illuminated color after white.

BLUE: It is a passive color. It becomes active when used or observed from the psychological-
symbolical viewpoint. It has been used as a symbol of spiritual introversion, and feelings.

Psychology has proved that the function of color is not merely ornamental or static; it
responds to sensorial as well as physical motivation.

The human crystalline focuses on different colors differently, thus explaining that due to
the approach similarity for near objects and warm colors, these get near whereas the same
correspondence between distant objects and cold colors make them move further.

When lighting a dining room with red, yellow or green lights, the dishes display red,
yellow or green reflexes and sparkles, in a way that people at table lose their appetite, since
they cannot bear seeing yellow or green meat, which gives them a sensation of putrefaction.

COLOR IN FOOD, WRAPPINGS AND PACKAGING

Theorist Faber Birren thought that vermilion, the color of apples, cherries and raw meat, is the
most attractive color, which also bears an affinity with orange. When yellow is introduced
attraction begins to fade: yellow-green have the lowest primacy among food. It is obvious that
they are related to lemon and lime, whereas it is not so evident that apples are associated with
green.

Pure green attracts for its pleasantness and vitality. Likewise, blue and violet are
fascinating but not appropriate for main courses. Birren pointed out that tones do not upset
nor irritate so much and are not so tempting as pure colors. He stated that orange seems to be
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the best tint for food, whereas a yellow tone is better than pure yellow, and blue-violet tints
are not appropriate for food.

There are some examples of cases in fashion now, such as purple wines and yellow and
green soft drinks, and even though blue is not tempting as a color in foods, its affinity makes
it appropriate for packaging and containers.

Very often colors are associated with certain food in particular. Warm colors as orange,
yellow and red are associated with prepared food and cold colors are associated with fish.

For certain foods, some colors are accepted by consumers. Many times confectionary covered
in chocolate is packed mainly in brown. Blue, implying deliciousness and quality, may be
introduced.

HOMOGENEITY OF COLOR AND CONDITIONS

Sometimes the identity of the brand and the nature of the food product grow stronger with
each other. Each company creates its own color through thorough research. Certain colors
may have a great potential, call attention and even more, if it is equivalent to the name of the
brand. Therefore, it is suggested not to be altered. For a new brand to be connected to its
competitors, it must take into account the color established by the leader, which signals a hint
of color through the years.

This tactics may grant the product an immediate association. For example, Coke has used
red —and kept it— over the years.

Contrast constitutes significant power in the development of the visual link, it is a
revitalizing energy for the conception of a coherent whole, intensifying the meaning and
simplifying communication.

With the creation of contrasts we reach a basic point, easily understandable, of an
eminently practical application to achieve interest, vitality and variety within a unit.

To distinguish a food product, contrast is the best strategy to attract attention from the
shelves and aisles of the grocery stores, using a container of a color different from the kind or
condition frequently used and taken advantage of. To further stress the difference among
products, designers use photographs of fruit and cereal on packaging materials, in addition to
the usual photos of tea and coffee.

On certain occasions color already defined and having been on the market for a long time
must be renewed or substituted by another so as to be able to compete with more firmness and
soundness. Colors cause very strong psychological currents and affect more than the cost and
design of the product. Therefore, when it comes to color, designers have to take active part in
two fields: on the creative side and also on the marketing side.

CONCLUSIONS

Designers definitely have to work as a team with those responsible for the printing, so as to
obtain a proper color that really suits concerning containers and packaging of diverse foods,
since if such corollary is not followed, failure can follow. For example, if consumers notice
fading colors they can assume the product is old and that it has already reached its expiration
date.

The proliferation of new packaging material has flooded the shelves in food stores.
Therefore, marketing needs consideration. Dissemination can come second, but the main
premise to take into account is that packaging must demand consideration, trace and
belonging. Color has to intervene in an integral and well balanced way so as to transmit a
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coherent design strategy. The use of color in different designs of containers and wrappings
without a strong concept can be damaging instead of being convenient, whereas color abuse
can sometimes be suggestive and ornamental. Design depending on color usually dissipates
very soon. Design forms part of a superior whole: communication, and it is encompassed in
market research, strategic planning, advertising and all the other specialties which cordon off
the launch of a food product. Brand and product constitute an indivisible whole.

The emotional values caused by colors lead us to realize that color does not exist on its
own but it is always an aspect of the object —in this case food and its packaging—, considering
also the environment of its exhibition. The chromatic effects that color objects cause on the
human psyche are a relevant instrument in marketing and design.
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Use of color in the promotion of consumption
of fruits and vegetables:
The experience in the program “S a day Chile”

Paz COX, Maria Rosa DOMPER
Color Research Group of the School of Design
Faculty of Architecture, Design and Urban Study
Pontificia Universidad Catolica de Chile

ABSTRACT

The present research has raised several questions to be resolved in their development by
means of observing, recording, analyzing and concluding about the use of color in the
material to encourage of healthy eating behaviors. In this particular case is based on
promoting the inclusion of fruits and vegetables in the daily diet of the Chilean population.
The case of study is the program “5 a day Chile” and the material used was provided entirely
by them. Among the main questions posed at the beginning of this work is to establish the
degree of relevance of the colors chosen for each parts and components. Those are designed
to be carriers of the nutritional message and the visual coexistence with other design elements
such as photographs, illustrations, fonts, backgrounds and other things embodied in the
various graphic and elements analyzed and their degree of effectiveness and contribution to
the message sought to convey. It is also interesting to conclude recommendations and
standards to be incorporated in the decision of choosing colors, to be implemented in future
initiatives of the organization.

1. INTRODUCTION

5 a day is an international movement that promotes the consumption of fruits and vegetables
in the world and is present in over forty countries on the five continents.

Its name is based on the minimum amount of daily consumption of fruits and vegetables
recommended by the scientific and medical community in healthy eating. This program exists
in Chile since 2006, implemented by the Corporation 5 a day,' having an exemplary impact in
Latin America.

The paper described here is the presentation of the research, conclusions and
recommendations on the application and use of colors in the “5 a day Chile.” All this is based

' The Corporation 5 a day is a nonprofit organization founded by the Instituto de Nutricidn y
Tecnologia de los Alimentos (INTA), Facultades de Ciencias Agronomicas de la Universidad de
Chile, Pontificia Universidad Catoélica, Pontificia Universidad Catélica de Valparaiso and Universidad
Mayor. And representatives of the private sector as the Asociacion Gremial de Supermercados de
Chile, Asociacion de Exportadores de Chile (ASOEX), Central de Abastecimiento Lo Valledor,
Comité de Hortalizas de Chile, Federacion Nacional de Productores de Frutas de Chile and Sociedad
Nacional de Agricultura. And the continued support of government agencies such as Ministerios de
Salud and Agricultura, and international organizations such as World Health Organization, Pan
American Health Organization, United Nations Development Program, and Food and Agriculture
Organization of the United Nations.
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on observations and analysis of choice and color scheme, proposed by the program in the
publicity materials produced and used between 2006 and 2010. This analysis considers color
and perceptual aspects of the different graphics and digitals parts that are used for the
promotion, publication, educational material, recipe books and other products.

2. DEVELOPMENT

The advertising campaigns of “5 a day Chile” are base on the relationship between a group of
fruits and vegetables and their natural color. For the recommendation of daily consumption
they are classified in five groups, relating each one with a different color (red, green,
blue/purple, white and yellow/orange). So the daily recommendation of eating five portions of
fruits and vegetables is combined with the suggestion if it is possible to include of all groups
and therefore of all colors proposed by the program.

This type of recommendation of “five portions of five colors” as researched, is a peculiar
feature of the Chilean organization. In other countries, while they maintaining the concept of
“five a day”, this is referring rather to the number of servings, without specific reference to
the inclusion of the five color groups.

In a first look of institutional websites available on the website of similar organizations in
different countries, the five groups represented by five colors are in all of them present in the
corporate image, with color and tonal variations that are recorded and analyzed visually and
like references of the Chilean case underlying on this paper.

This primary analysis based only on visual observation of what is available on the Web,
confirms that the Chilean case, for the purposes of research and analysis from the point of
view of the discipline of design is particularly interesting.

In contact with people in charge of the organization “5 a day Chile”, especially in
interviews with Mrs. Isabel Zacharias, a nutritionist at the Institute of Nutrition and Food
Technology (INTA), University of Chile and developer of the program “5 a day Chile”, we
detected in her and her team great sensitivity and conscience of the relevance of careful work
with the colors for the effectiveness of nutritional message and also the need to bring in
specialists to make decisions on proper handling and application of the five color tones, and
finally concluded on the importance of regulating the use of colors, by proposing a color
chart, to be applied in various communication media used in the future.

This deficiency detected in the work of nutrition specialists and designers, is easily
explained, since the scientific training of engineers in food and nutrition team “5 a day Chile”,
suffers visual parameters guiding to make design decisions. Therefore they have to face a role
in graphics and chromatics decision making in the materials of promotions, doing that without
proper discipline and experience it.

3. MATERIAL OF ANALYSIS

As part of this research is used a variety of printed material produced in the intervening years,

such as:

e Brochures printed in color that motivates the consumption of fruits and vegetables
associated with colors to be spread among customers of a major supermarket chain in
Chile.

e Brochures printed in color with similar content of the previous case to be broadcast in
favor healthy eating campaigns undertaken by the State of Chile and funded by the
Ministries of Health and Agriculture.
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e Brochures printed in color for students and their parents with consumer recommendations
and motivating the incorporation of fruits and vegetables of the different colors in
appropriate portions in the usual diet. This material is distributed in government campaigns
that promotion of healthy diet and obesity control.

e Brochures printed in color for food school guides, to be distributed in clinics under the
Ministry of Health, which offer healthy eating advice and examples of dietary patterns and
physical activity tips to fight obesity.

e Brochures with information about the “5 a day” program, its objectives, action areas,
participants, founders, member’s adherent and motivation for the incorporation of the
recommendations suggested by them.

e Brochures printed in color with full information on the nutritional intake of different fruits
and vegetables and information on the five recommendations and their implementation in a
balanced daily diet according to the characteristics and activities of consumers.

e Brochures of recommendations on healthy eating and its relationship to cancer prevention
to be distributed in campaigns initiated by the State of Chile, funded by the Ministries of
Health and Agriculture.

e Materials designed for schoolchildren and their parents, such as notebooks, diaries, pencils,
coloring sheets, rulers, magnets, badges and calendars to be distributed among students in
the scholastic system, as part of campaigns on healthy eating, promoted by various
educational establishments “5 a day Chile” and supported by the Chilean state.

e Book of healthy recipes that encourage the inclusion of fruits and vegetables through the
delivery of recipes and daily feeding recommendations, easy to understand, to be applied
in everyday family life.

e Compendium of the “5 a day Chile” program reporting its importance, implementation,
challenges, goals and action plans, among others.

e Textiles clothing such as aprons, t-shirts and others that promote the campaign “5 a day
Chile” with the institutional logo.

e Bags for transporting fruits and vegetables, with messages and logo printed to replace the
plastic bags provided by supermarkets and sales of fruits and vegetables to their customers.
The institutional website of the program 5 a day.

4. CONCLUSIONS

In the investigation are research coloristic and sensory relations between color, taste, texture
and even smell of fruit and vegetable, symbolic and significant associations between the color
that is assigned to the classification and the concept that is transmitted through it to
consumers.

During the investigation, sensitive color observations were made, to decode the chromatic
proposal raised by the program, identifying certain stimuli that cause sensory and
psychological associations with the colors, their relevance and the degree to which they affect
consumer perception. It seeks to demonstrate through empirical evidence that the colors
provide more than just visual information to recognize them expressive and communicative
functions.

In the development of perceptual analysis color observations are made, leading to make
recommendations, proposals and color and visual standards, embodied in color charts, in
order to be considered in the production of graphics and digital material.

The present research is raised from the gaze of the designer, who works with food
engineers and nutritionists, through a collaborative work, provide an appropriate chromatic
language that contributes to the success of the program.
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ABSTRACT

Not simply for satisfying people’s appetites, Taiwan’s diverse food diet has been developed
and influenced by the natural environment, the economy, politics, religion and culture. The
health-enhancing concept of “tonic foods” is inherited from China’s “I-Ching” (Book of
changes), including the philosophies of Yin-Yang and five elements, which affect the taste,
appearance and cooking method of health foods.

Moreover, seasons are important to tonic foods. Special attention must be paid to seasonal
rhythms in order to maintain the original flavor of the ingredients with respect to color, smell
and taste. When serving food, containers of appropriate color, shape and texture are selected for
different dishes and seasons.

The focus of this study is to discuss literature relevant to the preparation process of health
foods, from raw ingredients to cooked dishes. Color survey samples will be selected and
evaluated for investigating taste and smell. The “color image scale”, developed by Shigenobu
Kobayashi, Japan’s leading color psychologist, will be used to explore the effects of food color
on human senses and appetites on a psychological level (Kobayashi 1990, 1998). By studying
traditional eating habits, a health-enhancing color scheme that integrates Eastern philosophy
with modern food culture will be proposed.

1. THE RELATIONSHIP BETWEEN THEORY OF FIVE ELEMENTS AND
HEALTH PRESERVING IN FOUR SEASONS

Birth of every life in the universe is formed from a kind of invisible ‘Qi’, and human body
also depends on the air, water, energy, materials and land for a living. The great cosmos of
nature world and the small universe in human body hold a constantly balance by contributed
changing of Yin and Yang, and then naturally form a relationship of interdependence (Figure
1). Ancient Chinese believed that there are five kinds of energy mutually reinforce and
neutralize each other, which are Wood, Fire, Earth, Metal and Water, in the atmosphere. In
nature, seasons change with Spring, Summer, Autumn and Winter. Human and nature have
closely related phenomenon, not only affect the human’s physiological function and
pathological changes, but also has intergeneration with the nature. Therefore, paying attention
to the change between the small universe in human body and the great cosmos of nature
world, and maintaining a harmonious symbiotic relationship with each other become
important health concepts of five elements (Table 1).

Today, the spirit of theory of the natural health perspective, the key is ‘according with the
law of the nature and the will of the time, then focus on seasonal health preserving’. So we
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should gradually implement health tonic and maintenance under the 24 solar terms of their
climatic characteristics. ‘You are what you eat’. It has a positive significance on disease
prevention, and also implements the ideas of health prevention (Figure 2).

P
{.e®

Figure 1. Symbiotic relationship between human and nature.

Table 1. Five elements theory correspondence table.

Theory of five Five elements Wood Fire Earth Metal
elements
Five colors Green Red Yellow White
Theory of food venl 3 B S o
and five el ts Five flavors our itterness weet iquancy
Five properties Mild Warm Flat Cool
Five internal Liver Heart Spleen lungs
organs
Theory of Five entrails Gallbladder Intestine Stomach Colon
human body and -
five el ts Five senses Eyes Tongue Mouth Nose
Five Substances Tendon Blood Pulse Muscle Skin
Five Limbs Fingernail Facial expression Lip Fur
Theory of space- East ( Left Green South ( Front Central ( the Central ~ West ( Right White
. Five Directions
tlmle and five Dragon ) Vermilion Bird ) Unicorn ) Tiger )
Five Seasons Spring Summer Midsummer Autumn

Source: Reference and modify from Chen (2002: 125).

in Qi Yin Qi
Yin Qi grow
to the height gradually
go down

Yin Qi

Yang Qi
gradually

gradually

grow up grow up [ \
Mutval promotion of the five elements
N S
P
Yﬂ al ro o?:le '_VT -k; 4 -
ggr: down ~ g S l:’<\x Repelling one another

Figure 2. Relationship between Yin Yang five elements and health preserving in four seasons.

2. THE APPEARANCE OF HEALTH FOOD IN TAIWAN

We could carry on tonic health under the 24 solar terms. In addition, farmers can also do spring
planting, summer cultivation, autumn gain and winter stockpile and other farming activities
according to solar terms, to suit the four seasons and keep grain not exhausted. Following is
characteristic for the industry in Taiwan for four seasons health food samples (Table 2).

50



AIC 2010 Color and Food, Interim Meeting of the International Color Association — Proceedings

Table 2. Five elements theory correspondence table.

Ingredients of five colors

Cuisine of five elements

Season
Appearance in origin place < Change — Table showing
Sunshin Green Onion, Yilan. ireen onion Pancake, chicken in Scallion oil
Spring =
Red beans field of Daliau Tofu pudding w1th red beans, sticky-rice ball with red beans
Township , Kaohsiung County
Summer

Midsummer

Roselle of Luye Township,

Taitung County

Lily flower of Lioushihdan Mountain,
Fuli Township, Hualien County
S

Roselle and chrysanthemum tea, Roselle and apple tea, Roselle
preserved fruits
e —

Mango of Yujing Township,
County
>

Mango section

D

dried mango, Fried shrimp mango, fried Mango abalone
mushrooms

Lotus field of Baihe township,

Water chestnut of Guantian
township, Tainan County

Tainan County & Lotus root
e ’

Roasted sweet potatoes, Sweet potato chips, Sweet potato's leaves,
Honey sweet potato, Candied sweet potato

Tonluo township, Miaoli County

m& s
w'?u’??

L3

|k

Chrysanthemum field of Jiouhue village,

Chrysanthemum soup,Chrysanthemum tea

N

Autumn

Winter

Cln er & Fresh Gmger

B—

Gmger section

>

Ginger tea

ke ]

Bamboo shoot

Bamboo shoot

Onion of Checheng township, Pingtung County

Fresh milk fish

Dried bamboo shoot ,Stir-Fried Chicken with Bamboo Shoots, Fried hot
bamboo shoot Bamboo and chlcken soup, Bamboo and chicken soup

Milk fish ball

mged mullet

Mullet roe

Mullet roe slice, mullet roe
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3. APPLICATION OF MODERN FOOD CULTURE

We use the color image scale (Kobayashi 1998: 11) to carry on perceived association for five
colors and five flavors of food. Horizontal axis is for the visually warm to cold, and vertical

axis is for the palate light to strong. Color image present changes on place of origin, harvest,
cooking, conditioning and collocation (Figure 3).
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Figure 3. Color presentation of health food in Taiwan from place of origin to dining table.

4. CONCLUSIONS AND RECOMMENDATIONS

We Use 12 sets of image words to do color collocation base on five colors (green, red,

yellow, white and black) of food (Kobayashi 1998: 15), and use five colors (five elements) in
modern food culture dishes (Figure 4).

healthy

Figure 4. Color image of health food in Taiwan.
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Color strategies for food packaging:
Systematic compilation and analysis of chromatic palettes
of olive oil’s package

Javier Alejandro CASTILLO CABEZAS, Paulina BECERRA
Programa Color Luz y Semiética Visual, Facultad de Arquitectura, Disefio y Urbanismo,
Universidad de Buenos Aires

ABSTRACT

The present work represents the initial stage of an exploratory research project on the field of
packaging design for food. This project aim to analyze chromatic strategies used on different
packed products segments, understanding as segment each one of the groups —milky, canned,
oils, etc.— in which the diverse food products are gathered and sold on retail.

Our work is based on the hypothesis that for the different food products exist certain
chromatic conventions and codes, born from consumption traditions and habits. Our research
will try to make visible the strategies of adhesion or transgression to these codes,
implemented by the companies in their attempt to establish a position on consumer’s mindset.

In this occasion, we will present the methodology developed to compile the information
and some initial results of the analysis of olive oil segment.

1. THEORETICAL FRAMEWORK

Considering the aim of the project, a theoretical framework is built on the crossroad of three
fields: human vision —as the mechanism which allows the subject to have a perception of
products—; morphology —as the taxonomic dimension of different formal aspects of product—;
and semiotics —as the combination of perception with socio-cultural values. The main
approaches are summarized in Table 1.

Table 1. Theoretical approaches that build this project’s framework.

Field Approach
Color is a psychophysical phenomenon, trigged by the light that stimulates
Human vision color receptors in retina —whether if it comes from a direct source or remitted
by the interaction with an object.
Form It is defined by the registration of the alternatives on four
parameters: spout, neck, body and label (Vila Ortiz 1992)
Color It is defined according to NCS system, using its notation code and
Morphology variables: blackness(s), chromaticness (c) and hue (¢)
(Categories taken Cesia It is defined by determining the levels of darkness (absorption),
from Jannello, 1984) permeability and diffusivity of each element of package (Caivano
1991, 1996)

Texture It is defined by three variables: direction, size and density
(Jannello 1961)
As defined by Morris (1938) our project works on the field of semantic: the
Semiotics study of signs according to its ability to represent and transmit information of
an object, which is beyond the sign itself (see also Caivano 1998).
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2. METHODOLOGY

Our analysis is carried out through a methodology that combines different levels of
information: on the one hand, the systematic collection of colors and color-combinations
present on packages which are distributed in local market; and on the other hand, a semantic
analysis of package’s elements, both structural (bottles, caps, cans, etc.) and graphics
(typography, miscellaneous, illustrations, etc.).

To compile the necessary information for this analysis, a photographic register of
package’s fronts is made, in order to reproduce as far as we can, the average visual conditions
—lightning, scale, position, etc., in which the product meets the consumer on retail.

The data collection of each case is made through a form, with the aim to compile all
information of samples at a same level of depth and detail. The data sheet (Figure 1) includes:

a) General information: brand, product, contents and origin.

b) Form (both structural and graphics): components, materials, finish and % of surface.

¢) Color: color map, NCS notation, location on NCS solid, and % of each color over total

surface.

d) Cesia: levels of darkness (absorption), permeability and diffusivity of each element of

package.

e) Texture: direction, size and density.

Material
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Figure 1. Sketch of data sheet for collection and systematization (in Spanish).
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3. PRELIMINARY EXPLORATIONS AND FURTHER TASKS

In the first stage of this research project, it has been made some preliminary explorations with
a double aim: to assess the methodology tools; and to generate the first color palettes for
semantic analysis.

In these sense, olive oil segment have been chosen as a test group, to use it for final
definitions on methodological approach and data collection.

One of the key issues for data collection, as the methodology is based on images taken
within lab simulation, is the definition of lightning and scene conditions for photographic
register.

a b c d e f g

Figure 2. Exploration of lightning conditions for photographic register. (a, b, c, d, under
fluorescent light; e, f, g, under tungsten light).

Based on these explorations, it has been defined the following conditions for the photo

scene:

a- Product position: package must be in front position, with main side perpendicular to
visualization direction, in order to maximize the exposition of label and/or graphic
claim.

b- Lighting condition: department store light (CWF or TL84), front-zenith position, as
the aim is to simulate the conditions in which products meets the consumer.

A second issue was to determine how to process the pictures, in order to assemble the color
palettes, and define the percentage of surface occupied by each color. To that purpose, it has
been started an exploration of techniques —pixelation, blur, color maps, etc.— and software —
mainly Photoshop and MatLab— to determine the best set of tools to be used on picture
processing.

Figure 3. Exploration of lightning picture treatment to create color-maps. In this case, a
process of pixelation is made, from original picture (left) and increasing the size of pixel to
visualize dominant colors and color distribution.
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On this stage of the research, the operative process of image treatment is being defined
throughout different explorations. Once this step is completed, we will be facing the data
collecting and systematization stage, in which we will make a thorough gathering of the
information related to selected sample —olive oil package. Fourth and final stage will be work
on the classification and comparing of these data to undergo the final semantic analysis.
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Colour as a code in food packaging: an Argentine case
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ABSTRACT

Intellectual and emotional aspects of the product’s image raise the concerns about its
qualities; concerns about nutrient content, the ingredients, the amount of sugar, salt, fat. The
product appearance induces expectations. “Expectations govern our attitude to food and the
food scene. We deduce from the appearance of the food in front of us whether it will harm us
or be good for us”, says John Hutchings (2003). The consumer searches for the attributes he
considers most suitable according to his internal needs, in the products he wants to buy. It is
necessary to define a target segment to propose the product that is effectively closer to the
ideal of the buyer and to communicate its benefits. This is why the packaging has a big
responsibility. Emotions, memory, social patterns, are behavioral areas in which colour plays
an important part. There is a message to remember, and the packaging is a message in itself; it
helps to guide, motivate and encourage consumers in their purchase decision. It is imperative
to choose the potential customer for the message; each target has its language, its
expectations.

1. SEGMENTATION

It is significant to consider two types of segmentation: functional segmentation and
psychological one. In the functional segmentation the idea is to group consumers according to
the functional advantages the consumer is looking for. When the products are addressed to
health conscious consumers, the packaging, associated to the product concept, can produce a
functional segmentation. Packaging has a decisive influence on the consumers perception, and
therefore, in the purchasing decision.

Psychological segmentation is based on the characteristics of the consumers social class, their
lifestyle, reference models, their personality, involved in the emotional satisfaction they
obtain in the purchase. The psychological differential advantages are often more sustainable
than the functional. Packaging must show specific signs, build confidence as much as
unambiguous product identity (or clear).

2. CHANGES IN CONSUMER

Consumers, increasingly informed and demanding, have taken the lead. They show new
desires, seeking harmony between quality and wellness In the twenty-first century the will to
live in a more human and less frivolous world emerged. Banality is being outdated. The
importance of healthy living, honesty and revaluation of emotions are values that flourished
and increasingly permeate many aspects of life. Packaging design is one of them. Information
and consciousness: accompanying the suitable healthier urban living, many products are
incorporating functional values as a vital part of their communication systems. Nutritional and
functional information are relevant when choosing a brand or a particular variety.
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3. VISUAL IDENTIFICATION

Colours are created in our brain as a perceptual tool to facilitate our visual-cognitive and
visual-emotional functions. Colours are more than a physical process: they works as a signs
system, a source of information decoding the world around us. In this world, the products we
buy every day are present. The consumers develop their opinion about the products they see
in less than 90 seconds from their first interaction with them. Between 62% and 90% of that
assessment is based on the colour of the product (Institute for Color Research, Color
Communications, Inc.). A complex semiotic process enables the understanding of products
differentiation on the market. The impact of colour on the decisions about what product to
buy is due to the fact that it is a symbol that reflects the image we have of ourselves, our
personality.

4. THE COLOUR OF THE PRODUCT

Colour is an essential element used a sign to represent desirables product attributes.
Consumers respond to the “total product” that also includes their image. Successful design
requires an awareness of how colors communicate meaning. Colour can provide information
about the quality of a product and can also show a strong association with certain product
categories. Green, for instance, is associated with natural products (Figure 1).

The graphics and colours used in the package must be consistent with the status or image
or expectations t it wants to satisfy and must serve to identify and locate the product. Colour
improves readership. Colour can be used as a referent code system for the product. Colour
coding helps to clearly identify the desire product.

In package design some actions apply to the expected typology change in order to produce
a strong identification with the brand (Figure 4) We also find the opposite strategy, which is
to favor the association with the category identity. Breaking the category code can be a key to
differentiate a new product. In spite of the fact that some brands traditionally use green as a
strong identifier (Figure 2), green colour is used in associations with the green countryside
and healthy products in most countries. Green is related to nature, freshness, fertility, peace,
hope, humidity, regeneration, growth, relaxation; is calming, curative, and balsamic, in its
positive meanings. In many countries is used to identify bio products. In some others, green is
also a visual attribute related to low fat; so do pink and light blue (Figure 6 and 7).

5. DIET OR LIGHT PRODUCTS

Important changes in consumption values caused a typological substitution in the colours
expected for certain products. The irruption of diet and light products and the explosive
growth in value reached by the concept “low calorie” produced an unexpected change in the
colour paradigm.

The first experiences in colour for diet products focused on white, silver and pastel colours
as pink. Finally, green, associated with nature, became a strong identifier for this type of
products. Then, colour is not talking about product attributes but on their feature of being
“light” instead.

Colours meaning can also have a regional value, given by a mixture of cultural
interpretations associated with some colours and their historical use. In Spain, for instance,
light products began to appear in the 80’s proposed as healthy products. Begofia Hernandez
Saluefia, from the Department of Physics of the Public University of Navarra, after consulting
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several dairy companies, says that there is no official code for the colours of the milk pack.
The use of colour by type of milk (blue for the whole, green for semi-skimmed and skimmed)
has to do with the organization in supermarket shelves and with the communication for
consumers. These colours appear having being selected by the first brand that sold these
products, followed for the other brands. But several brands have recently decided to break that
tradition and begun using colours more for identifying the brand than the category (Figure 3).
Central Dairy Asturiana, for example, has decided to use red for whole milk instead of blue
and blue for the semi-skimmed and green for the skimmed. Pascual, uses dark blue for whole
milk; light blue and pink for semi-skimmed and skimmed.

6. LIGHT PRODUCTS IN ARGENTINA

It is interesting to see how in Argentina, green colour has definitely been adopted as a
category code, especially in dairy products. The low fat dairy products area at the supermarket
is easily recognizable from far away in a green spot.

Gonzalo Petracchi, packaging designer for Sancor, says: The green code emerged in the
argentine market around the 90s, when the changes from diet products to light ones came out
in order to clarify what was being offered to consumers. Diet products sought a cleaner and
pure image, in association with reduced-calorie diets choosing a colour as blue/cyan. At the
beginning of the change, diet and light were virtually synonymous, but light category
products wanted to find their own individuality in a codified meaning, an identity charged
with emotional values as care and health, without giving up flavor (Figure 8).

The official Argentine food code and that one of Mercosur include the requirements for
food labeling, in order to give the information that builds confidence, but no rule appears
mentioning the use of colour as an identifier.

Green is the colour of security. It is also the colour of permission. Green packaging assure
us to eat healthy, preventing us from getting in a colour as blue / cyan fat, with safety,
confidence, certainty. Big companies of massive consumer products invested heavily in
communication to encourage the establishing of an expressive symbolic code. In the last two
years, in Argentina, this code has widely spread to others categories (Figure 9).

We are here celebrating the power of colour. I would like to end remembering what
Charles Riley wrote in his book Color codes: “completely mastering color is impossible, but
the power it imparts to those who dare to handle it is as profound as that of light itself”. He
says also “colour is a third Promethean gift, like language and fire” (Riley 1995).
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3. Spain
Red-Blue=Whole/Blue-Pink= Light

5. Germany 6. Italia Blue=Whole ~ Pink=Whole
Red=Whole=Fat Free=Low Fat Green=Whole/Red=Low Pink=Low

7. Chile 8. Argentina Red=Whole
Blue=Whole/White+Blue-Blue-Green=Low Fat Green=Low/ Blue=Whole Green=Low

godet | Codet
-

9. Argentina- Others categories using Green as light=Low fat
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Food package chromatic design:
An analysis from the point of view of visual perception
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ABSTRACT

The purpose of this paper is to present an application of Visual Perception Model Sens-Org-
Int to a chromatic analysis of food packages. Sens-Org-Int Model was devised by the present
author, published and awarded in IVLA’s (International Visual Literacy Association) 2007
Book of Selected Readings. The model differentiates three processes that occur in human
perception: sensory impressions, organizing processes, and interpretive processes of visual
perception. Sens-Org-Int Model was devised in an attempt to differentiate which principles or
laws of design and art are common to all human beings with normal eyesight from the
concepts that are not common to everyone. Those that are not common therefore are learned
or otherwise acquired. This theoretical model is now put into practice, in an attempt to
analyze food packages. This paper, thus, shows the results of such analysis conveying some
important information on food package chromatic design. Examples of packages are shown to
illustrate the concepts discussed. Results include reasons on why some chromatic packages
work better than others.

1. VISUAL PERCEPTION MODEL SENS-ORG-INT

In the 19™ century, perception was studied as a passive stamping done by exterior stimuli on
the retina. It would then reach the visual cortex, the zone of the occipital cortex that receives
stimuli generated in the retina, resulting in an identical image (isomorphic) as the primary
stimulus.

Modern psychology refutes this notion and views perception as an active process that
involves the search for corresponding information, the differentiation of essential aspects of
an image, the comparison of these aspects with each other, the formulation of appropriate
hypotheses and the comparison of these hypotheses with the original data (Bruner 1957,
Leontiev 1959, Luria 1981, Vygotsky 1956, 1960, Zaporozhets 1967). Familiar and non-
familiar images can be differentiated by longer or more contracted paths of perception (Luria
1981).

Telford (1970) differentiated sensation from perception in that the first comprises a simple
conscience of the dimensions of experience, while perception implies the sensation and the
meanings that are attributed to the experience. Thus, for this author, the determinants of
perception are: context, constancy, distance, perspective, interposition, brightness, position,
direction, accommodation, convergence, motivation, emotion, and personality.

Theories about perception tend to emphasize the role of either sensory data or knowledge
in the process. Some theorists have adopted a data-driven, bottom-up stance, or synthetic
approach, according to which perception is direct: visual data are immediately structured in
the optical array prior to any selectivity on the part of the perceiver proposed by Hering
(1850), Gestalt theories, and Gibson (1979). Others adopt a constructivist, top-down or
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analytical approach emphasizing the importance of prior knowledge and hypotheses, argued
by Berkeley (1709), Helmholtz (1925), and Bruce et al. (2003).

Sens-Org-Int Model was devised in an attempt to differentiate which principles or laws of
design and art are common to all human beings with normal eyesight from the concepts that
are not common to everyone. Those that are not common therefore are learned or otherwise
acquired. Therefore, this model unites the synthetic and the analytical approaches to
psychology as well as neuroscientific explanations (Chalupa and Werner 2004, Knoblauch
and Shevell 2004, Pinna and Spillman 2001, Shimojo et al. 2001, Spillman and Levine 1971,
Zeki 2000) on how the brain works, and relates them to classical art and design principles.
With this framework, we are then able to tell, from the classical art and design “laws,” which
ones can truly be considered a principle valid for all human beings from those that cannot.

The term law sometimes carries the connotation of something that was decided by
someone or a group of people. Therefore, it is natural to want to question laws for the sake of
creativity. Now, when we consider the model, we can differentiate what truly is a law that
cannot be questioned simply because it was not decided by someone. We are talking about the
nature of the human eye and the human brain and not about someone’s decision that could be
questioned.

The proposed model of Visual Perception is shown in Figure 1. The variables intrinsic to
the model are SENS, ORG and INT respectively explained below.

commimes -
, beural signs
' until
primary

'
i visual

in the form: corlex

visual stimuli

Figure 1. _
Sens-Org—Int Model. i arcas ol the brain V2 and bevond

- interference of motivation. emeotion, ;
culture, memory, personality. knowledge, ew.

Sens variable is related to information received through the pupil in our visual sensory
organ. This aspect of perception is a phenomenon that occurs in the eye only, where visual
stimuli are still in the form of light, before they become neural signs in the retina.

Org variable is related to organizing aspects of perception that occur starting in the retina,
including what is considered the primary visual cortex, in area V1 of the striate cortex. Org is
related to the bottom-up approaches of visual perception in psychology. The phenomena of
perception that occur as Org are what can be considered as laws in art, like Gestalt laws were
named.

Int variable refers to the elaboration of Org in the extra striate visual cortex, including
approximately areas V2, V3, V4 and V5 of the brain, and moving on to other areas of the
brain. This variable refers to the top-down approaches to visual perception in psychology. It is
in this moment of perception, that neural cascades occur, which undergo the interference of
motivation, emotion, personality, culture, knowledge, etc. This aspect of perception causes
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variation and interpretation in art and design and in the proposed model, is called interpretive
processes. Topographically, there is no exact location for Int to occur in the brain; complex
meanders and cerebral elaborations are here intertwined, not to mention the brain’s plasticity,
permitting functional compensations (Gatass et al. 2001).

2. APLLYING THE MODEL FOR FOOD PACKAGE DESIGN

This theoretical model is now put into practice, in an attempt to analyze food package design.
The oral presentation to this paper will have many more examples, but due to space
limitations, here only four examples are described. In Figure 2 we have a picture of four
packages of a Brazilian brand of fruit juice, designed by Narita Design office in Brazil.

Starting with Int variable, which is the variable that opens a wider range of interpretations,
we can see the following perception items: the iconic representation of fruits, words and a
splash. These three items belong to Int (which refers to the top-down approaches to visual
perception in psychology), because all of them require previous cultural codes for their
understanding. For the fruits shown to be understood by the observer, he/she must know the
fruit beforehand. The first three fruits are well known worldwide, but the last one, is the
Brazilian fruit Caju, which probably won’t communicate to everyone in the world. Just as the
words used, only people who read Portuguese and/or know the Latin alphabet can understand
what is written. Apart from these three Int perception cues, also issues of aesthetic
preferences could be discussed.

Now, going to Org variable, which refers to the objective aspect of visual perception, we
can see an efficient color package design. This is so, because there are perception cues used
that can be generalized to all human beings, independent of culture. These relate to the colors
used, more specifically, the contrast of cool and warm colors. This contrast can be classified
as Org, because of chromatic aberration and physiological factors. Classifying this contrast as
Org, means that to all human beings with normal eyesight, cooler colors would recede while
warmer colors would advance in our perception of the image.

According to Kaiser and Boynton (1996), perhaps because the human eye is not made of
glass, no correction for chromatic aberration has evolved. If the eye is accommodated
(focused) on a distant red target of wavelength 700 nm, a distant violet one of 400nm would
be seriously blurred. Apart from chromatic aberration, there is evidence that the excitatory
and inhibitory features of perceived warmer of cooler colors do have a physiological impact,
as revealed in increases and decreases in ordinary vital signs (e.g. blood pressure, oxygen
uptake, heart and breathing rates), alpha wave activity, galvanic skin response, the effect on
hyperbilirubinemia (jaundice), the frequency of eye blinks and epileptic seizures, among
others (Kaiser 1984).

In these examples, if the relative warmer colors were inverted with the cooler ones, of
course the packages would have been able to be understood, but the wrong elements would
catch the eye. Therefore, these are examples of packages that communicate efficiently to the
human eye, since their Org perception attributes are correct. In the oral presentation, more
Org attributes will be illustrated in other food packages, conveying examples of package
chromatic design fundamentals. Chromatic Org attributes may be considered as chromatic
design fundamentals, since they establish the objective perception cues for the human eye.
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Figure 2. Brazilian fruit
Jjuice package.’
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Compatible colour palettes for natural food packaging
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ABSTRACT

The idea of packaging is as old as human civilization, since the transportation and storing of
products has always demanded putting them in containers and boxes, as well as the protection
of food from dust, rain, humidity and other deteriorating agents. Similarly, the influence of
colour as an identifying and communicating element of the attributes of those signs, acquire
today a central role, key in the visual communication of the product image.

In the case of consumer goods, particularly food, the packaging is not only a simple
wrapping for protection, but it becomes a mean of communication, used to reflect the product
image that is intended to transmit to the consumer. Consequently, the packing size, shape,
colour, the typography for the texts and materials used in its elaboration, become of key
importance making the packaging its own seller and becoming sometimes the connection with
the consumer, since it anticipates what the consumer thinks or awaits from the packaging,
generating a sort of meta-communication since it expresses what the packaging contains or
supposedly contains.

There are many factors in our reality, either psychological or visual, that determine the
appropriate choice of the packaging colour, shape and material, according to the adopted
commercialisation strategies. These factors become more important day after day, and they
vary according to the cultural traditions and tastes of the different societies.

Food packaging design has been one of the disciplines that has been more related to the
graphic industry in the last decades. We intend to investigate this issue and show some
incompatibilities that certain design decisions have, regarding the colours used to represent
the natural shapes and the resulting colours of the production of the printing standards. We
will also offer some possible solutions to these conflicts which occur between one system and
the other in the colour treatment. It is also the objective of this work to offer some ideas to the
designers providing some conceptual and visual tools, establishing a series of compatible
chromatic palettes between the suggested colour and the depicted colour.

In this opportunity, we do not intend to deal with the packaging colour as an industrialized
product material, but we want to deal with some particular colour features in the graphic
messages and its relations with the possibilities of reproduction, taking into account general
types of materials for packaging or, even more important, the covering materials which are
the visual media for the messages.

It is in this particular issue this paper deals with, where product identity, laws of marketing,
technology constrains, rhetoric, persuasion among others, coexist —or not.
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1. ESTHETICS OF PACKAGING

Certain categories of intervention are established, matching the types of packaging materials
in products of daily, periodical and occasional use. This classification corresponds with the
variables of cesias, since they determine sensory differences in the perception of colour in
accordance with the concerning topic. In this opportunity, the following classification is used:

1. Transparent: We can observe that in transparent packaging for fruits, vegetables or
pasta, the representation of colour comes from a natural fact, since the same product is
the one being exhibited in its most pure expression; consequently, the perceived
colours will be a combination of the colours of the product interacting with the
proposed colours for the visual message of the container. The harmony or
incompatibility should be seen in the combination of these two semantic fields.

2. Translucent: In this case, its own composition produces a combination of overlapping
colours due to the semitransparent veil covering the product.

3. Opaque: This kind of packaging requires a colour treatment to access the identity of
the content, in addition to photos or 2D or 3D illustrations to exhibit it. In this case,
the participation of the designer and the areas of knowledge presented in this work are
of essential importance.

4. Reflective: Similar to the previous material as regards the treatment of colour, but it
has interesting possibilities in its colour display due to the reflexion of light over the
covering material.

5. Blended: Combinations in pairs of the materials mentioned above. The characteristics
aforesaid for each type also apply here.

2. FOOD COLOUR AND IDENTITY

One of the basics conditions of colour in packaging is that is has to be useful and support its
shape in the identification of the product. In now a days society the visual identity already
established its value as a basic need of every entity or item. There are some categories that
have a direct influence in the colour choice of the graphic proposals for packaging, where
there has to have:
e The brand’s identity: the shapes that represent the production company and/or the
logo of the product.
e The product image: the leading companies establish a colour associated to its identity
assigning to it meanings that may refer or not to the food they represent.
e Selling requirements: Visibility, readability and unity in its writing, with the
objective of facilitating its localization and recognition.
e Semantic association: Basic relation between the content and what it is displayed.
Colours help attract the buyer’s attention and provide information related to its
content.

3. FOOD AND NATURAL COLOURS

When we talk about the natural characteristic of colour, we make reference to a semantic
distinction in the faithfulness of the colours of the product, which can be verified mainly in
photographs, where it is presumed that colours do not suffer alterations. We can also include
any type of image manipulation that does not modify the original colours. Consequently, it is
necessary to talk about colour “naturalness” in the packaging graphics, since it is in this
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instance —the design— where decisions which are usually contradictory are taken. This is why
we start with a classification of the degrees of naturalness:

e Natural (unprocessed)

e Processed (manufactured)

If we accompany this classification with a palette of colours, we can establish a range of
natural colours, that is, those which are from the same nature of the product and processed
colours or artificial, since it would fit a sort of logical and semantic response.

This classification is essential to determine the colour fidelity as regards its naturalness,
because it is a highly positive attribute in advertising content, since it is related to freshness,
healthy, etc.

We will now try to establish which are the natural colours for natural food, within a
general category, according to its origin:

e Mineral (whites, browns, sepia, yellows)
e Vegetable (greens, reds, violets, blues, oranges, yellows)
e Animal (reds, whites, pinks)
We would like to focus on the ones classified according its dominant colours, since they
present substantial differences even if they look similar, such as:
e Fruits (reds, yellows, oranges, greens, blues, violets)
e Vegetables (greens, yellows, oranges, red beet, cabbage, eggplant)
e Meat (beef, pork, poultry, fish)
e Dairy products (milk, cheese, creams, by-products)

With this classification we tried to list what we are interested in highlighting about the
colours’ semantic attributes regarding naturalness and the different packaging graphics that
sometimes are not in harmony with the election and treatment of colour. We are including
some examples considered incompatibles (or at least inharmonious) from different semantic
fields. For these considerations, we find that certain packages contain colours according to the
sensations they produce, and this generates contradictions and opposing or wrong
interpretations in the identification of the content.

4. NATURE VS. COLOUR PSYCHOLOGY

Having in mind the product’ general categories mentioned before, we think that packaging
must contain colours that represent the semantic attributes of its content, therefore, the colour
palette of its design should match them. Some incompatibilities can be found. For example,
earthy colours are a good match for items of mineral origin, but for fruits, vegetables and
dairy unprocessed products this colour can be associated with “oxidation”. Therefore, it can
be said that not all the assessments made about colour psychology are effective, since for
some food items the colour white can indicate purity but for others it is linked to its
fermentation. Black is a sign of excellence for wines but it is hard to attribute this meaning to
other food items.

Packaging serves as a container, but it is also a product identifier. This last function cannot
be achieved by what it is called the colour personality if it is not directly related with the
product attributes it identifies. We would like to make it clear that this particular approach is
directed towards graphic productions of illustrations or backgrounds and not towards
photographic images (or transparent packaging), since in those cases, the photography
captures and reproduces the colour that the product reflects, which —except in the treatment of
some relative variable— are not the result of the designer’s “colour decision-making”. It is also
important to mention that the colours of the graphics depend in great extent to the percentage
of the area that takes up in the packaging as a whole.
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5. CONCLUSIONS

“Colours have a meaning that makes the objects’ attributes stand out. They can be general
attributes, when colours mean the same for every individual (the sky, the trees, the earth, the
sun, blood), since colour categories are socially constructed” (Goodwin 2000). It can be
inferred that colour associations are the result of some type of experience with the product,
and thanks to the contact with it, the person acquire the capacity to relate colour, form and
function.

It is very interesting the idea that, ““...when the consumer observes similar products, he
generalizes this learning and gives similar attributes to products looking alike in its
appearance even if he recognizes them as being from different brands” (Warlop and Alba
2004, Miaoulis and D’ Amato 1978). There are many cases in which the image and colour of
the leading brand are used as a generic identifier of the product.

It is very common to confuse packaging of different categories because of the similarity of
the codes, and this strengthened the need to use standard codes for the category. Assertive
reading is given not only by the packaging’s shape and material but also the image and colour
consistency.

To conclude, we would like to say that the goals of our work —because of the extent and
diversity of the topic—, cannot be completed in this speech, but some solutions are given and it
is complemented with another work displayed in poster format, named “Natural Colours for
Natural Food”, where we depict a series of compatible colour palettes for natural food
packaging.

REFERENCES

Goodwin, Ch. 2000. Practices of color classification. Mind, Culture, and Activity 19-36.

Miaoulis, G., and N. D’Amato. 1978. Consumer, confusion and trademark infringement. Journal of
Marketing 48-55.

Warlop, L., and J. W. Alba. 2004. Sincere flattery: Trade-dress imitation and consumer choice.
Journal of Consumer Psychology 14 (1/2): 21-27.

Address: Carlos Esteban Prause, Centro de Estudios Morfologicos,

Facultad de Arquitectura, Diserio y Urbanismo, Universidad Nacional del Litoral,
Paraje El Pozo, Santa Fe, Argentina

E-mails: cprause@fadu.unl.edu.ar, scariola@fadu.unl.edu.ar

68



AIC 2010 Color and Food, Interim Meeting of the International Color Association — Proceedings

Study and analysis of the consistency of the color from the
piece of food to the virtual representation
in the screen and in the packaging
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ABSTRACT

The objective of this job is to show the main results of the applied research project performed
by Gutenberg in association with the Federacion Gréfica Argentina (FAIGA), and the Union
Industrial Argentina (UIA), with the support of the Consejo Federal de Ciencia y Tecnologia
(COFECYT).

This work focuses on the technical and non technical variables that interactively impact in the
consistency of color during the analysis of a graphic workflow for packaging.

Herewith appear the main steps of the graphic workflow, which appear to be critical when
it comes to obtaining color consistency:

The selection of the printing support is the first step that initiates the technical printing
process of the packaging of food, from the printing point of view. This support is selected
together with the total production required and it will determined which is the best printing
system for its production.

Once the printing system has been selected, it should be established what kind of standards
will take place during the technical evaluation of the printing production. Therefore, there
could be American, European or Japanese regulations or even the standards defined by the
company, for instance. This work deals with the ISO European regulations, which printing
standard is ISO 12647. Considering the choice of the printing standard, the designer should
base all of his/her decisions to create the digital file accordingly with the selected standard.
As in every other phase of the graphic workflow, the design phase has critical points directly
affecting the consistency of color from the conception of the file like the formats and modes
of color when the designer receives the images that were obtained through scanners or
professional photographers; the monitor visualization of the work files; the parameterization
of the design programs, in accordance with the printing system; the color conversion from
RGB to CMYK and the type of format of the final file; among other things. All of the above
are critical points. However, the critical points depending from the selected printing system
should be distinguished from the critical points not depending from the selected printing
system. There are many depending critical points in the graphic design phase, but we can
mention the parameterization of the design programs and the color conversion from RGB to
CMYK, which has to be performed through ICC profiles. We can also mention
[Damiédn R.1]the transformation of the RGB and CMYK images through the Fogra 39 profile
to convert images from RGB to CMYK when an Offset [Damidn R.2]printing process using
coated support is selected. By doing this, the ISO 12647 Offset printing standard is being
followed.
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Moreover, we can mention critical points which are independent of the design printing
system: the technical conditions that should be followed by the monitors to offer a good
visualization of the images in accordance with ISO 12646 regulations, and the visualization
conditions established by the ISO 3664 regulations. The visualization of images in monitor
and in the comparison between the monitor and the test, or the comparison of the color test
with the printed material, is perfectly established by these regulations. This means that there
are some conditions clearly specified of how the processes of visualization of files in
monitors or comparisons are performed. In this manner, the fact that a designer should correct
images in an inappropriate monitor or under poor lighting conditions is excluded. It is also
excluded the fact that a graphic salesman would show the color test to the client in his office
without considering these conditions in cases where the color test is technically correct.

The designer could create the final file in PDF format, which is also accepted by the
regulations. Through preflight programs, this format allows the detection of other variables
which impact on the color consistency like resolution and bits quantity of the images.

In the prepress area, after the file goes to prepress, the ripping of the file is one the key
points when it comes to maintaining the color consistency. In this process, the required
technical data to color separation is specified for the selected printing system. The ISO
printing regulations suggest parameters for line, angle, point gaining, etc., which are defined
during the ripping phase. The obtaining of the CTP plates, the digital multimeters or the
rotogravure cylinders, which are obtained after this process, is controlled through color strips
that determine if they have been obtained in accordance with the quality standards required to
achieve consistency.

The color tests by contract which are also performed during this workflow phase should
agree with ISO 12647-7 standard. The test by contract that does not agree with this condition
should be considered as a reference test. This regulation establishes requirements such as the
obligation of the test to have an ID tag that records the printing system simulated by the test,
the printing system for tests that was used, the date of the test printing, the line registries of
the digital printer that was used, the name of the support and of the inks that were used, the
color rendering used to obtain the test and if it complies with the colorimetric tolerances
which link it with the printing conditions that were selected through the demand of the color
test with a control stripe.

In this phase, the independent critical points are the monitors, the imagesetter of the CTP
or polymers plates, and the digital tests printer. All of these points, as well as other
equipments, should be calibrated, profiled and in line. In order to carry out these processes,
densitometers and spectrophotometers are used, and their parameterizations, although they are
independent of the printing system used for the production of the packaging, should also
comply with the graphic standards of the ISO 12647-1 regulations which are based on the ISO
5-3, ISO 5-4, and ISO 13665 regulations. Consequently, before going to the printing phase,
there are many critical points that should be checked to obtain consistency. When the
previous points are not considered, the work performed no longer falls under the
standardization concept of the color consistency. In the everyday use, the test printing is used
as an approximation leaving the color definition in the hands of the printer during the printing
process. In order to exclude this situation, that is the printing color test not being adequate,
the regulations establish that if the workflow is standardized by the regulations, the printing
material should comply with the colorimetric and densitometric technical specifications
established by the regulations.

In this phase of the printing process, the critical points depending of the printing system
are the choice of the ink, specified by the ISO 2648 regulations and the selection of the
substrate which technical specifications are described in the ISO 12647 printing regulations.
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Up to this point, we have mentioned the most important points affecting the color
consistency in a selected printing system and, as we have established already, all of the
phases of the graphic workflow have critical elements that should be controlled for the color
consistency to be successful. In the packaging of food, the color consistency is required in
more than one printing system. The packaging of the same food could require an Offset
printing and flexography. Working in a standardized manner is the only possible methodology
that could be applied to achieve color consistency between printing systems in the packaging
of food. By doing this, the color of the brand of the food is preserved, which facilitates its
unique identification.

This research project emphasizes the study of these critical points because, in accordance
with what we have already showed, not every professional that participates in this process
have the same level of interest in the color consistency. The following comparative table
summarizes the state of the art at the beginning of the project. Table 1 relates all of the
players of the graphic workflow chain for the packaging of food with their respective
production tools, environments, evaluation tools, color measurement and color consistency
relevance granted in their job. For instance, a publicist cares about the color of brand. The
color consistency could be granted with great importance, but when it comes to advertising,
the requirements of the monitor or of the visualization conditions are not considered, at least,
most of the times.

Table 1. Relationship between the actor, the tool of reproduction, the color mode, the tools
used for measurement and the importance attributed to the color consistency.

Color object Medium: Tools most commonly Il.nportance
observed- . attributed to the
Actor . Physical-Real used for color .
Reproduction consistency of color
Color mode measurement .
tool in all the workflow
Producer Food Physical sample Visual observation Low
. Visual comparison with
.. Digital . .
Publicist Screen RGB pantone or with a real High
piece
Image in digital Digital Color chart, .
Photographer camera or screen RGB spectrophotometer Medium
. RGB screen RGB digital Photoshop information .
Designer Contract Digital - tool (info), pantone, Very high
CMYK digital
Proof spectrophotometer
+rip+i
Operator de Screentriptimage Digital: RGB .
. . setter 2. Spectrodensitometer .
preimpresion . Digital: RGB Medium
Proof printer
. Box - Production Physical . .
Printer printing machine CMYK-Pantone Spectrodensitometer Medium
c . Physical
Distribution Packaging CMYK-Pantone None Low
Box - Box - — . . High
Buyer Box - Food Physical: CMYK Visual comparison Low

In the study, it was also determined that the loss of interest in the color consistency is
originated in the associated costs, which implies color measurements in the corresponding
actions that have to be performed in the diversion correction.

Performing color management implies that the company has pay costs such as the ones
detailed in Table 2.
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Table 2. Percentage distribution of the additional costs in order to achieve color consistency.

Necessary item Annual % incidence
Color specialist 23%
Spectrodensitometer w/ soft 10%
Normalized light camera 1%
Test paper 6%
Adequate screen 16%
Bright D50 installation 1%
Maintenance of building conditions 1%
PC or Mac and printing server 5%
Test printer 5%
Original inks 21%
Calibration 2%
Rip for the creation of weave and linearization 99

Printer with control strip

Tests in production printers 19%

Even though the cost of the test printer ink, the color specialist and the production test
costs can be considered to be the most typical ones, other unexpected cost appeared. The
higher costs come from: 1) Difficulties for the provision of normalized consumables, 2)
equipment and software highly sensitive to problems in the electric network, 3) the need of
building adequacy incompatible with the comfort of workers (light conditions, neutral gray
color in walls and clothes), 4) impossibility to achieve certification and calibration of foreign
equipments, 5) repetition of plates and tests for the different behavior in the RIPs
(compensations occurred in the control strips when it was not expected), 6) fluctuations in the
material specifications: inks, plates, cards and papers, 7) the need of the external supplier to
determine the properties, such as brightness and endurance to the rubbing of stands, 8) the
need of adequacy of the printing machines, 9) reproducibility of different
spectrodensitometers, 10) resistance to change in the work modality.

CONCLUSION

There are several factors on each stage of the graphic workflow that may affect negatively the
color consistency. In order to achieve the color consistency in the packaging of food, it is
necessary that all the work chain operates in line with the working directives and objectives
determined beforehand.
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INTRODUCTION

The final launch of the ceramic industry in Spain starts in the last quarter of the 19™ century,
this stage is linked to the renewal and growth of the main cities, being the ceramic coating one
of the materials linked to the architectural building that registered the highest growth.
Valencian manufacturers will become, in the first third of the 200 century, the main national
market suppliers, only some industries close to prominent cities such as Seville and Barcelona
produced tiles that competed with Valencian ones.

Population growth and its urban concentration was, therefore, an essential factor that
fueled architectural development, together with other factors such as the Hygienic Movement
and the decorative fashion expressed both inside and outside the buildings. The hygienism
was considered a sign of the improving in living standards that the middle class experienced
in this early period of the 20" century.

The wall surfaces of the flats, especially in “wet rooms” (bathrooms and kitchens), were
covered with such a material, that commercial catalogues described as hard, durable and
washable. In this context it highlights its use on the markets, big civil buildings for a new
flourishing urban society. Valencia’s Central Market, beyond its hygienist aspect, is a
magnificent representative of the use of architectural ceramics in its public space, both inside
and outside.

TECHNIQUE AND SHAPES

During the second quarter of the 19" century, for economic reasons and to ensure the
accuracy of the motifs they represent, it starts in Valencia the use of frepa tiles, as it happens
in the case we study. In 1836, in a list of materials used during the building of the market,
architect Franco Calatayud noted: tiles with flower released, of trepa.

In this time, coloring methods are improved and hue finds the following shades: basic
colors, oxides, are few and constant; yellow of lead or antimoniate; brown ferruginous; cobalt
blue, manganese purple and copper green.

The shape of tiles is square, a handspan long (about 22.5 cm, 1/4 rod) or the result of the
partition of the square into two equal rectangles for the friezes.

THE GLAZED CERAMICS OF VALENCIA’S CENTRAL MARKET
All Central Market glazed ceramics are made with this technique. The historical

manufacturing process has remained pre-industrial up to the present in a number of
workshops with a semi-artisanal production, only changing the cooking system by the
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replacement of wood kilns for electric ones. A manufacturing process to replace some broken
tiles has been done during the restoration works, with the following steps:

Preparation of the bisque: Brought the bisque from the ceramic manufacturing plants in
Castellon, a material that passes the tests of bending strength, breaking load and linear
thermal expansion. Executed in a workshop, it will work as a basis for the glazes.

Preparation for the glaze: White opaque applied in a bath on the bisque, dried for 4
minutes, after 24 h. of outdoor drying it is ready to start the glaze painting.

Figure 1. Preparation for the glaze. Figures 2 and 3. Application of glaze with trepa.

Application of glazes: Water based colors are used, adapting the RAL letter to the
references given in the color palette provided by the technical specifications, its
application is made by trepas. The trepa is made on waxed paper that matches with the
size of the piece, on which the picture to reproduce has been drawn and cut. The number
of trepas depends on the composition. The paint is brushed manually on the surface, broad
bristle brushes for wide spaces, or in a more intense way for small spaces.

Firing: At 985 °C for 8-10 h. The tilt detects the temperature and automatically keeps it,
for 30-45' cooling naturally, it is in this moment that the liquid glazes turn solid, acquiring
their final brightness and living colors.

Figure 4. Glazed with trepa, before and after the firing.
These ceramics are widely used in the market, either as a decorative or finish material. On

the facades it is used extensively as a finishing over the hidden surfaces of the market, on the
“fish vault” and as finishing on the upper parts of the arches in windows. We found
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them too in the spaces between the pairs of cast-iron columns that separate the different
windows of the market.

In the inner spaces, there are tiles in different positions. First, tiles cover inner surfaces of
the market walls. These are generally white, although there are decorative friezes on two
different heights. There are also tiles set on the friezes at the base of the skylight, inside the
vaults and on the sides of the low skylights.

The decorative motifs on tiles are, generally, floral, stylized leaves, usual fruits from
Valencian orchards and zoomorphic shapes.

The pathologies they suffered were: bleaching at the base of the tile walls due to the use of
inadequate cleaning products and loss of tiles in some places due to mechanic aggressions and
humidity.

Figure 5. Motifs.

All the motifs of the market have been analyzed and investigated; the result of this work is
set in the technical cards that follow with some representative examples of such an
investigation. The colors of tiles have been noted with the Pantone color system for a future
identification and an accurate color printing, and also translated to the CIELAB colour
notation which will make it possible a rigorous and complete study of color properties in
future restoration. Here we show one of the color cards of the project, settling the composition
and color mapping to identify tiles located in one of the rooms in Central Market.

Table 1. Color notation of tiles from the ‘fish room”.

CIELAB

Blue PANTONE 7455 L:40a: 11 b: -50
Light blue PANTONE 5425 L:61a:-6b:-15
Yellow PANTONE 7492 L:88 a:-9 b: 40
Light green PANTONE 5575 L:82a:-8b:2
Dark green PANTONE 556 L:63a:-19b:5
Red PANTONE 5195 L:27a:52b:8
Orange PANTONE 7517 L:42 a: 30 b: 58
Light orange PANTONE 7510 L:75a:15b:57
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ESTUDIO TIPOLOGICO DE PIEZAS CERAMICAS EN EL MERCADO CENTRAL DE VALENCIA |
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Figure 6. Typological study of tiles. Fish room, inside the market. Data gathering.
Photogrammetric correction and graphic analysis of the pieces. Composition and

polychromy.
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ABSTRACT

On behalf of the researches on the subject of color within the framework of the Institute of
Color, Faculty of Architecture, Town Planning and Design, National University of Cordoba,
Argentina, in this presentation we focus on the color of commercial architecture related to
food, that is gastronomic architecture, in two traditional neighborhoods of the city of
Cordoba, Argentina. The emerging commercial architecture in General Paz and Nueva
Cordoba neighborhoods deserves a particular study from the sociological approach. It has
created paradigmatic situations in the city within a few years due to the substantial increase of
places for gastronomy. They are situated very near from the city center and are mainly
residential; trade in supplies and services activities work during the day; at night the
movement gives way to restaurants, bars, pubs, and the whole gastronomic trade situation.
This development is generating a very particular and highlighted renovation in the image of
these two areas of the city townscape.

1. INTRODUCTION

Over recent years eating has turned from usual routine into art and social custom. Due to this
new concept of eating and drinking around the world, the food service sector has become one
of the most dynamic areas. Another factor that accounts for this growth is the boom of
tourism, which has produced deep cultural changes and increased significantly the number of
clients who are accustomed to high-class cuisine and demand international standards from
Argentinean restaurants.

Globalization and access to the diversity of media contents have encouraged new patterns
of gourmet food consumption. These consumers are more demanding and eager to have new
gastronomic experiences, as is evidenced by the media, books and streets, which show the
public that food consumption is the source of energy for human beings and that taste is central
but not the only sense implied in this experience. The booming of Argentinean food services
occurred in Buenos Aires and it later spread to the rest of the country. Within this context,
there have been a number of innovative undertakings in the city of Cordoba, emphasizing a
new specialty in commercial architecture: gastronomy architecture.

1.1 Character-defining features
In order to design a gastronomic place with distinctive architectural features, the spirit of the

enterprise must be interpreted in a creative way. Among the principles on which this type of
project is based, the interaction of colors, forms, textures, shine, lattices and lighting design
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are basic elements to develop such character-defining features and to create the atmosphere
for the desired image. Besides, other components of the language of design and decoration,
which comprise advertising, canopies, sunshades, entrance design and materials, are also
essential in order that the outdoor image of the place can be understood and would remain on
people’s memory. As regards interior design, furniture, the employees’ clothing, table linen,
the menus, glassware and dishes should also be considered as meaningful visual elements
aimed at projecting an image of the place.

This project seeks to prove that the use of certain components that help to develop
distinctive architectural features in commercial architecture, such as color, enables work to be
done on the interaction of symbols and functions, conveys a distinct meaning to new uses of
architecture, gives new value to cultural heritage, and enhances the quality of urban spaces
and therefore, the quality of life.

2. IMAGE OF GASTRONOMY ARCHITECTURE IN CORDOBA

Throughout history, traditional architecture in Cordoba has undergone a transformation in the
conception of bars and restaurants design. In times of economic prosperity, in the 50s and
later in the 70s and 80s, these enterprises design was based on practical and luxurious
premises, and large rooms were designed in order to see and be seen. At present both the
technological and the formal design have changed, and new concepts have emerged regarding
the use of these spaces, in which the lighting and color design play a central role, interacting
constantly with people and influencing strongly their attitude and permanence in such places.

In gastronomy architecture design, the concept of space, the expression of its
figurativeness and the design of an atmosphere or the creation of an image are essential
aspects, as well as thorough planning of service areas, on which the quality of the service is
founded. The characteristic that these spaces have in common is the need to differentiate from
competitors, through development of their own distinctive features. Beyond appearance and
the style of decoration, the purpose of these spaces is to communicate and to create a sensory
experience, which fosters in clients a sense of emotional bonding with the place. Within this
frame, different tendencies arise from the type of food offered, the target clients, the premises
location, and the resources available there, among others. However, the most important aspect
is creating a design that meets the operative, service and marketing needs of the unit.

There is a trend in contemporary society towards including eating out in the cultural
agenda. Indeed, the confluence of food and culture has proved to be successful and there have
been a number of enterprises which merge gastronomic services with art exhibitions, concerts
and live drama presentations.

2.1 Study of paradigmatic examples

The emerging character of commercial gastronomy architecture in the neighborhoods studied
needs to be analyzed in particular from the sociological point of view, since in a few years
paradigmatic situations have risen in the city as a consequence of the growing number of
gastronomic places. It is worth mentioning that this growth has also taken place in similar
areas of the city; however, we will only analyze thoroughly “General Paz” neighborhood and
“Nueva Cordoba” neighborhood.

The neighborhoods mentioned are situated near the city center and are characterized by
residential use; goods supply and services business premises are open during the day while
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pubs, bars, restaurants and all kinds of gastronomic places open at night. This situation
generates a peculiar physiognomy in both sectors of the city.

These gastronomic enterprises have characteristics of the Mediterranean, Mexican and
gourmet cuisine profiles, among others. Nevertheless, situations are different in each
neighborhood; facades differ in both areas from the perspective of expression, which confer
distinctive features, providing partial syntaxes present in both sectors.

2.2 “General Paz” neighborhood

This neighborhood has the characteristics of an urban space, rooted in a specific time and
architectural form of the city. Its morphological features show thought-provoking expressions,
holding significant symbolic value and syntactic and semantic codes that contribute to its
character-defining features and interpretation.

Nowadays, its urban landscape is being altered due to outstanding chromatic interventions
on existing buildings that denote in the urban space a change in function, though there are
fortunately some aesthetic exceptions. This situation is characterized mainly by the
installation of gastronomic places in mansions of the early 19" century, with an Italian style,
some of which were rationalist. Most of these houses are situated on corners. According to the
different commercial concepts of their cuisine style, these mansions present a renewed
external image and improved interiors, through the restoration of texture and primitive
materials colors.

There are different strategies to highlight commercial architecture, in some of these
buildings the color scheme harmonizes, while in other cases it is disharmonious. For instance,
highlighting the construction with a saturated primary color that clashes with the environment
produces a rupture in it. A further example is the use of dark colors to enhance moldings,
cornices and columns, over a facade painted in a pale primary color.

Other treatments denote changes in the function of buildings through the use of elements
that produce a rupture of the former order patterns, essential for support and defining-
characteristics of the building; such as making use of vertical bands in contrasting colors that
break the meaningful unity of the building, which aim at conveying to the public the diversity
of functions that said building has at present. Such treatments are detrimental to the urban
space since they destroy the possibility to understand the building typology, causing the
image of the place to become fragmented. Coordination between symbol and function can be
possible through appraisal of the value of the permanence of the existing architectural
typology, but at the same time indicating the functional changes.

2.3 “Nueva Cordoba” neighborhood

In this case, the transformation of the landscape results from the substitution of the typology
of 19" century constructions for a denser, residential area, characterized by its reddish brick
buildings, with confer unity on the area. This change allows the detection of periods in the
history of architecture. Firstly, the influence of architect José Ignacio Diaz can be appreciated
in the extensive use of volume and bricks. Secondly, elements of postmodern architecture
were incorporated, such as brick in the background, and glass and other finish details in the
foreground, to obtain dynamic chromatic compositions. In recent years, architects have made
use of colored plastering, colored glass and concrete walls in this neighborhood that
concentrates the greater number of construction sites of the city.

79



AIC 2010 Color and Food, Interim Meeting of the International Color Association — Proceedings

A further transformation the landscape of “Nueva Cordoba” has undergone derives from
reconversion of the 19" century urban design, which included one-family residences, into an
architecture characterized by tall buildings in which the ground floor is used for business
premises, with use of bright colors, large advertising banners and a variety of textures, shines
and lattices that have had an impact on the physiognomy of this neighborhood.

The existing architectural typology has become a part of the construction of a new urban
image, meeting the requirements of the global culture. In this way a new language is
generated, based on the requirements of new functions, becoming the support of corporate
images rather than socio-cultural constructions, altering living experiences and the
construction of meaning in the sector (Avila et al. 2002: 89).

The resulting architecture clashes with its environment. The new expression can be
depicted as superficial, neutral and innovative in terms of technology because it presents itself
as a large advertising support. The central issue is the expression of these business premises,
the brand image, which proposes colors, typographies and the presence of global icons in the
traditional landscape of the city. Color is the protagonist as it is associated with new meanings
that arise from the appearance of global images that characterize this revamped expression of
public spaces in the neighborhood.

3. DRAWING CONCLUSIONS

The city should be considered as a historical, evolving and dynamic organism where past and
present coexist, and continuity and change occur. Its deterioration through the use of images
that are totally unrelated to it cannot be accepted, since such images destroy the community
characteristic features and collective memory, which are essential to the projection of the
future. The challenge is to find what is the most appropriate for each circumstance.

Color, when coherent criteria are applied to its use, gives expressive value to different
areas of culture and contributes with its presence to understanding and character building in
Urbanism, defining with its presence new central ambits in traditional neighborhoods of Latin
American cities.
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ABSTRACT

In the last decades, cities have experienced changes in their urban image due to local and
global events. In this context, the city of Cordoba shows changes in its appearance and urban
culture. The contemporary urban life proposes new meanings, behaviors and new uses of
spaces. However, the urban experience still keeps its essence since it is basically a
combination of physical and mental events, of material and imaginary ones. The components
of the urban language cause different answers in the users as regards how they use the urban
environments since they significantly qualify the expression and communication of facades in
commercial architecture and especially in the food industry architecture. In many cases, the
strength of this message is based on the optical contrasts, the chromatic synesthesias, the
cesias and other signs of chromatic language which stimulate the sensorial experience of the
city conditioned by new demands and meanings.

1. THE URBAN IMAGE

The faster and faster technological innovations in the age of information bring about
transformations in the urban fabric. At a smaller or larger scale, the urban fabric presents
features in urban spaces which respond to a new logic of producing the city: the logic of the
global that interacts with the local. Homogenous images configure the new spaces of the city
regardless of their location. In this context, the image of the city of Cordoba reflects changes
in its spaces in different sectors which show alterations in the urban fabric and in the way to
live and experience the city.

The present urban transformations represent new conditions, both material and contextual
ones. The urban culture is characterized by new ways of communication and consumption. In
the exchange between man with his environment, perceptions and sensations are generated,
enjoyment and meanings come up as well as answers provoked by associations, analogies and
values. In this experienced and interpreted environment, man builds a new reality, an
existential image, an image-landscape considering his knowledge of the environment related
to the color of the components of the city language. It is important to notice the significance
of the direct experience of man with his environment in the process of building an image.
Thus, the urban experience becomes essential since it is basically the combination of physical
and mental events, of material and imaginary ones.

2. THE IMAGE OF THE FOOD INDUSTRY ARCHITECTURE

The urban public space is a living and meaningful environment where the inhabitant has a
dialectic exchange with the surroundings. In this multi-dimensional experience, the
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appearance of urban facades or building enclosures, which work as elements of
communication and developers of representations, become a special non-verbal language of
the city.

Commercial architecture at various levels and specially the food industry architecture
propose messages that allow various uses and behaviors according to present needs.

It is recognized that the commercial activity is no longer isolated but mixed or associated
to activities that involve different fields such as culture, art, leisure and free time among
others. This diversity refers to meanings that go beyond the strictly related to the food
industry. In many cases they become real consumption facts in response to a constant search
for novelty, an eagerness for food culture and a public that covers every taste and multiple
ages. Therefore we could speak of a new culture accessible by means of a varied offer.

;;ﬁi “.‘ n il .‘_ F‘ T
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o

Figure 1. The image of the food industry architecture in Cordoba, Argentina.

As an answer to these social, economic and cultural demands, the urban architectural
language includes new materials, unique shapes and different environments which offer more
freedom of choice to the users. The different proposals act as a catalyst for the greater and
greater expectations of users, making use in many cases of resources that temporally modify
the image where color and light are the protagonists of true urban sceneries.

3. THE LANGUAGE OF COLOR OF THE FOOD INDUSTRY ARCHITECTURE

If we consider that every architectural phenomenon leaves an imprint as a witness and
reflection of certain time, place and society, the role of color can be researched in this kind of
architecture that at present struggles between local identity and the typical innovation of new
determining factors. The approach to study this phenomenon is a complex task; however, it is
possible to research the contact points derived from the global as well as the special features
that come from local or regional contexts.
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The social importance that food industry has gained can be seen in the different
architectural proposals. The urban environments include expressions that respond to the
standards of an offer of new and varied services. Among the most significant characteristics
we find:

- The mixture in the offer, food associated to the cultural, leisure, free time, tradition
and tourism among others.

- The associated image linked to a specific behavior, thematic spaces, multi-media
spaces, fast foods, deliveries, the international, the traditional or the ethnic.

- The scenery as an aesthetic resource in response to the cultural imaginary of users.

- The use of color and lighting as a valuable resource to create a clear identity.

Figure 2. The language of color of the food industry architecture
in New Cordoba neighborhood.

Figure 3. The language of color of the food industry architecture in Giiemes neighborhood.

In this context, the components of the urban architectural language cause different answers
in the urban environments since they significantly qualify the expression and communication
of commercial facades in the food industry architecture. This iconic image which is
expressed by means of colors, lights, textures, materials and shapes increases the sense of an
active presence in front of the spectator.

In many cases, the strength of these messages is based on the optical contrasts, the
chromatic synesthesias, the cesias and other signs of chromatic language which stimulate the
sensorial experience of the city conditioned by new demands and meanings which transform
the urban image in a global and local way as well.
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ABSTRACT

The aim of this research, which is ongoing, is to investigate the interaction of light and colour
with colours of food in restaurant or similar locations devoted to food consumption
environment and eventual fallouts.

1. INTRODUCTION

The research focuses on providing the design information needed to make possible perceptual
situations that can better interact with both the physiologic and psychological balance of
human beings, through the identification of colour ranges appropriate to the exigencies of
users and operators in food consumption environments. Additionally it aims to respond and
give consistency to a colour planning extended to the problems that characterize this kind of
surrounding.

The general scientific methodology, which is applied for this design research, is the one of
a phenomenological and holistic approach.

The research is carried out through case analysis and workshops and is in progress within
the broader frame of the international research named LCS-Light, Space and Colour, which is
carried out by a number of universities in different countries.

There is a general understanding of the connection existing between light and colour, from
a physical, visual and emotional point of view. Light and colour interact with each other and
create visually one unit, a three-dimensional picture, which is experienced as a space. The
space performance is the basis for our understanding of the physical environment.

The colour and visual impact of design products and services are the fundaments on which
we are building our personal and individual world. The spatial appearance effect on humans
happens both bodily and visually, and create feelings of wellbeing or, on the contrary, the
Very reverse.

Besides the codified use of colours in food consumption environments since a long time in
use, lets think for instance at the well-known colours of the fast-food chain McDonald’s, a
number of studies on food and colour have been conducted, the same may be noted in the
domain as regards coloured light interaction with prolonged sojourn, and further we have the
testimonials of emotional usage of colour in this kind of contexts made by artists such as, for
example, Vincent Van Gogh’s descriptive letters and artwork known as s.
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2. CASE STUDIES AND APPLICATIONS

The first workshop in program has been performed in the Design Campus of Pukeberg, of the
University of Kalmar now Linnaeus University, in Sweden, during the autumn of the
academic year 2009-2010.

It consisted in a full-scale experimental laboratory testing the connections between light,
colour and space. The work was to be made in six different teams, five of which composed by
students of the University of Kalmar and one by the students of the guest University
Polytechnic of Milan, Italy.

A box made of plywood panels and measuring 2.5 x 2.5 x 2.5 m, provided with one
entrance door of standard dimensions, was assigned to each team. The six boxes were set up
inside a big space located on the first floor of an old disused glass factory.

Each team of students, directed by teachers belonging to both the universities, designed its
own box, thus being free to experiment both with colour and light. Also, available on place,
there were a number of lighting experts with a range of miscellaneous light equipment. The
only compulsory limit was the one that it was not consented to cut the walls of the box.

The final resulting designs were very differentiated in both use of material, colour and
light.

The five Swedish teams realized colour and light themes taking inspiration that ranged
from the representation of good and evil, seen as warmth or love and coldness or hatred or
even more indifference, through interior designs thought as natural or artificial enclosures, to
interesting three-dimensional illusory spaces created with the interactions between mirrors,
geometries, colours and light. In particular, the Italian team took inspiration from the British
artist Jim Lambie, whose art works are referring to the Optical Art and who uses vibrant vinyl
tape to cover entire environments, as a consequence totally changing the perceptual essence
of the original location and producing a dematerialization of the contours delimiting the
spaces wherein he intervenes. He participated in the exhibition Color Chart: Reinventing
Color, 1950 to Today, at the MOMA of New York in 2008.

The Italian team, also employing the theoretical principles of Attilio Marcolli (1971) and
Bruno Munari, used coloured stripes of paper applied with glue on all the walls of the box in a
pervasive geometrical pattern (Figure 1), in order to create a negation of space. Further,
through the texture an ever-changing colour impression was given that was interacting with
each change of light. Actually they tested a play of coloured LED lights on this background.

Table 1. The box realized by the Italian team.

In fact the collaboration between artists, architects and designers is frequent. Recently a
new restaurant has been opened in the Guggenheim Museum of New York, which is called
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The Wright, which replaces the previous cafeteria and whose curved lines are derived from
Wright’s underlying geometries. The interior project is by the architect Andre Kikoski with
the collaboration of the British artist Liam Gillick. The project visually creates a relationship
with the museum where it is placed and features a wall of coloured bars that gives an Optical
Art impression that is near to the works of Jim Lambie.

Liam Gillick is a representative of the artistic movement Relational Art, a term introduced
by the critic Nicolas Bourriaud (2002), and in 2009, he represented Germany in the Giardini
Pavilions of the Venice Biennial.

3. DISCUSSION

The projects, realized during the workshop and shown to an European delegation, constitute a
hypothesis of perceptive elements usage that are consistent with the adequacy finalities of the
environment, towards the intrinsic needs of the individual’s prolonged sojourn in a specific
place. The approach was innovative, explorative, experimental and the empirical studies
carried out for the investigation and defining of essential factors as their features and
connections to the complex performance.

The strengths of this first step of a study to be conduct in the research, the first workshop,
are that, in this way, being in fact projects of abstract environments, thus bearing a variety of
colours, finishes, textures and lighting conditions, they represent an ideal start from fresh
grounds devoid of already existent premises.

The weaknesses may be that interviews on the spot were done only on oral basis this due
to external factors as the public was large and the time for the visit very short, the written
protocols of statistically collecting and verifying of the emotional states felt by the visitors,
were to be carried out in a second time not coincident with the visit.

While the material referring to the workshop is freely available, the material regarding the
conclusions of the preliminary phases of the general frame of the research LCS- Light, Colour
and Space, is, until now, in form of private communication.

4. CONCLUSION

As said previously, in the introduction, the general scientific methodology applied to this
research on progress, focused on supplying design information, for instance colour ranges and
colour planning, suitable to the requirements of users and operators in food consumption
environments, is of a phenomenological and holistic approach and the first step was
successfully brought about.
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Art and colour design
of commercial architecture devoted to food

Larissa NOURY
Colour-Space-Culture, Paris, France

ABSTRACT

Today, most architects work in commercial architecture and especially in restaurant design.
There are four stages to restaurant design projects: obtain client requirements, determine site
location, create design proposal and submit a project plan. The space requirements for
particular building types (color design in different food restaurants such as French, Chinese,
American, and Japanese foods) required different approaches of colour design. Colour study
of modern or historically precious buildings helps us to get a sense of local style, height,
physical presence and use of color. New materials and technologies demand new solutions of
colour design and its strategy. Thus colour design can no longer be understood as the design
of surfaces: his consecutive perception embraces the overall effect of light, space and time, of
movement and change, of fiction and reality. The harmony of colours in the art and design of
restaurant architecture is a true colour 3D conception, with its nuances and details, with
specific colour combinations, constantly changing in space and time. Architectural
polychromatic restaurant design has two main parameters: Activity or magnitude of contrast
between the elements of colour combinations (relationship between different colour
components); and degree of independence of spatial colour composition and structure in
relation to volume and space parameters of architectural form.

HISTORY AND PRACTICE OF ART AND COLOUR DESIGN OF COMMERCIAL
ARCHITECTURE DEVOTED TO FOOD

The colour design in the field of food commerce architecture has been in place since the very
beginning of architecture, and some of those structures are still available today.

The ancient Egyptians had developed a glassy material known as faience, which they
treated as a type of artificial semi-precious stone. Faience is a non-clay ceramic made of
silica, small amounts of lime and soda, and a colorant, typically copper. The material was
used to make beads, tiles, figurines, and small wares. By a related technique, the ancient
Egyptians produced a pigment known as Egyptian Blue, also called blue frit, which is
produced by fusing (or sintering) silica, copper, lime, and an alkali. The product can be
ground up and used as a pigment. The ancient Egyptians could fabricate a wide variety of
objects from glass with great skill. A range of colors could be produced, including yellow,
red, green, blue, purple, and white, and the glass could be made either transparent or opaque.

The ceremonial center of the Minoan culture in Crete, Palace of Knossos (19th century
before J.C.) has had the walls in stucco and columns were painted in red colour for the private
or royal residences. The decoration on the frescos of the Palace of Knossos was sophisticated
and colorful in comparison to the roughly contemporaneous art of Egypt. The walls were
covered by unusual stylistic frescos so cold “the impressionists of antiquity”, where the colors
were re selected without preoccupation with a reality, but according to their only decorative
value.
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Roman and Greek commercial architecture included the building of elaborate structures,
complete with specific colour design (painting, mosaics, etc.) for courtyards, market places
and meeting rooms. Natural colours of marble, ivory and wood were considered not to be
characteristic for architecture. Many buildings of Greek Forum according to research of G.
Semper and J. J. Hittorff have had bright colouring of surfaces by encaustic. Encaustic
painting, also known as hot wax painting, involved using heated beeswax to which colored
pigments were added. The paste was then applied to the surface and did cover up the
crystalline structure of marble, created the effect of deep luminescence. The main
architectural elements (walls, pillars, flights of steps) were painted in colour of natural
material; roofs, cornices, plastic of frieze and capitals of pillars and columns were stressed by
bright colours (red, blue, ochre).

Tabernae as a part of Market has probably first appeared in Greece at the end of the Sth-
4th centuries B. C. Upon the Roman Empire’s expansion into the Mediterranean, the numbers
of tabernae greatly increased, in addition to the centrality of the taberna to the urban economy
of Roman cities like Pompeii, Ostia, and Corinth. Colour contrasts and gloomy magnificence
creating the impression of grandeur were characteristic to Old Roma. Roman commercial
architecture had strong colour contrasts: for the tectonic elements light colours were used, for
the wall area — dark colours or vice versa. Multicolourness of decorative themes, imitation of
expensive materials, and optical illusion for architectural elements using a perspective way of
the presentation as well as special pigments (the Pompeian red, blue-green and black) were
often used to enrich a strong decorative effect of ornamentation of public terms and forums
used for food and pleasure.

The medieval buildings were built with stable and covered materials, persistent colours,
constituting dominant urban complex. Their interior space devoted to food was literally
enlightened and illuminated by the bright polychromy of the stained glasses. The rays of the
sun penetrating through the multicoloured stained glasses gave the entire construction a
fantastic image. The combination of dark gray and sharp green contrasted with the drawings
and achromatic graphics of the houses “with wood sides”.

Food catering establishments which may be described as restaurants were known since the
11th century in Kaifeng, China’s northern capital. Growing out of the tea houses and taverns
that catered to travelers, the restaurants blossomed into an industry catering to locals as well
as people from other regions of China, Korea and Japan.

The architecture of the time of the Renaissance reveals in 16th century the ornaments, the
decorations in molding, the “graffito” and the frescos by starting again the ornamentation in
relief. The relief and the low-relief are painted in sharp and bright colours at that time. The
colour in architecture space devoted to food appears powerful and spontaneous, giving a
theatrical presentation and gorgeous effectiveness to the environment.

The curved and oblique lines, spectacular torsions, the overloads of colours and chromatic
contrasts of the Baroque architecture are there to break with the preceding styles. Baroque
expressing on the outside had an important contrast between the polychrome frescos of the
walls and the rhythm of the arcades creates an urban environment where several thousands of
people could contemplate the spectacles and the food festivals which occurred there:
tournaments, bullfights, proclamations of kings, royal marriages, executions, etc.

At the end of 17th and 18th centuries the mode of decoration for architectonic elements
using “azulejos” (the term ‘“‘azulejo” derived from the word Spanish “azul” which means
“blue”), was spread in Europe and especially in the Spanish and Portuguese restaurant’s
decoration.

Than in reaction to the rationalism of the classicism with domination of the clear colors,
the whitish and grayish background, dominated and succeeding the Baroque style, a new
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decorative system was appearing. It was the Rococo style with the palette colours included
the soft and dull tone pastels, with dominant nuances of pink, grayish, olive, blue sky, beige.

The architectural principles of the Art nouveau combine the personal style of expression
where the sinuosity of the drawings harmonized well with the mosaic of the surfaces of
contrasted colors. This single synthesis of practical considerations and of an aesthetic nature
is characterized by colours from a great richness.

At the time of industrialization, the artists and the architects of the Dutch group “De Stijl”
proclaimed a new polychrome design “neo-plastician” who applies sharp and pure colors in
their achievements. They intend to propose a theory of the relationship between architecture
and painting, like “a place of modern painting in architecture”. Théo van Doesburg defined
the chromatic surfaces coloured as fundamental elements where the straight lines, the
rectangular forms, the principal colors (yellow, red, blue, black and the white) are used to
make a unified composition. Le Corbusier, one of the principal actors of the rationalist
modern movement, decided to “architecturate” the space devoted to food. His slogan is
“Order. Reason. Purity. Truth. Structure. Bleaching”, but he also organized and classified the
color in the scale of polychromy to create the architectural esthetics.

In Europe in the years 50s and 60s rationalism of the colour design of a restaurant was
adapted to its function and construction was based on a certain correlation of the nuances and
chromatic tonalities, where the achromatic colors however remained dominant. The “Op” and
“Pop” art produces on the spectator a physiological and psychological optical effect. These
“Op art” projects were conceived to be integrated into the architecture of the new public pace.
The “engineers of plasticity” and the “technicians of visual” as Victor Vasarely, Yvaral and
others considered the colour design of as an essential feature of the happiness in the modern
city life.

The architectural creativity of Hundertwasser remains before all that of a painter and a
graphic designer fighting against the austerity and the monotony of the industrial
contemporary architecture. He wants his buildings devoted to food to have “something small”
which gives them a structural and polychrome individuality: “ecological” approach, mixture
of the techniques, different shapes of the windows, etc.

The tendency in the choice of the colours of neo-rationalism and the neoclassicism in
architecture is related to the manner of working on the concrete to give it the effects of matter;
it is a tendency of the eighties. The architects have created their own chromatic image and a
strong architectural unit which they deployed in several great urban projects.

The changes in European architecture will come from the influence and the popularity
growing of the group of New York architects “White and Gray”, as well as others. The name
of this group will symbolize the abandon of the saturated colors and the use of a pallet with
white and grayish. In the architectural projects of this time, the expression of the forms
dominates the color composition. The use of a palette of grayed white and metallic and
“futuristic” grays dominates the eighties. This design which will be dominating during the
eighties will be dominating in the nineties too. The achievements and constructions of this
time have had the expressiveness and the dominated voluminous forms.

Today, at this beginning of 21st century, a style close to the minimalism and functionalism
as well as the polychromatic restaurant design of interior and outside architecture has a very
big importance and it is regarded as one of the centers of interest of the contemporary design.
Its elegance, its simplicity and its purity are often considered as references of dynamic in the
world of architecture and design.

The international polychrome design is animated by an idea force: “the beauty is also
functional and sustainable”. From the nineties, we can notice an interest for the environmental
quality which gives a particular value to the contributions of the professional designers
working on the products for human consumption and the objects daily. Green architecture,

90



AIC 2010 Color and Food, Interim Meeting of the International Color Association — Proceedings

organic forms and irregular surfaces are presented in the restaurant polychromatic design
using the landscape elements, the polychromy of furniture, and color of the artificial lights for
the night life. The aim of colour design of commercial architecture devoted to food is to
create a polychromatic environment which corresponds well to natural geographical
specificities, with the space characteristics, with the social aspects and cultural roots, but also
with the semantic significance of the color historical symbols.

The harmony of colours in the art and design of restaurant architecture is a true colour 3D
conception, with its nuances and details, with specific colour combinations, constantly
changing in space and time. Our system is built on the balancing of the rational harmony of
the real world and the emotional transcription of the “reflected” imaginative world. We can
distinguish 4 colour fundamental groups: “Colour”, “Value”, “Nuance”, “Mixed” and 24
complementary intermediate colour groups. They are the colour combinations inside which
the different components lose their own characteristics to the profit of a global perception.
The colour combinations can be completely transformed by their surroundings, but they can
transform as well the environmental design of commercial architecture devoted to food and
create psychologically favorable or not favorable atmosphere.

We study the colour harmonies of different food restaurants such as French, Chinese,
American, Indian and Japanese etc. foods and its classifications with the Natural Colour
System (NCS) through history of art and colour design in different epochs and geographical
spaces: brasseries, cafeterias, bars and restaurants, any kind of commercial architecture
devoted to consummation, gastronomy and commercializing food products. An environmental
approach of colour design in order to create a specific and comfortable background is
considered as indispensable for colour conception of exterior and interior design of food
commerce buildings.

Address: Larissa Noury, 14 rue de la Chapelle 75018 Paris, France
E-mails: larinoury@gmail.com, larinoury@neuf.fr
www.larinoury.fr, www.cec.larinoury.fr
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ABSTRACT

Edible films of hydroxypropyl methyl cellulose (HPMC) with different colors were tested for
their ability to filter light causing oxidation in salmon oil. Fat oxidation was monitored by gas
chromatography. The results showed that films with red color have good control of photo-
oxidation as compared to the films with blue color. In the second phase, the mechanical
(tensile strength, ultimate elongation, Young’s modulus) and barrier properties (oxygen and
water permeability) of the films with natural red color (NRC) (a blend of Beet Juice and
Purple Carrot Extract) were determined to understand the impact of the composition of the
film and the nature of the color molecules.

1. INTRODUCTION

Environmental pollution and foods safety have been at the forefront of research concerns in
recent years. Research has focused on edible films and active agents into edible film. In terms
of active agents, plant extracts have recently received much attention and have a tendency of
replacing synthetic agents (Frank et al. 2005).

Recently, several in vitro studies on the antioxidant and antiradical activity of betalains
(mainly betanin) from red beet extract (Beta vulgaris L.) have been published (Kanner et al.
2002). Anthocyanins play a role in industry as replacer of synthetic food colorants and have
health benefits, including reduced risk of cardiovascular disease (Bell and Gochenaur 2006)
and decreased risk of cancer (Dai et al. 2007).

As opposed to mixing these compounds directly with food, their incorporation into edible
films would localize functional effect at the food surface. Cellulose-based materials are
widely used because of their advantages like biocompatibility, edibility, barrier properties,
being non-toxic, non-polluting and having low cost (Vasconez et al. 2009). Use of HPMC is
attractive because, it is a readily available non-ionic edible plant derivative shown to form
transparent, odorless, tasteless, oil-resistant, and water-soluble (Villalobos et al. 2005).

The scientific objective of this study was to select the suitable color incorporated film to
filter the light causing oxidation in fat rich products and to understand the impact of the
composition of the film and the nature of the color molecules. Another objective was to
improve the properties of film by incorporating active molecules and to optimize the storage
of oil by incorporating both the color phenomena and composition of the film.

2. MATERIALS AND METHODS

HPMC, containing ~8.8% hydroxylpropoxyl and ~28.18% methyl contents, having viscosity
~I5mPas (2% in HO. 25 °C) was supplied by Fluka-Biochemika, Japan. Ethanol 96.2%
(Pharmaceutics CARLO Erba) was used to improve hydration of HPMC. Colors like blue
patent V (E131) and red aqua color (RAC), (pH at 20 °C: 9) were purchased from “Viskase”
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(France). Red natural color, a blend of Beet Juice (E162) and Purple Carrot Extract (E163)
was obtained from ColorMaker, California, USA.

2.1. Film preparation: Solution was prepared by dissolving 6g of HPMC in 65 ml of
distilled water, 35 ml of ethanol and 0.5% color. The film solution was mixed for 40 minutes
at 65 °C with a heating magnetic Stirrer (Fisher Bio-block scientific). After mixing, solution
was degassed at 50-60 °C by vacuum pump. Films were made by taking 6 g solution in the
lids of the Petri-dishes and dried at 20 °C and 50% relative humidity for 24 hours.

2.2. Film thickness and color measurement: Thickness was determined using the standard
NF Q 03-016 with a manual micrometer (Messmer, London, England) equipped with a head
measuring Smm in diameter a sensitivity of 2 um. The color of film was determined by a
spectrophotometer Data color International D65/10 (micro-flash® 200d. USA), in space
CIELAB (L* a* b*) where (L*) represents the lightness from white to black, (a*) color index
from green to blue and (b*) yellow to red.

2.3. Oxygen consumption: Oxygen content was analyzed by Gas Chromatograph equipped
with a Thermal Conductivity Detector (TCD) and a fused column 2m x 1/8” molecular sieve
5A (Tnierchim, France). The temperature of column was 50 °C and that of both injector and
detector were 120 °C.

2.4. Tensile properties: The mechanical properties of films were evaluated using Lloyd
instrument (Hants, United Kingdom) according to ASTM D 882-2002 on 6 samples of each
film preconditioned in environmental chamber at 22 + 2 °C and 50 + 5% RH for about 48 h.
The tests were performed on 60 x 15mm film strips using a force sensor of 5 KN and constant
speed of 20 mm/min.

2.5. Oxygen permeability: Film was sealed in a permeation cell containing silica gel. The glass
permeation cells with an exposed area of 26.42 cm’® were placed in a controlled temperature (37
+ 2 °C) and RH (@100%) chamber. The water vapor transport was determined from the weight
gain of the cell. WVP of the films was calculated as follows (Khwaldia et al. 2004).

WVP =AM A /Ap x 3600 x X (gm™ s Pa™) (1)

where AM is the change in weight of the cup over time (dm/dt), A is the area of exposed film.
Ap is the vapor pressure differential across the film and X is the film thickness.

3. RESULTS

Salmon oil samples were taken in the petri-dishes covered with lids having HPMC film
(thickness 40 + 5 um) of different colors. Each petri-dish was also covered from the sides
with black scotch to avoid from oxygen and light, and was placed under the fluorescent light
for eight days. Analyses to study the light-oxidation were done on 2™, 4™ and 8" day at 20 °C.

Table 1. Values of total change in color (AE) of films during 21 days of light exposure
measure by the equation: AEzy = V(ALY 5y + (Aa)i_oy + (AB)G 5.

Film composition AL* Aa* Ab* AE

Film transparent 11.21 0.15 -0.18 11.2
0.5 % RAC 0.08 0.05 0.49 0.49
1 % NRC -0.27 0.55 0.84 1.04
2% NRC -0.98 1.61 -0.17 1.89
3 % NRC -1.07 1.92 0.25 2.21
4 % NRC -0.85 1.11 -0.6 1.52
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Table 2. Thickness, barrier and mechanical properties of HPMC, flavonoide and color
composite films (mean of triplicate analysis).

Film Thickness Oxygen Tensile Ultimate Young’s
composition X (pm) permeability strength elongation modulus

(m’. m. m> s Bar') TS (MPa) UE (mm) Y (MPa)
Film transparent  47.6+ 3.7 2.57+0.38 64.50+5.98 4.30+1.03 2492452
0.5% RAC 40.0+5.0 0.57+0.09 59.24+5.56 2.91+0.57 2471+395
1 % NRC 46.3+5.5 0.74+0.15 55.33+1.12 5.27+0.76 2217+380
2 % NRC 58.1£3.4 0.73+£0.23 37.774£3.21 5.00+1.07 1429+172
3 % NRC 57.54£2.5 0.16+0.08 39.60+2.79 5.26+1.20 1720+158
4 % NRC 51.745.1 0.11+0.09 41.90+9.57 7.70£1.66 1106+141

4. DISCUSSION

Previous studies have shown that the light intensity has a considerable influence on light-
induced oxidation in food products (Borle et al. 2001). All salmon oil samples showed
different pattern of lipid oxidation with HPMC films of different colors over the 8 days of
storage. During this period, salmon oil stored in transparent and blue films exhibited a higher
degree of lipid oxidation respectively than in the other films (Figure 1). It is obvious that in
the transparent and blue packaging the affect of light was more pronounced than in other
films. The higher degree of lipid oxidation recorded for the blue film as compared to red film
may be attributed to its complimentary color (orange) and the color of the salmon oil (orange)
(Chandrasekaran 2001). Results showed that red color has a very good control of photo
oxidation.

25
Figure 1 Eﬁpec.t Of 20 L ——— —2 —e—transperant
light exposure time —m—blue
on the loss of = —a—red
Oxygen percenl‘age ON 10 | —e— Under darkness
in salmon oil
covered with 5
HPMC films of 0 | | | ‘ ‘
different colors. 0 2 4 6 8 10

EXPOSURE TIME (days)

The results given in Table 1 show no significant change in film color from 0 to 21 days of
light exposure. In contrast, the value of AE is very high for transparent film which means that
its transparency has been changed. Results showed that the color of films containing 0.5% red
aqua color (RAC) was more stable than that containing NRC. Conversion of CIE L * a * b *
to CIE Yxy is required for better understanding of color change using chromaticity diagram.
The capacity of HPMC films for preserving the integrity of food stuff was evaluated by
measuring the tensile strength (TS), Young’s modulus (Y) and ultimate elongation at break.
As expected the concentration of color and flavonoids had shown influence on the tensile
strength (Table 2). The addition of RAC has decreased TS, ultimate elongation at break and
Young’s modulus (Y). An increase in ultimate elongation at break and decrease in both, TS
and Young’s modulus (Y) was shown by the incorporation of NRC. Flavonoides incorporated
films appear to have lower oxygen permeabilities than films containing 0.5% red aqua color
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(Table 2). The observed behavior could be related to the structural modification of HPMC
network. Hydrophilic compounds resulted in less dense film matrix, facilitating movements of
polymer chains under stress, hence declining the film resistance.

5. CONCLUSION

Use of HPMC films with suitable colors can control the photo-oxidation of salmon oil. The
blue films have very poor performance and provide levels of oxidation of oil similar to those
obtained with a transparent film. The red films can get control of the photo-oxidation
equivalent to storage under darkness. Controlling pH of film forming solution may enhance
the color stability. The use of natural colors has ability to decrease oxygen permeability of
films.
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Whiteness, yellowness and browning in food colorimetry
— a critical review

Robert HIRSCHLER
SENAI/CETIQT Colour Institute, Rio de Janeiro, Brazil

ABSTRACT

In a review of over 200 articles published in over 30 journals dedicated to food science and
technology we have found ample references to the application of whiteness, yellowness and
browning formulae, most of them related to the description of the change in some kind of
technological or process parameter, rather than the perceptual change of the white, yellowish
or brownish colour of the product. We have compared these formulae and analysed their
application in the most varied fields related to food colorimetry. Whiteness is an important
characteristic of many food products from milk and rice to surimi and pasta. In many cases
whiteness is desirable, in others it is not. Deviation from whiteness may be perceived as
yellowness or browning, and there are hundreds of articles (and some pages in a few
textbooks) describing this phenomenon using whiteness, browning and —less frequently—
yellowness indices. In many cases, however, the authors use inadequate parameters or other
than the best formula for the characterisation of processes, or of colour changes due to
processing or storage of food.

1. WHITENESS INDICES

In the food industry the most frequently used whiteness indices are L* (often erroneously
called “whiteness” instead of “lightness™) and Wlypp = 100 — [(100 — L*)? + (a*)* + (b*)*]"?
(or the equivalents with Hunter coordinates), first suggested by Judd and Wyszecki (1963). In
many publications the Wlgunter = L* — 3b* formula (originally proposed by Hunter, 1960,
for Hunter L, a, b coordinates) is used, but we found reference only in two cases to Wlcyg, the
current CIE whiteness formula (CIE 2004). The reason for neglecting the only internationally
recognised formula lies in the fact that natural or processed food products are very rarely
white enough to fall within the limits of its validity.

2. YELLOWNESS INDICES
The Hunter b or CIELAB b* coordinate is quite often used for the characterisation of
yellowness. Yellowness indices are unduly neglected in the publications reviewed, they report
only in a few cases the application of the Ylg313 according to ASTM (2005) or the Ylgc =
142,86 b*/L* formula often referenced to Francis and Clydesdale (1975).
3. BROWNING INDICES

Browning index in the literature may mean one of two things: a simple indicator of a chemical
change (often characterised by the optical density at a given wavelength or the ratio of the
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reflectance at 570 nm and 650 nm); or the colour change due to oxidation of a freshly cut fruit
or vegetable surface, during storage or drying, or the baking of bread. The simplest (and in
this case probably least adequate) indicator of the colour change is the L* coordinate (or 100-
L* or 100/L*), excitation purity is often used following the suggestion of Buera et al. (1985):
BRgpugra = 100 (x.-0.31) / 0.172 (for C / 2°). For illuminant D65 this takes the form Blgygra
=100 (xpes-0.32) / 0.162 (Bhattacharya 1985).

4. CASE STUDIES

Ilustrating some of the concepts of using whiteness, yellowness and browning indices we
have taken colorimetric data from the literature. Where not enough details were given in the
published paper the authors have kindly provided them in private communications.

4.1 Sensory characteristics of yoghurt

Vargas et al. (2008) used the WIjypp formula (D65 / 10°) to characterise the whiteness of
yogurts prepared from mixtures of fresh raw caprine and fresh raw bovine milk.

L* and the Wl;upp are very similar in behaviour, they are very little sensitive to the change
in milk composition. In this case Wlgunter or Wlcie shows higher sensitivity, but the colour
of the milk mixtures (except for pure goats’ milk) is too yellowish, thus Wlcyg is not supposed
be applied.

The most adequate index would be either YIgsi3 or Ylpc (which are in this case strongly
correlated, R* = 0.9983) or even b*, which in this case behaves very similarly to the two
yellowness indices.

4.2 Whiteness of surimi gels

Xiong et al. (2009) investigated the effect of different levels of KGM on the whiteness
(Wlupp — C / 2°) of grass carp surimi gels. As there is very little change in a* and b* (and
very low chroma for all samples) the L* and WIjupp values are very close. Other whiteness
indices, however, show a somewhat different tendency. It must be emphasized that the
differences between different concentration levels of KGM are very small, at the border of
perceptible differences.

4.3 Yellowness of the mashed potatoes

Fernandez et al. (2008) measured the effect of biopolymer concentration and freezing and
thawing processes on the colour parameters of fresh and frozen/thawed mashed potatoes and
calculated the YIcr (D65 — 10°). For their sample sets the correlation between YCgc and
Ylgs1; was R*= 0.87, while that between the CIELAB coordinate b* and Y133 was as high as
R*=0.97. These correlations are very highly dependent on the sample set in question.
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4.4 Drying of onion slices

Arslan and Ozcan (2010) studied the effect of sun, oven and microwave drying on quality of
onion slices. They measured CIELAB (C / 2°) coordinates, and discussed the colour change in
terms of the individual coordinates. If we use one of the well known yellowness or browning
indices, interesting further conclusions may be drawn from these data: they rank the colour
effect of different drying methods differently than the L* or b* coordinates individually.

There is very high (over 0.99) correlation between the yellowness and browning indices,
but very low between them and b*. This goes to show that b* cannot always be used as a
yellowness index, depending on the sample set it may or may not correlate well with
yellowness/brownness.

4.5 Colour improvement in surimi

Taskaya et al. (2010) investigated the colour improvement by titanium dioxide of proteins
recovered from whole fish, and arrived at the conclusion (based on Wljypp values), that that
whiteness of restructured fish products based on proteins recovered from whole fish via
1soelectric solubilization/precipitation can be similar to the whiteness of surimi seafood.
However, if we look at the Wlgunter, Ylrc or Ylgs13 values we can see that surimi is in fact
much whiter than recovered proteins.

4.6 Cheese colour

Sheehan et al. (2009) studied the effect of partial or total substitution of bovine for caprine
milk on the colour of semi-hard cheeses. Their data (C / 2°) show that only the b* coordinate
changes significantly, there are only very small changes in L* and a*. For such a sample set
the Ylgc and Ylgs;3 are very strongly correlated as are the BRgygra and b* values.

4.7 Colour evaluation of pasta samples

Svec et al. (2008) evaluated the colour of different pasta samples made of three types of flour:
bright M1 as well as semi-bright M2 were milled from common wheat, while M3 from durum
wheat. The number of eggs used in the pasta had greater influence on the yellowness for M1
(bright), less for M2 and M3. Adding 2 eggs reverses the yellowness of M1 and M2 pastas as
measured by both YlIgs;3 and Ylgc, but not by b*.

4.8 Colour of fried, battered squid rings

Baixauli et al. (2002) investigated the effect of the addition of corn flour and colorants on the
colour of fried, battered squid rings. Increasing the amount of corn flour seems to increase the
yellowness indices YIrc and Ylgs;3, primarily due to the increase in the a* coordinate.

The increase in colorant concentration (tartrazine and riboflavin) seems to increase the
yellowness indices, but plotting the same data on a CIELAB a*-b* diagram shows a lack of
clear tendency in the colour development due to increased colorant concentration.
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Application of non-contact digital imaging
for “measuring the un-measurable”
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ABSTRACT

The visual stimulus of food - its colour and visual appearance is considered a predominant
influence enticing the consumer to purchase and to maintain loyalty to a brand. Consumer
perception of product colour creates a direct correlation between the colour and appearance
and the quality and desirability of that product in terms of taste, nutritional value, freshness
and safety. The quality control challenge confronting food producers is to ensure the
consumer’s visual expectations are met and continually maintained in an increasingly
competitive and intricate industry with a geographically disparate supply chain. Controlling
product colour by visual assessment is difficult and subjective, as the majority of foodstuffs
are not simple homogeneously coloured items but are irregularly shaped, multi-coloured and
often viscous or semi-viscous liquids. Traditional colour measurement instruments such as
colorimeters and spectrophotometers give a satisfactory measurement and good correlation to
the visual assessment when the product is a smooth surfaced, uniform, solid structure.
However for heterogeneous items, as are the vast majority of food products, the restrictions
and limitations of these types of instruments accentuate the need for a method of measuring
colour unrestricted by product shape, colour or form.

1. PERCEIVED CONSUMER EXPECTATIONS

Of the various sensory inputs influencing the consumers purchasing decision, sight is
undoubtedly one of the main factors across many retail sectors. Within the food sector the
visual attributes of food, its colour and overall appearance, are widely acknowledged as one
of the most important factors. For a wide range of products, especially fresh produce, colour
is one of the key factors which determine if the consumer will buy that product.

Product colour can have very subtle influences on consumer choice. For example, the
perceived ideal crust colour of bread may vary from country to country and between different
regions within one country. Manufacturers need to be aware of these preferences and adjust
their baking processes accordingly to meet these needs. This requires not only effective
process control but clear and well defined standards for Quality Control purposes. In this
instance high quality digital images and hard copies are ideal. For green vegetables, colour
intensity and the retention of the ‘greemmess’ is essential for conveying ‘just picked
freshness’. Monitoring of colour deterioration after harvesting and during storage is essential
for the retailer to know how their products will perform during their journey from harvest to
store.

Unlike the visual considerations engaged when selecting, for example, an item of clothing,
our sense of sight, when selecting products such as meat, fish, bread, cakes, fruit and
vegetables all introduce innate, possibly primordial, instincts. Subliminal questions are asked
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and answered regarding product’s colour and overall visual appearance - Is it safe to eat? Will
it harm me? Will it be healthy? Will it give my family the nutritional value they need? Colour
also determines expectations of flavour - Will it taste sweet or sour? Will it be juicy? Will the
texture be hard or soft? Colour is the criteria engaged to satisfy the consumer’s current and
future needs - Is it mature, ripe and ready for eating now or will it keep until the weekend?

The answers, learned through experience and probable parental advice, have created in the
eyes of the consumer, a direct correlation between the product colour and appearance and the
product’s quality, maturity and the perception of it being ‘fit for purpose’. This consumer
perception undoubtedly has a significant impact on how food produce and ingredients are
quality controlled for colour throughout the supply chain.

2. CONTROLLING THE COLOUR OF FOOD PRODUCTS

The issue for controlling the colour quality of food is the variability of natural products. A
product cannot be made to an exact colour tolerance and in some cases this would not be
desirable. However, products can be monitored to ensure they fall within an acceptable colour
tolerance and investigations can be made regarding why and how the colour can vary from
harvest to harvest or from batch to batch. The method of controlling the colour of food
products remains a continuing quality control challenge for manufacturers, even more so as
the supply chain becomes progressively more complex and globally diverse. It has never been
more important to control colour from source to store, from farm to table.

Historically, the prevailing method of controlling the colour and visual characteristics of
food and ingredients was by the use of sensory assessors, initially with no control of the
ambient light and with inconsistent viewing conditions. The introduction of standardised
viewing environments with consistent and reliable illuminant, together with an increased level
of colour training and education produced significant advancements in the objectivity of the
assessment of colour. In practice however, and notwithstanding the experience or dedication
of the assessors or the effectiveness of their training, a degree of subjectivity will always
remain. It is this subjectivity that can prove incredibly costly to manufacturers if the retailer
and ultimately the consumer deem the product colour to be unacceptable.

Instrumental colour measurement tools, such as spectrophotometers and colorimeters, can
measure the reflectance or transmission of a sample product. These instruments have, to date,
seen a reasonable uptake in the food manufacturing environment as a first step towards
improved accuracy and objectivity in colour quality control. However, these instruments have
significant limitations in application, due to the extremely wide range of food produce and
general diversity in terms of irregular shape and appearance. Product is often destroyed or
modified in some way in order to take a measurement often making the results very tenuous
in respect of the observed colour or appearance as seen in store. By using a non-contact
measurement the product can usually be measured in the form in which it will be purchase in
store by the consumer.

While traditional measurement instruments can provide objective ‘pass/fail’ results they
can be limited in application as they intrinsically measure only an ‘average’ colour, assessing
only the limited, and possibly unrepresentative, area exposed to the aperture of the
instrument. Crucially the measurement of this isolated and unrepresentative area may not
correlate with how the human eye sees the colour and overall appearance of product due to
the influence of, for example, simultaneous contrast. Colour measurement of small, isolated
and unrepresentative areas of food product is proving to be increasingly inadequate to enable
food manufacturers to meet the retailer specifications for quantifiable and reliable colour data.
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3. NON-CONTACT DIGITAL COLOUR MEASUREMENT

Non-contact digital imaging technology, designed specifically to address such challenges, is
now gaining increasing acceptance by food manufacturers and brand owners. Unique digital
imaging based systems using tightly controlled illumination in a totally enclosed cabinet, such
as the DigiEye system developed jointly with the Universities of Derby and Leeds and
Lighting specialist, VeriVide, are already being used by many international blue chip
companies and food research organisations in a wide array of food sectors around the world.
The system generates colour accurate images from which colour data can be extracted to
allow the consistent control of product colour and appearance.

The design enables non-destructive sample measurement, removing the need for time-
consuming sample preparation through detrimental product dissemination such as grinding or
sieving. This method of measurement also maintains the integrity of the product sample,
avoids potentially prejudicial destruction and allows the product to be assessed as the
consumer would view it.

The system has a characterised digital SLR camera, which allows data extraction from any
pixel. Product samples are captured within a totally controlled lighting environment which
eliminates all ambient light and may be configured to include or eliminate any surface texture
or gloss. Diffuse illumination removes the specular reflections of products with glossy, wet or
curved surfaces, thereby enabling reliable colour measurement of product such as fruit, soup
and yoghurts, meat & poultry and vegetables. Conversely the angled illumination allows the
appearance of product with uneven surface structures and texture, such as biscuits and bakery
products, to be clearly displayed, measured and evaluated. A calibrated monitor and printer
can also provide highly accurate on-screen representation of the product and printed colour
accurate authentic representations of the product can be used as master product standards.

The key advantage for image based systems is that it allows colour attributes to be
measured in context. Image processing techniques allow specific pixels of interest to be
selected and CIELAB data calculated; a process not possible with traditional measurement
instruments. As the product can be presented for measurement ‘as seen’ by the consumer,
attributes other than colour may also be assessed, such as the distribution of a particular
ingredient within the product matrix or the amount or coverage area of one component over
another. Crucially not only does imaging provide an ‘in context’ colour measurement it also
provides a visual record of the product at the time of measurement.

4. MOVING BOUNDARIES

The boundary which previously determined the limited range of foods for which accurate
colour measurements could be obtained is radically moved through the use of non-contact
digital colour imaging systems.

Food products which are non-uniform in shape, size or colour can now be consistently
controlled and consumer expectations attained. Accurate and reliable colour measurement of
for example, dried fruits such as cranberries, is difficult as they are too small to be measured
as individual single fruits using a spectrophotometer and too uneven and variable to provide
repeatable measurements if measured in quantity. Using digital imaging the same product can
be accurately and repeatedly measured either individually within a batch or as a batch. The
‘dark spaces’ between berries can be discounted from the measurement. Automated
measurement methods also allow the sample preparation time to be considerably reduced.

Limitations of spectrophotometers and colorimeters are highlighted in attempts to obtain
accurate and reliable colour measurement of food products such as a multi-component
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vegetable soup. However using image sorting functions the different ingredients of the soup
can be measured in-situ, negating the requirement to firstly strain out the individual elements.
Work carried out by van Dalen, Osman and Don (2010) has already proven that digital
imaging methods perform better than conventional instruments for this particular product.

Meat products, which are translucent to some degree, also create a challenge for
spectrophotometers and colorimeters. For measurement of bacon, which is a very translucent
product, results from a spectrophotometer are affected by slice thickness and the background
upon which the bacon is placed. By using the appropriate lighting conditions and
backgrounds, repeatable and consistent colour measurements are possible using imaging
techniques that measure the surface flesh colour, without distortions of background colour.

For viscous liquids such as cooking sauces or mayonnaise, producing the flat measurement
surface required for a spectrophotometer is difficult, probably impossible. Non-contact image
processing techniques alleviate this issue providing reliable, repeatable colour measurements.

Digital imaging solutions open up a whole range of new measurement possibilities for
product quality control, process and shelf life evaluation and product development. Digital
images do not decay with time and produce an accurate record of both the colour and
appearance of a foodstuff or ingredient. This wealth of extra data can greatly assist in moving
forward product quality and meeting the exacting expectations of the consumer.

5. GLOBAL COMMUNICATION OF IMAGE AND COLORIMETRIC DATA

Digital images are also portable. The ability to communicate images and data electronically
facilitates quick and dependable visual product comparisons and opportunities for instant
decision making, with the associated opportunities of increased consistency and reliability of
food product and ingredients. This, for example, has proved invaluable for research of
product shelf life and the colour stability of those food products which are sensitive to rapid
deterioration.

The DigiEye system has diverse applications for accurate, efficient automatic colour
measurement from raw material to end product. Typical applications include the creation of
highly accurate colour photographic standards and specification sheets, post harvest shelf life
colour stability analysis, visual inspection and instrumental measurement for quality control
and quantifiable and unambiguous tolerance management.

Digital Imaging systems offer significant and tangible benefits in terms of quality control
and brand value over traditional instrumentation techniques, due to their wide scope,
accuracy, repeatability and flexibility. This capability results in real cost, time and substantial
production efficiencies not previously realized by either R&D or commercial enterprises in
the food sector.
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ABSTRACT

A computer colour matching technique was used to calculate the concentrations of primary
food dyes in microwave cake samples needed to match standard ceramic tile colours. This
research is a first step in developing novel, multi-coloured, customised foods which can be
produced rapidly at point-of-sale. Absorption to scatter (K/S) spectra were determined for the
tile targets and blank cake substrate, and unit K/S spectra determined for each dye in the
substrate. The concentrations of dyes needed to match the targets were computed by the Allen
colorimetric algorithm. To prepare the cake samples computed concentrations were adjusted
to range between zero and legal maximum. The results indicate that the ability to match tile
colours with cake colours is influenced by the target colour, the combination of dyes used,
material differences between the target and matching systems, and the inclusion of tile gloss
in the target.

1. INTRODUCTION

Personalised foods is a developing consumer trend which aims to provide customisable health
or sensory outcomes for individual consumers or groups. An additional, but currently less
explored, manifestation of personalised foods is the concept of being able to customise the
visual appearance of any prepared food. An example of this currently under development is
the capability to produce multi-coloured, customised foods which can be produced rapidly at
point-of-sale. It is envisaged that the consumer would be able to provide a design or image of
their choosing which could then be rendered as an identical colour replicate within a food
substrate, and through the use of only three or four primary colorants. To achieve effective
image transposition in this way will therefore necessitate rapid and accurate colour matching
capability.

In the food industry, colour needs are usually met by expert formulators who can produce
colour blends using visual matching, using colorants appropriate to the food substrate (Francis
1999). By contrast, computer colour matching techniques used in the paint, ceramic, textile
and plastics industries can provide quick solutions to calculating the amounts of dye needed to
match colours, and are based on instrumental rather than visual matching.

The aim of this work was to match glazed ceramic tile colour standards with three primary
food dyes added to a model food, using computer colour matching techniques. This was a first
step towards developing rapid colour matching capability for the new food application. The
specific technique applied was colorimetric matching, which can be used when the colorants
in the target are unknown. The technique aims to match the X, Y and Z colour coordinates of
a target by adjusting the X, Y and Z coordinates of three dyes in a substrate. The
concentrations of dyes needed to match the target are computed by the Allen algorithm (Berns
2000). Colour matching requires the absorption to scatter (K/S) spectra of the target, substrate
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and dyes. These are used to calculate X, Y and Z. For each dye, the K/S spectra of the
substrate containing dye at different concentrations are used to derive unit K/S spectra, which
is a constant that explains the relationship between concentration and colour.

2. EXPERIMENTAL

The reflectance (360 to 740 nm) of twelve CERAM Series II glazed tile colour standards
(CERAM, Staffordshire, UK), a microwave-cooked cake, and cake samples containing
synthetic food dyes, was measured under illuminant D65. The specular component was
included for the tiles, and excluded for the cake samples. Absorption to scatter (K/S) spectra
were determined from reflectance. For the tiles, K/S spectra were calculated from total
reflectance, or from internal reflectance using the Saunderson correction. Unit K/S spectra for
blue (‘Blue’), red (‘Red 1’ and ‘Red 2’) and yellow (‘Yellow 1’ and ‘Yellow 2”) food dyes
were derived from the K/S spectra of cake samples containing dye at different concentrations.
These concentrations were within the legal limit for New Zealand and Australia.

The concentrations of Blue, Red 1 and Yellow 1 dyes needed to match each tile colour
were computed by the Allen colorimetric algorithm, using Microsoft Excel. Computed
concentrations were used to predict L*a*b* colour coordinates (ASTM 2008) for the cake
samples. Predictions were made for AE*,,, the difference between tile and cake L*a*b*. To
prepare the cake samples some concentrations needed to be adjusted to range between zero
and legal maximum. Measured L*a*b* of the cakes were used to calculate the actual AE*,,
between tile and cake. To improve matching for some colours, concentrations were computed
for new dye combinations in which an alternative dye was substituted for the original dye of
the same colour. Cake samples were prepared using selected dye combinations, and new
AE*,, calculated for the difference between tile and cake. Hue angles of tiles and of cake
samples were also calculated as an additional measure of the degree of matching.

3. RESULTS AND DISCUSSION

The wavelength of maximum unit K/S (Amax) for the blue, red and yellow food dyes are shown
in Table 1.

Table 1. Wavelength of maximum unit K/S, Ayay, for food dyes in microwave cake.

Dye Amax (NM)

Blue 630
Red 1 510
Red 2 520

Yellow 1 430
Yellow 2 490

For colour matching, the concentrations of Blue, Red 1 and Yellow 1 dyes computed by
the Allen algorithm that were needed to match some of the tile colours were negative, or the
totals for the three dyes exceeded allowable levels. This may have been due to the material
differences between tile and cake, such as differences in substrate colour. The range of
predictions for AE*,, the colour difference between tile and cake, and ranges for actual
AE*y, after adjustment of dye concentrations to between zero and permitted maximum, are
shown in Table 2.
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Table 2. Ranges for the predicted and actual colour difference between tile targets and the
cake samples prepared to match the tiles. The target colours are also given. Dye
concentrations were computed based on total reflectance (‘SCI’) or internal reflectance
(‘internal’) of the tiles as the targets.

AE*,, for the difference Actual AE*,;, between tile
between tile and predicted  and cake samples prepared

cake L*a*b* using original using adjusted
computed concentrations concentrations
SCI internal SCI internal
lowest 1.6 1.1 1.4 3.6
Grey Grey Grey Grey
highest 7.9 12.0 19.3 253
Red Yellow Cyan Cyan

Using the original computed concentrations, AE*,, values were less than 3 for around half
the number of target colours, indicating the potential suitability of the colorimetric method. A
AE*,, of 3 is considered the limit for an acceptable match (Francis and Clydesdale 1975).
When the target was total reflectance (SCI), all except one colour had a AE*,, value less than
5. Although internal reflectance would normally be used in colour matching, the result
suggests total reflectance of the tiles was a more useful target for matching with cake colours.
The effect of adjusting computed concentrations was to increase AE*,, from the predictions.
Actual AE*,, values were lower for most colours when the target was total reflectance.

The colour differences between tile and cake when using alternative dyes to improve
matching for some colours are shown in Table 3. These colours had actual AE*,, values of
more than 5 using the original dyes, when total reflectance was the target. At a minimum,
substitution of Red 2 dye for Red 1, and of Yellow 2 for Yellow 1, lowered AE*,, or reduced
the hue angle difference between tile and cake.

Table 3. The change in AE*,;, colour difference, and in hue angle difference, between tile and
cake when alternative dyes were substituted to improve matching.

Colour Dye substitution Change in AE*,, for the Hue angle difference
difference between tile and Previous New
actual cake colour (SCI)

Cyan Yellow 2 for Yellowl +3.8 -394 +6.0

Deep Blue Red 2 for Red 1 -2.0 +0.2 -71.9

Orange Yellow 2 for Yellowl -8.3 +10.7 +3.0

Red Red 2 for Red 1 -4.8 -4.9 -3.1

4. CONCLUSIONS

Colorimetric matching could be a useful basis for rapid matching of target colours in this food
system. Matching ability however appears to depend on the target colour and dye
combination. Material differences between tile and cake (such as background colour) and
limitations on the number and level of dyes that can be used, present challenges to matching.
Most AE*,, differences between tile and cake are above the threshold of an obvious visual
difference, but whether the matches are visually acceptable remains to be determined.
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ABSTRACT

The improvement of the CIEDE2000 color-difference formula with respect to CIELAB has
been experimentally tested using 10 color pairs which were specifically designed with this
goal by Dr. D. H. Alman (CIE TC 1-47, chairman). The merit of these two formulas and the
inter-observer experimental variability were measured using the Standardized Residual Sum
of Squares (STRESS) index. Experiments were performed in two different laboratories, using
the 9-steps gray scales for “Color Change” and “Staining” manufactured by the American
Association for Testing Chemists and Colorists, and the Society of Dyers and Colourists.
Observations were performed under standardized D65 sources by 21 inexperienced observers
with non-defective color vision. The results found in both laboratories employing the two 9-
steps gray scales were similar, and indicated a clear improvement of CIEDE2000 upon
CIELAB, as was expected. The inter-observer variability in our experiments was considerably
high, even higher than the predictions made using CIEDE2000. This means that CIEDE2000
(but not CIELAB) predicted our average-observer’s results better than individual observers as
a group. Current results encourage the use of the CIEDE2000 color-difference formula in
industrial and applied colorimetry, including food color research.

1. INTRODUCTION

Color measurement has been defined as “a measurement that relates to what an observer sees”
(Berns 2000: 76), emphasizing the importance of visual observations:

Recent texts on color technology contain a wealth of information about instrumental
color measurement yet hardly consider visual color measurement. ... Consider this
question: Has a costumer who finds a batch of material visually unacceptable ever
changed his or her mind after looking at instrumental data? (Berns 2000: 78)

A color-difference formula is a mathematical equation providing a real number (AE) from
the tristimulus values of two samples (reference and batch), considering also sometimes the
specific illuminating and observing conditions for the color pair. The main goal of a color-
difference formula is to provide a AE value in good agreement with the visual difference (AV)
perceived by an observer with non-defective color vision for any color pair. In fact, the visual
difference between two color samples (AV) is the answer of the human visual system, which
can be obtained using many different techniques. One of the most popular techniques for the
visual assessment of color differences is the use of gray scales (JSDC 1953).
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Table 1. CIELAB coordinates for the 10 color pairs produced by Dr. Alman (DuPont, USA)
and assessed in our visual experiments (Illuminant D65, CIE 1964 Standard Observer.

Color Reference Batch

pair L*1o a*io b*o L*1o a*yp b*1o
1 51.11 0.09 0.96 48.17 0.12 0.77
2 81.92 -0.16 0.83 77.69 0.06 0.80
3 35.95 0.18 0.96 32.38 0.17 0.94
4 37.46 32.88 20.52 37.65 40.18 25.24
5 48.88 6.55 -18.88 49.23 3.81 19.66
6 50.38 -9.24 -16.39 50.81 -6.31 -18.40
7 30.44 0.08 -32.57 30.69 5.86 -36.02
8 29.86 4.15 -33.70 30.10 1.33 -35.96
9 49.27 -1.59 2.17 49.44 -1.49 5.63
10 49.89 -1.22 -2.27 49.90 -3.57 -2.39

Note that using a successful color-difference formula, the subjective visual assessments of
color-differences could be reliably replaced by objective instrumental measurements. The last
color-difference formula proposed by the International Commission on Illumination (CIE) is
CIEDE2000 (CIE 2001), which was found significantly better than the CIELAB color-
difference formula from a wide set of 11273 color pairs (Luo et al. 2001). In 2002, Dr. D. H.
Alman (DuPont Automotive Products, USA), who was the chairman of the CIE TC 1-47
proposing the CIEDE2000 formula, followed a suggestion from Prof. M. R. Luo (University
of Leeds, UK), and produced 10 color pairs to show the advantages of CIEDE2000 upon
CIELAB. The goal of this paper is to report on the visual assessments of these color pairs by a
group of inexperienced observers with normal color vision, evaluating the performance of
CIEDE2000 and CIELAB, as well as the average inter-observer variability.

2. MATERIALS AND METHODS

Table 1 shows the color coordinates for the samples produced by Dr. D. H. Alman, which
were highly uniform metallic samples with size 4.5 x 9.0 cm, mounted in direct edge contact
on neutral backgrounds (L*;p = 52.9; a*,p=-3.3; b*;p = 0.7) 15 x 20 cm. A total of 21 non-
defective inexperienced observers (CIMET Erasmus-Mundus Master students in France and
Spain) assessed each one of these 10 color pairs, employing different color-fastness gray
scales. All observations were made in commercial color assessment cabinets with D65 source.

Figure 1 shows the measured CIELAB color-differences for the color pairs in the gray
scales manufactured by the American Association for Testing Chemists and Colorists
(AATCC) and the Society of Dyers and Colourists (SDC). Note that the gray scales from both
manufacturers are very similar, the range of color-differences covered by the “Staining”
scales being considerably higher than the one covered by the “Color Change” scales. Because
of specific temporal constraints, the observers didn’t perform replicated assessments on each
color pair, and only the gray scales from SDC were employed in the laboratory L/.

The STRESS index (Garcia et al. 2007) has been employed to evaluate the performance of
CIELAB and CIEDE2000 color-difference formulas with respect to the average visual results,
as well as to evaluate the average inter-observer variability (i.e. the average of STRESS values
found considering the visual result from each observer and the average of the group). Lower
STRESS values (always in the range 0-100) indicate better agreement between visual results
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and predictions made by color-difference formulas (CIELAB or CIEDE2000), as well as
lower inter-observer variability. According to our visual conditions, the parametric factors in
the CIEDE2000 formula were kept as k;=kc=kr=1.0.
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Figure 1. Color-differences for the 9 steps gray scales produced by SDC and AATCC and
measured in laboratories L1 and L2. Dot lines show the AE*,p, 19 range for the Alman’s pairs.
3. RESULTS AND DISCUSSIONS

The results found in our experiment are summarized in Table 2. From this Table, the next
points can be addressed:

Table 2. STRESS values found in laboratories L1 and L2 using different 9-step gray scales.

SDC AATCC SDC AATCC
Change in Color Change in Color  Staining  Staining
Laboratories: Ll L2 L2 Ll L2 L2
CIELAB 41.8 48.6 43.9 422 442 550
CIEDE2000 27.4 25.8 26.1 332 282 31.6
Inter-Observer 33.7 36.1 48.0 29.7 354 365

1) At most the difference between the results from laboratories L/ and L2 was 6.8 STRESS
units. Probably this difference should be even lower using a higher number of observers.
Statistical analyses from the results of our different observers reported no outliers.

2) As expected, the CIEDE2000 color-difference formula always performed better (lower
STRESS values) than the CIELAB one. Specifically, the difference between these two color-
difference formulas ranged from 9.0 to 23.4 STRESS units. This result agrees with previous
findings using datasets with larger number of color pairs (Melgosa et al. 2008). Besides the
high improvement achieved by CIEDE2000 upon CIELAB, it must be said that, from the
current results, the difference between CIEDE2000 and CIELAB is not statistically
significant, as was also expected from the low number of color pairs employed here.

3) With only one exception (LI, SDC Staining), the inter-observer variability was always
considerably higher than the predictions made by the CIEDE2000 color-difference formula.
The same cannot be stated for the CIELAB formula. This means that CIEDE2000 (but not
CIELAB) predicts average-observer’s results better than individual observers as a group.
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Anyway, it must be considered that this result is based on naive observers’ answers, whose
inter-observer variability may be higher than for experienced observers.

4) Results found in laboratory L2 from the “Change in Color” and “Staining” scales doesn’t
report a clear trend: while slightly lower STRESS values were found using the SDC
“Staining” scale, the same cannot be stated using the AATCC “Staining” scale. Probably, in
practice the main difference between the AATCC and SDC gray scales is only the horizontal /
vertical orientation of their color pairs. In a previous experiment using 5-step gray scales from
a third manufacturer, it was consistently found that for these color pairs the STRESS results
from the “Staining” scale were lower than those from the “Color Change” scale (Grosman et
al. 2010). Analogously, there is no clear trend comparing the STRESS results found from the
SDC and AATCC “Change in Color” (or “Staining”) gray scales.

In conclusion, the 10 color pairs produced in 2002 by Dr. D. H. Alman (DuPont
Automotive Products, USA), (Table 1), can be successfully employed to show the
improvement of the currently-recommended CIEDE2000 color-difference formula upon
CIELAB.
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ABSTRACT

The aim of this study has been focused on two objectives: (a) to determine the equivalence
between sensory evaluation of the appearance of deep-fried breaded veal (DFBV) performed
on the real product as well as on a photograph of the same product, (b) to analyze the
relationship between sensory analysis and instrumental assessment of visual texture and
colour. DFBV were prepared from bovine meat, dipped in egg and covered with bread
crumbs. The process of dipping in egg and covering with bread crumbs was performed once
or twice. Cooking was in sunflower oil at 180 °C at two different times. A panel of 8 trained
assessors measured the appearance profile of the real-life samples and their photographs.
General Procrustes analysis showed that both the real-life and photograph configurations were
close to the consensus, indicating that overall, both measurement methods provided similar
results. Digital images of the DFBV were processed to obtain the chromatic heterogeneity and
the average color for the different treatments. It was found that the cooking time induced
descents of lightness and hue (darker and reddish samples) while the number of dips increased
them (lighter and yellowish samples). These instrumental results were in accordance with the
sensorial ones.

1. INTRODUCTION

Deep-fried breaded veal (DFBV) is one of Argentina’s most popular food products; it is also
consumed in other Latin American countries and Spain. It is prepared by dipping slices of
approximately 5 mm thick veal in beaten egg followed by breading and frying. To appreciate
its crispy texture it is generally consumed hot. Appearance is a fundamental attribute in
consumer’s evaluations of DFBV. Factors like degree of cooking, presence of bubbles (bread
crumbs not properly stuck to the meat) and degree of meat coverage are all appreciated
visually. Serving freshly prepared DFBV to a large number of consumers is relatively
complex. The evaluation of a photograph is a lot easier; however for this evaluation to be
valid the results have to equivalent to evaluating the real-life product.

Computer machine vision systems (MV) have been developed as an alternative to visual
sensory evaluation. Kane et al. (2003) compared instrumental and sensory measurements,
both performed on cookie images. O’Sullivan et al. (2003) predicted visual sensory quality of
pork from computer vision methods, also using digital images. Balaban et al. (2008) obtained
good correlations between MV and a sensory panel evaluating the same digital photographs of
non-homogenous agricultural materials. However, in these works there was no comparison
between the sensory evaluation of the real-life samples and their corresponding photographs.
Once this relation has been established it is possible to validate an MV system.
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This study had two main objectives: (a) to determine the equivalence between sensory
evaluation of the appearance of DFBV performed on the real-life product as well as on a
photograph of the same product, (b) to analyze the relationship between sensory analysis and
“instrumental assessment of visual texture and colour” of DFBV.

2. MATERIALS AND METHODS

2.1 Sample preparation and presentation

DFBYV were prepared from 5 mm thick semitendinosus bovine meat, dipped in reconstituted
egg powder and covered with bread crumbs. The process of dipping in egg and covering with
bread crumbs was performed once (egg-bread) or twice (egg-bread-egg-bread). Cooking was
in sunflower oil at 180 °C at two different times: 3 min and 6 min. Thus there were two
processing factors: number of dips and cooking time, each with two levels; this constituted a
2? factorial design with a total of 4 treatments. Eight individual DFBV’s corresponding to a
single treatment were fried together. Once the frying time was completed they were removed
from the pan and drained of excess oil. Digital photographs of the samples were taken with a
digital camera (Sony DSC-WS55) under controlled illuminating conditions (a closed
illumination cabinet with a D65 emulator illuminant). Immediately after being photographed
the 8 individual DFBV’s corresponding to a single treatment were presented to the 8 trained
assessors on a plastic plate, each receiving a single DFBV. Preparation and evaluation was
done by duplicate in separate sessions, in each session 4 treatments were evaluated. As there
were two evaluation methods: real-life and photograph, each done by duplicate, this meant a
total of 4 sessions. Treatments were allocated randomly to sessions, and within each session
order of evaluation was also randomized. However, all assessors received the treatments in
the same order due to the logistics of the frying procedure.

2.2 Instrumental color measurement

The digital images were processed by DigiFood® software (Heredia et al. 2006). For the
image analysis CIELAB color parameters of each pixel of DFBV samples were considered.

2.3 Sensory evaluation

The evaluations were performed by 8 assessors that had been screened and trained in
descriptive analysis (DA) following the guidelines of the ISO 8586-1 Standard. Three training
sessions were used to develop the vocabulary and agree on a reference sample to calibrate the
panel’s evaluations. The following appearance descriptors with their corresponding anchors
were agreed on: oily (low-high), blisters (few-many), meat coverage (low-high), color of the
border (light-dark), overall color (light-dark), bubbles (few-many), thickness (thin-thick),
light-colored particles (few-many), overall size (small-big).

Assessors evaluated samples in individual booths provided with standardized daylight-type
fluorescent illumination. The real-life product was evaluated on a white plastic plate and the
photographs on the PC screen present in each booth as part of the computerized data
collection system. Each assessor evaluated the photographs of the same samples used for the
real-life evaluation.

2.4 Statistical analysis

Each descriptor was analyzed by analysis of variance (ANOVA) considering assessor as a
random effect and dips (one or two), frying time (3 min or 6 min) and evaluation method
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(real-life and photograph) as fixed effects. General Procrustes analysis (Arnold and Williams
1986) was used to compare the sensory space generated by both evaluation methods.

3. RESULTS AND DISCUSSION

General Procrustes analysis showed that both the real-life and photograph configurations were
close to the consensus, indicating that overall both measurement methods provided similar
results. However there were differences in some of the descriptors.

Figure 1 (a) shows average scores for the 4 treatments for overall color, where agreement
between real-life and photograph evaluations was close. This close agreement was also found
for: meat coverage, color of the border, thickness and overall size; and to a lesser degree for
blisters and bubbles.

Figure 1 (b) shows the average scores for oily appearance, where for the most oily
treatment corresponding to 1 dip - 3 min, the real-life evaluation was higher than for the
photograph evaluation. Further adjustments to the gloss of the photograph have to be made in
order to evaluate if the agreement can be improved. Another descriptor where there were
disagreements was in light-colored particles: for the treatment corresponding to 1 dip- 6 min
the average score for the real-life evaluation was significantly higher than for the photograph
evaluation. Here also adjustments in the photograph calibration are necessary to obtain closer
agreement between evaluation modes.
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Figure 1. Mean scores for sensory evaluations performed on the real-life products and
corresponding photographs: (a) overall color and (b) oily appearance. The bars correspond
to * least significant differences (P < 5%).

Digital images of the DFBV were processed and the average color for the different
treatments was obtained (Table 1). It can be observed that, as expected, the cooking time
induced descents of lightness (average L*) while the number of dips increased it. There were
also differences in hue, being more reddish (lower hy, values) for samples with one-dip and 6-
min cooking times.

Taking into account the chromatic heterogeneity as the percentages of number of pixels
with different hue or lightness ranges, a clear dependence between the cooking time and the
number of “dark” pixels (L* < 50) was found. Also, in a digital image the color variation of
the pixels represents the “chromatic heterogeneity”. Standard deviations (n=2026 pixels)
were considered as an adequate estimation index of this factor. In this sense, the major and
minor chromatic heterogeneity correspond to 1 dip-6 min and 2 dip-3 min samples,
respectively (Figure 3). As observed, the mean value of each set of points indicates a higher
hue value (more yellowish) for the more homogeneous sample.
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Table 1. Mean values and standard deviation (n = 2026 pixels) of the CIELAB color
parameters for each cooking treatment.

Dips ;rl:ll::le) L* a* b* C*ap hap
1 3 56.73+£6.74| 16.33 £3.43| 43.64 £5.01| 46.72 £5.30| 69.65 +4.13
2 3 63.26 +7.31| 15.22 +3.54| 4430+ 5.32| 46.92+5.78 | 71.14 +3.36
1 6 50.81 £7.77| 22.72 £ 3.60| 44.56 + 5.96 | 50.23 +5.62 | 62.86 + 5.09
2 6 59.45+6.98| 17.77+£3.98| 44.73 £ 5.21| 48.23 £ 5.80| 68.44 + 3.69
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Figure 2. Color distribution of pixels and mean color in the major and minor chromatic
heterogeneity DFBV samples.

These instrumental results were in accordance with those given by the sensorial panelists.
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ABSTRACT

The chemical characteristics of grape seeds have been correlated with their colour
characteristics measured by digital image techniques. The study was carried out on red grape
seeds from Tempranillo variety. Digital images of the seeds were taken; then colour as well as
morphological and colorimetric heterogeneity characteristics were determined from them.
The phenolic content of the samples was also determined by High Performance Liquid
Chromatography (HPLC). A high positive correlation was found for catechin and a negative
correlation for protocatechuic acid.

1. INTRODUCTION

Vitis vinifera grapes have the phenolics compounds mainly in solid parts (seeds and skin),
which pass to the wine during fermentation process. Although phenolics are non-coloured
components, they influence the final colour of red wine due to copigmentation reactions with
anthocyans. Copigmentation phenomena consist of non covalent molecular associations
between anthocyanins and other organic compounds such as flavonoids, yielding to changes
or increments of the colour intensity. The composition of the seeds changes along the
maturation until the grapes reach the ripeness, affecting the sensory properties of wine.
Currently, the moment of harvesting is determined based on chemical properties of the grape,
and the phenolic maturation of the seeds are not considered. The chemical changes occurred
during the phenolic maturation induce changes of appearance of the seeds, modifying their
colour (from pale green to dark brown), as well as their shape.

Colorimetry is widely used for evaluating the quality and composition of foods. Digital
image analysis appears as a successful complement since it can be determined not only colour
but also other characteristics such as shape, texture and homogeneity (Zheng et al. 2006,
Savakar et al. 2009). In previous studies we have determined the usefulness of the digital
image analysis to assess the phenolic maturation evolution of the seeds in grapes for
vinification, reaching industrial interest results. it was also studied morphological differences
between varieties with general discriminant analysis models that could classify the grape
seeds with high accuracy (Rodriguez-Pulido et al. 2010). This study goes ahead to a deeper
knowledge of the phenolic composition of the seeds and the relation with their appearance by
applying digitalization techniques.
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2. MATERIALS AND METHODS

2.1 Sampling and physical-chemical analysis

A red grape variety (Tempranillo cv.) grown in vineyards located in Condado de Huelva
(Southwest of Spain) were sampled twice a week from July 20 until the harvest. A gross
sample of 2 Kg was divided into two fractions of 1 Kg. One of these fractions was used for
physicochemical analysis of the must, which determined average weight and average berry
size, pH, sugars and total acidity. In the other fraction a hundred seeds were separated,
cleaned, and images were acquired. Once the images were taken, the seeds were kept frozen
until the HPLC analysis of phenols.

2.2 Image acquisition and image analysis

The DigiEye” imaging system based upon the digital camera Nikon D80 was used. It includes
an illumination box specially designed by VeriVide Ltd. to illuminate the samples
consistently in D65 illuminant and a digital camera connected to a computer (Figure 1).
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Figure 1. The DigiEye System: (1) illumination box, (2) digital camera; (3) computer.

From image analysis, morphology parameters and appearance were obtained as well as
conversion of RGB values to CIELAB coordinates with original software DigiFood” (Heredia
et al. 2006). Segmentation criteria were based on HSI (hue / saturation / intensity) colour
space and morphological features of seeds, such as restrictions of area and size.

The following parameters were considered:

- Length, width and area.

- Aspect: Ratio between major and minor axis of ellipse equivalent to seed.

- Roundness: (perimeter’)/(4 x 7 x area).

- Heterogeneity: Fraction of pixels that deviate more than 10% from the average intensity.
- Browning level: Fraction of pixels having L* value is less than 50 units.

- Mean colour difference from the mean, MCDM (Berns 2000: 75-105):

y3 (7 I P S o

MCDM ="
N
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2.3 Phenolics analysis

For the HPLC phenolics analysis, a modification of the method proposed by Sandhu and Gu
(2010) was applied. 0.5 g of freeze-dried seeds were milled and extracted with 10 mL of
acetone / water / acetic acid (70:29.3:0.3 v/v) solvent. Chromatographic analysis was
performed on an Agilent 1200 series HPLC system equipped with a diode array detector.

3. RESULTS AND DISCUSSION

Once the images were acquired and the criteria of segmentation were applied, all seeds were
recognized by the software (Figure 2).

Figure 2. Image of grape seeds and resulting mask after apply segmentation process.
The appearance and colorimetric parameters were measured in grape seeds by image
analysis. Table 2 shows the CIELAB colorimetric parameters of each stage of maturation. In

the process decreased lightness, chroma and hue, due to the browning of the seed.

Table 2. Colorimetric values for grape seeds during maturation.

Sample Date L* a* b* C*mp  hap

1 Jul 20 57.97 10.08 29.10 31.09 69.65
Jul 23 5497 1036 27.33 29.60 67.70
Jul 27 5597 1124 27.55 2998 67.25
Ago 3 5149 11.17 23.92 26.60 64.24
Ago 6 51.01 11.72 24.05 2695 62.89
Ago 10 5092 12.02 23.74 26.79 62.26
Ago 13 50.15 11.11 21.41 2431 61.58

[c A ENE o N LV, | AVSE )

The phenolic profile of seeds was analyzed. For identification of these compounds
retention times and spectra were compared. The phenolic profile changes during seed
maturation. Although other compounds were identified Table 3 shows those which
concentration changed.

For the study of relationship between chemical composition and colour in seeds, linear and
multiple regression models were applied. As shown in Table 4 not only the quantitative
colorimetric variables correlated with some phenolic compounds, but also the hue (ha),
demonstrating their involvement in browning phenomenon from a qualitative point of view.
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Table 3. Content of phenolics compounds in grape seeds.

Date Protocatechuic acid Catechin
mg/Kg mg/Kg
Jul 20 8 867
Jul 23 8 985
Jul 27 12 674
Ago 3 26 504
Ago 6 20 604
Ago 10 38 443
Ago 13 24 491

Table 4. Correlation matrix between colorimetric and chemical values.
Results in bold are significant at p < 0.05.

L* a¥ b* C* ab hab
protocateuchic acid / mg/Kg -0.82 0.81 -0.78 -0.75 -0.84
catechin / mg/Kg 0.80 -0.83 082 0.80 0.86

4. CONCLUSIONS

Image features (i.e., colour, size and shape) can be extensively applied for seeds maturity
evaluation. The results suggest that image analysis has good potential to be used for colour
and appearance measurements in grape seeds. This technique provides a fast, nondestructive
and low-cost alternative in the winery industry to conventional chemical analysis.
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ABSTRACT

In The Netherlands, veal carcasses are classified on color, conformation and fatness. In the
past 20 years, major efforts have been put into the development of a reliable color
classification system. Initially, the color of the musculus rectus abdominis was visually
matched to a 10-point scale. Later on, the visual classification was replaced by instrumental
classification. A handheld tri-stimulus colorimeter measures XYZ values which are converted
into a color class on the 10-point scale. The algorithms underlying this conversion were
derived from comparison of the measured L*a*b* values with the visually assigned color
classes. At present, the quality and stability of the color measurements have been improved
by new instruments, by using an additional calibration tile and an improved quality control
procedure. Also, a new algorithm was developed to convert XYZ measurements into a color
class. This algorithm is based on the conventional AE color difference metric and was tuned
for optimal performance with respect to historical databases containing visual classifications. In
the future, we expect to further benefit from technological breakthroughs in color measurement.

1. INTRODUCTION

In compliance with EC Directives, in Dutch slaughterhouses veal carcasses are classified on
the basis of three factors: conformation, fatness and color. Of these factors, color has become
an important parameter in the pricing system, involving both farmers and buyers. In the past
20 years, major efforts have been put into the development of a reliable color classification
system. Such a system is necessary to guarantee uniform classification results among different
slaughterhouses in the Netherlands, but also to provide a sound basis for international trading
since the majority of veal meat produced in the Netherlands is exported to other countries. In
this field the Netherlands has a leading position in Europe and third countries.

This paper presents the main issues involved in the development of the color classification
method, discussing both the historical perspective and current state-of-the-art. We also take a
look at future possibilities.

2. PAST: FROM VISUAL TO INSTRUMENTAL COLOR CLASSIFICATION

Initially, the color classification at the different slaughterhouses was performed visually by
certified employees of the Central Office for Slaughter Livestock Services (BV CBS). At 45
minutes post mortem, the color of the musculus rectus abdominis (muscle tissue) was visually
matched to a 10-point scale (Figure 1) ranging from light (1) to dark (10), under prescribed
lighting conditions. The colors of the 10-point scale were determined from analysis of the gamut
in CIELAB color space encompassed by representative variations in veal meat samples.
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Figure 1. Scales used for visual color classification of white (left) and pink (right) veal meat.

As a logical next step, the subjective visual color classification was replaced by objective
instrumental color classification. A handheld tri-stimulus colorimeter (Konica-Minolta
CR300), operated by certified personnel, measures XYZ tristimulus values of the same
muscle tissue (musculus rectus abdominis), which are then converted into a color class on the
10-point scale. The algorithms underlying this conversion were derived from comparison of
the measured L*a*b* values with the visually assigned color classes. Functions derived by
discriminant analysis were applied to calculate the most likely color class belonging to the
measured L*a*b* values, as described in Hulsegge et al. (2001).

3. PRESENT: IMPROVEMENTS IN HARDWARE AND SOFTWARE

Today, the instrumental classification is still in place, albeit in optimized format. To increase the
quality and stability of the color measurements, the instruments have been replaced by newer
versions (Konica-Minolta CR400). Before doing so, several options were considered. A switch
from a tristimulus meter to a spectrophotometer would allow illuminant metamerism to be
considered (Berns 2000), but at the same time it would increase the risk of fouling the integrating
sphere of the spectrophotometer. Also, a larger measurement aperture would minimize the effect
of spatial variations in the meat tissue being measured. However, in order not to lose the
connection with historical databases containing both measurements and visual assessments, and
knowing that sufficient accuracy could be reached using a proper calibration procedure, it was
decided to stick to the same color measurement technique with a tristimulus colorimeter.
After introduction of the new color instruments in the slaughterhouses, the instrument
calibration procedure was improved. Up till then, the daily instrument calibration check
involved verification of XYZ values measured on a white calibration tile. Whenever the
difference between any of the measured X,Y or Z values with the target values exceeded a
given percentage, it was required to inspect the instrument for possible contamination, clean
the instrument and calibration tile and re-measure, or even replace the instrument by a spare
one, if necessary. In the new procedure, an additional calibration tile having a color
representative for veal meat is also measured. This so called user calibration not only is a
direct verification of the proper functioning of the instrument in the target area of color space,
it is also beneficial for maintaining the Inter Instrument Agreement (I1A) between different
instruments (of the same type) at an acceptable level. Differences between measured and
target values are now expressed in the AEq4 color difference metric (CIE 1995), the value of
which lies in one of three categories indicating the instrument’s operational status. The latter
is labeled either code green (instrument OK), code yellow (instrument still OK but may need
attention) or code red (instrument not OK: clean and re-measure). After a year of testing in
practice, the stability and IIA are considered as excellent. The choice for the relatively simple
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AEy4 metric, and not the more recent and complex AEyy (CIE 2001) was motivated by the fact
that the colors of white veal meat are restricted to a limited “reddish” area in CIELAB space
(see Figure 2). Application of the AEy is said to be most helpful in the blue area of color
space and for near-achromatic colors. Also, the equations underlying the computation of AEq
do not support an easy interpretation of visually perceived differences.

T . 1 ! I -

Figure 2. Scatterplots showing the gamut of measured white veal carcass color in CIELAB
color space (n = 113,556).

Finally, a new algorithm was developed to convert measured XYZ values into a color class
along the 10-point scale. The “old” algorithm, using discriminant functions that disregarded
the measured b*-value, did not seem to optimally cover the gamut of veal meat color
anymore. The new algorithm incorporates the same metric as used for the instrument
calibration check, AEo4, for which we now optimized the parameters ki, kc and ky. Ten center
points were selected in CIELAB space that represent the 10 color classes and have a
structured pattern in their mutual spacing. For each color measurement we compute the color
difference between the measured L*, a*, b* values with each of the 10 central points. The
class associated with the central point having the smallest AEq4 is then assigned as the final
color class. The optimization of the parameters ki, kc and ky and the selection of the 10
center points is done with respect to historical databases containing both the classifications of
the previous algorithm and visual classifications. As Figure 3 shows, the distribution of
assigned color classes of the new algorithm closely resembles that of the old algorithm. This
is important from both a technical and a commercial point of view.

4. FUTURE PERSPECTIVE

In the future, we may expect to further benefit from technological breakthroughs in color
measurement. Developments in LED technology offer the possibility to use LEDs as the
internal light source, which are even more stable, energy efficient and have a longer life-time,
and thus may require less calibration efforts.

Operational research can be conducted in the different slaughterhouses to investigate local
factors that may cause differences between slaughterhouses. Differences in conditions like
temperature, humidity, but also transportation and animal stress may lead to unwanted
variations in the measured color, and hence in the assigned color class.
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With the upcoming possibilities of image processing (Du and Sun 2004), camera based,
non-contact color measurement would seem to be the next step. However, this implies that the
color of veal meat should be measured on the outside of the carcass. It is questionable
whether this correlates well enough with the color of the musculus rectus abdominis, which
has been previously suggested as the preferred indicator of veal meat color (Denoyelle and
Berny 1999). In addition, it would require substantial attention to calibrated lighting
conditions in the slaughterhouses. In particular the glossiness of the moist carcasses as well of
the fat coverage are difficult hurdles to pass. It is generally known that non-contact color
measurement is more suitable to assess differences in color then to determine the absolute
color. Perhaps the need for exact (calibrated) lighting may be relaxed by using smart portions
of the wavelength area (Aporta et al. 1996) or by smart calibrations to known color references
(Connolly et al. 1996, Pointer 2000).
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ABSTRACT

The foundations of Colorimetry establish that the measured colours must correspond to the
colour seen by observers. If the correspondence is not good, the response of observers is the
correct one, and the experimental conditions of colour measurement must be revised. Since |
have been measuring food colours, for the last 30 years, I have had a doubt: are food colours
well-measured? Or rather: Do the colour coordinates that have been found in the laboratory
correspond to the food colours seen by customers (or experts)? On numerous occasions, I
have found that the answer is negative.

There are four groups of problems responsible for this. Firstly, official methods to measure
the colour of certain foods are not related to the actual observation methods of expert colour
assessment. Secondly, some authors (and, consequently, referees) do not know the
significance of colour coordinates. On other occasions, authors make a statistical study of
each colour coordinate separately to ascertain the acceptability of results, instead of the three
coordinates together and/or the colour differences. Thirdly, authors use measuring
instruments which are not suitable for the optical properties of the food to be measured,
producing unacceptable results. Finally, if the foods whose colours are to be determined are
not homogeneous (mainly fruits with red and green or orange areas), the methods of
measurement used (one measure of each colour) cannot agree with the results of the panel of
experts. It is necessary to change the measurement method.

1. INTRODUCTION

The foundations of Colorimetry establish that the measured colours must correspond to the
colour seen by observers. If the correspondence is not good, the response of observers is the
correct one, and the experimental conditions of colour measurement must be revised.

Since I have been measuring food colours, for the last 30 years, I have had a doubt: are
food colours well-measured? Or rather: Do the colour coordinates that have been found in the
laboratory correspond to the food colours seen by customers (or experts)? On numerous
occasions, I have found that the answer is negative and I have found four groups of problems
responsible for this.

This talk will discuss these problems, based on, firstly, the cases I have found in the
different kinds of foods whose colour I have measured and, secondly, on those in the
literature I have had to study and discuss with experts in other areas of food technology rather
than in the knowledge of colour and colorimetry.

In this talk, I shall give priority to wine and fruit as I have worked most and have found the
most important problems with them.
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2. FIRST GROUP

Official methods to measure the colour of certain foods are not related to the actual
observation methods of expert colour assessment.

The sensory evaluation of wine is performed in standardised glasses. If we observe the
colour of a red wine in this glass, it is black with reddish tints at the edges. This is why the
expert tilts the glass to observe the colour of different thicknesses of wine, where the blue
tones of young wines can be appreciated. If we perform spectrophotometric measurements of
the light transmitted, we will see that the blue zone of the spectrum disappears as the
pathlength of the cell increases. This disappearance of light transmitted in the blue zone
indicates changes in the colour of the wine. In one example with a Beaujolais Nouveau red
wine which does not have much colour, these colour changes can be appreciated and, after 15
mm of wine thickness, it has values of L* < 21 CIELAB units, colours which are seen as
black by the naked eye.

If the wine has more colour, the blue tones disappear at 10 mm thickness and the
measurement does not correspond to the colour which is observed by the wine-tasters.

The new official method for determining the wine colour (OIV 2006) establishes that the
wine colour must refer to a 10 mm pathlength cell. My work group suggested that the colour
should refer to a 2 mm pathlength cell, due to the violet tones of dark young red wines. But
the proposal was not accepted by some wine experts as they preferred to maintain the same
norm as before because of “tradition”.

However, we decided to keep the 2 mm path length cell for determining the colour of red
and rosé wines in our MSCV program (Simplified Method for Wine Colour), which is
available as freeware on the web (Ayala et al. 2001).

For white wines, we have kept the measurements in 10 mm pathlength cell since at 2 mm
they would be practically colourless.

3. SECOND GROUP

Some authors (and, consequently, referees) do not know the significance of CIELAB colour
coordinates. These coordinates correspond to related colours, and they are always expressed
in function of the reference white (CEI and CIE 1987).

For example, the L* coordinate, that some authors call “luminosity” instead of “lightness”
which is its correct name, and it is defined as: “the brightness of an area judged relative to the
brightness of a similar illuminated area that appears to be white or highly transmitting”.

Some authors misinterpret the a* and b* coordinates as the magnitude of colour red or
green and yellow or blue, respectively, of any colour. This implies that the colour is a
phenomenon of four stimuli (or five, if we included the brightness) rather than three stimuli as
in reality. They don’t bear in mind that the h,, coordinate is a function of the quotient of both,
b* / a* and is related to the colour hue. Furthermore, they don’t take into consideration that
axis + a* (hy, = 0°) corresponds to a red-purple colour, and not to a spectral red colour.

Finally, many authors do not use C* and h,, coordinates, without bearing in mind that
these two coordinates, together with L*, are those which correspond to the visual perception
of related colours: C* coordinate is related to the perceived chroma, which is “the
colourfulness of an area judged relative to the brightness of a similar illuminated area that
appears to be white or highly transmitting”.

The h,, coordinate is related to the perceived hue: red, yellow, green, blue or combinations
of two of these consecutive colours. The spectral reds commence with values of h,, = 30° and
the spectral blues end at h,, = 270°, the rest of the circle being taken up by the purple hues.
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If we want to compare colorimetric results, we must use the colour differences between the
colours measured, such as the first CIELAB colour difference: AE*,,, or one of the later
colour differences derived from this colour space, such as the last CIEDE2000 difference,
recommended by the CIE (CIE 2004).

This lack of knowledge concerning the meaning of the CIELAB colour coordinates and
colour differences led to a problem when performing a comparative study of
spectrophotometric measurements of the colour of wine by the OIV (Office Internationale de
la Vigne et du Vin), in which several laboratories took part.

The colour of a series of red, rosé and white wines was measured and the results were sent
to the coordinating laboratory of the study where the statistical analysis was performed of
each coordinate separately. This analysis showed that all the measurements were within
acceptable deviation if the measurements were made in 10 mm pathlength cells. However,
when I carried out the study of colour differences between the coordinates of samples and
their statistical mean values, there were some colour differences AE* > 3 CIELAB units,
which indicated that they would be distinguished by an observer (Martinez et al. 2001).

I warned the group in charge of the comparative study about this, but they just withdrew
the samples from the study and work continued as before. According to the old adage: “Any
experiment is successful if no more than 50% of the experimental data have to be rejected for
the result to fit the researcher’s favourite theory”.

I should mention that the “bad” samples were of dark red wines. After thinking about this
for a long time, I have reached the conclusion (which I cannot prove) that the problem was
that the spectrophotometric measurements referred to 10 mm pathlength cells are not good in
the blue zones, where the absorbances of the samples is greater.

These measurement errors, together with the different calibration of the instruments cause
the small deviation in each coordinate which, added together when calculating the colour
differences, lead to their being distinguishable to the naked eye. This did not occur with wines
which were not dark (or if the colour of wine was referred to 2 mm pathlength cell).

Finally, I should like to recommend that, when data are analysed, no conclusions should be
made about each coordinate separately when comparing results. What is important are the
colour differences, above all if they are visible to the naked eye.

It is highly likely that in these cases we should value more than ever what a colleague of
mine once said, “There are truths, lies and statistics”.

4. THIRD GROUP

Authors use measuring instruments which are not suitable for the optical properties of the
food to be measured, producing unacceptable results.
According to the classical and the Kubelka-Munk theories (Judd and Wyszecki 1975),
when white light incides from medium 1 on a body (medium 2), various processes may occur.
a) Partial reflection of the light in all wavelengths of the visible spectrum on the first
surface, owing to the change of refraction index between the two media.
b) Transmission of the remaining light to medium 2.
c) Partial absorption of the light in those wavelengths characteristic of the material of
medium 2.
d) If the body is not transparent, the non-absorbed light undergoes scattering inside the
body until it reaches the second surface of the body.
e) Partial reflection on the second surface, analogous to that produced on the first surface
due to refraction index change.
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f) Transmission of the remaining light outside the body (medium 3).

g) The light reflected on the second surface returns inside the body, undergoing the same
processes of absorption and scattering as in sections c¢) and d).

h) Partial reflection on the first surface, analogous to sections a) and e).

1) Transmission to medium 1 of the remaining light in the wavelengths which produce the
characteristic colour of the body. This colour is similar to that corresponding to the
transmitted light in section f). For example, a leaf is green because of transmission and
reflection, even though these may not be the same green.

If the illuminated body is perfectly opaque, there is no light transmitted (lost) on the second
surface and, therefore, the quantity of light which returns to medium 1 is greater than in the
previous case. If the body is not perfectly opaque but is sufficiently thick, light is not
transmitted to medium 3, either. The reflectance of this body is called “reflectivity”. In
normal conditions of natural or artificial illumination, most foods are opaque, and the light
which indicates their colour has no losses on the second surface.

This process is similar to the vision of the colour of paintings or other opaque objects and
most colour measuring instruments are designed to measure opaque objects.

Many colour measuring instruments, such as portable colorimeters and spectro-
colorimeters, use a flash as a system of illumination, which compensates the short period of
illumination with the high power of light emitted. Those of us who have worked with these
devices know that, each time we take measurements, it is necessary to calibrate them with a
perfectly opaque white reference surface. This indicates to the device the maximum quantity
of light it is going to receive and must interpret as white colour.

The problem of this illumination is that it has sufficient power to go through nearly all
samples and loses part of its light through the second surface. The first time I observed this
phenomenon was when I was measuring the colour of veal with a thickness of 2.5 cm. I was
on the computer and my colleague was managing the portable colorimeter with one hand,
while holding the recipient containing the sample with the other. I saw the light of the flash
after it had gone through the sample and the white recipient. The same thing has happened
with other, vegetable, foods.

Obviously, this affects colour measurements since the instrument receives less light than it
should if the food to be measured were opaque as the instrument “supposes” in its calibration.
Consequently, the measurement corresponds to a darker object than what the tested food
really is.

In the case of greens, where the green colour of the leaves or thin stalks is measured,
measurements may give L* values lower than 30, or even 20, units, which means that these
“green” colours are practically “black”.

I have also observed the same problem in the colour measurement of flower (carnations),
where the coordinates measured were much lower that those of the photographs which
accompanied the text.

On other occasions, I find it very difficult to understand the results presented as colour
measurements. The most extraordinary case I have found so far is the colour measurement of
different varieties of peach. One member of my team, a food technologist, showed me this
paper when we were measuring the colour of another variety of peach. He told me that the
measurements did not agree with ours. I looked at the paper and the measurements and I told
him to find me those peaches of blue-white colour, some of which have L* values higher than
100.
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I believe that, behind these results, there are two problems:

a) A poorly calibrated instrument.

b) Corroborating the previous section, the most absolute ignorance of the authors and
referees of the paper regarding the meaning of the CIELAB colour coordinates.

5. FOURTH GROUP

Finally, I should like to talk about the colour measurement of fruits without a homogeneous
colour, mainly because of the ripening process. As is well known, a fruit changes colour
while ripening and this change is usually from green to yellow and then to a lighter or darker
red. The area of the fruit which first turns red is that which is directly facing the sun. When
they are picked, these fruits usually have green and red areas, such as some apples, or yellow
and red, like some peaches.

Some authors (Drake and Elfving 1999, Benavides et al. 2002, Echevarria et al. 2002)
study the post-harvest colour of these fruits by measuring the colour of both areas separately,
but it is clear that the panel of experts who evaluate these fruits cannot appreciate them
separately since they have to give their colour evaluation as a single parameter.

We faced this problem when we had to measure the colour of Fuji apples which have
alternating stripes of red and green. We decided to set up the equipment in such a way that the
apple was spinning while a spectroradiometer measured the reflectance spectrum of one band
all the way round the apple for one complete turn, integrating the result. The spectra obtained
should differ according to the fruits’ areas of red and green.

To verify these results we measured the reflectance spectrum of a completely green area
and that of a completely red area and we calculated the spectra that would be obtained by
adding both spectra in different proportions: 0.9 * red + 0.1 * green; 0.8 * red + 0.2 * green,
successively. The results show that they are similar to the measured spectra of some apples.
This confirmed that the spectra measured on the fruits were a sum of the spectra of the red
and green areas weighted with the areas occupied by each colour.

When we compared our results with the experts’ response we saw that there was a good
correlation between the a* coordinate obtained from the reflectance spectra measured and the
panel’s evaluation of the level of ripeness of the apples (Marquina et al. 2004).

It seems that the panel of experts evaluated the quantity of the red area of the fruit to
establish its level of ripeness and the method of spinning the fruit in front of the
spectroradiometer did something similar.

In the case of measuring fruits of different colours, I would recommend this method, but I
realise that it is impossible with a portable instrument. The use of digital photography to
establish its colour might be able to use this idea, although it should be taken into account that
the image of the fruit will be of just one part and not of the whole fruit.

To end this talk, I would like to suggest that, when they are measuring the CIELAB
coordinates of a food, researchers should use some computer program which is able to
reconstruct the colour on the screen. They should have a clear idea that the colour they are
going to see will only be similar to that indicated by their colour coordinates, unless they have
correctly calibrated the screen response, which is not normal. However, if the colour they see
on the screen is not similar to the one they see on the fruit, something is wrong with the
measurement method and should be corrected: the colour measured by the device should be
the one we observe in the food.
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ABSTRACT

Food represents one of the ways in which a vital activity shared by all animal species
(feeding) is processed and culturally codified, becoming a ritual, and exceeding the status of
natural satisfaction. The own sensualities, the communicational interchanges and the aesthetic
values acquire meaning in front of food, all this being integrated in cultural expressions,
particularl