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ABSTRACT

A new set of 184 virgin olive oil samples from Italy and Spain has been used to test the
performance of two specific colour scales: BTB and UOCS. In agreement with previous tests, the
UOCS performed about twice as well as did the BTB, the difference between these two scales being
statistically significant (P<0.001), both for Italian and Spanish samples. With respect to UOCS
standards, the oils from the two countries seem to be slightly different (P=0.059 in CIELAB colour
space). Although this fact should be attributed to the wider range covered by the Spanish oil samples
in CIELAB space, further study with a greater number of colour samples seems to be advisable.

1. INTRODUCTION

Colour is generally considered an important property of virgin olive oils, because it is
immediately perceived and strongly influences most customer preferences. The bromthymol blue
(BTB) method'” is the official method for colour specification of virgin olive oils currently used in
Spain, the world leader in production of this product. This method is based on a visual comparison
between an oil sample and a given set of 60 standard solutions (BTB standards), seeking the one most
closely matching the colour of the oil sample.

Different flaws in the BTB method have been reported in the literature™, leading to the recent
proposal of a new colour scale’, called the Uniform Oil Colour Scale (UOCS), because it is based on a
regular thombohedral lattice analogous to the one used by the Uniform Colour Scales of the Optical
Society of America’. Like the BTB method, the UOCS method also proposes a set of 60 colours
(UOCS standards), which are more uniformly and appropriately distributed in colour space than the
previous BTB standards’. These UOCS standards have been developed from a given set of 1700
samples of virgin olive oils, which were extracted in the laboratory of Almazara Experimental del
Instituto de la Grasa (CSIC, Seville, Spain)’ by the Abencor® method®. Using these 1700 samples, it
has been found that UOCS improved BTB, for virgin olive oils from olives with three different stages
of ripeness, eight different varieties, and four harvest seasons, all these improvements being
statistically significant’.

Both BTB and UOCS method provide a useful set of standards for colour classification of
virgin olive oils. This classification can be made by direct visual comparison (under specified visual
conditions), or by colour measurements of oil samples and subsequent search of the nearest standard.
The main goal of the current work is to perform a preliminary test comparing the BTB and UOCS
methods for a new set of virgin olive oil samples different from the 1700 samples’ used in our
previous tests™°, and for the construction of the UOCS standards.

2. METHOD

We have used a new set of 184 samples of virgin olive oil, from two different countries: 86
samples from Italy, and 98 from Spain. All our virgin olive oil samples were filtered, and their
spectral absorbance (380-770 nm, AA=2 nm) was measured using a Hewlett Packard 8452 ultraviolet-
visible light diode array spectrophotometer, with quartz cells of 5 mm pathlength. Measured values
were referred to 10 mm pathlength and used to compute tristimulus values, assuming D65 illuminant
and CIE 1964 Supplementary Standard Observer'’. These tristimulus values were transformed to
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CIELAB assuming an n-hexane solution as reference white. The CIELAB coordinates of the BTB and
UOCS standards were computed using analogous assumptions’.

The CIELAB and DIN99d"' colour differences between each of the 184 oil samples and its
nearest standard from both BTB and UOCS scales were computed. Low values of these colour
differences indicate good performance of the colour scales. We have used DIN99d colour space in the
current work because it is a quite uniform Euclidean space, which was also employed for the
development of UOCS. The colour differences were analysed using nonparametric statistical tests
(Wilcoxon test for related samples, and Mann-Whitney test for unrelated samples) available in SPSS
12.0.1 software'.

3. RESULTS

Figure 1 shows the CIELAB colour 199 "a Spanish .
coordinates of the 184 virgin olive oils used 6 -
in our study, distinguishing Italian and o] i " o
Spanish samples. Although the samples from . - -" ':-;O "rg
the two countries are spread over a similar ‘] " SR Ooioo
region of CIELAB colour space, Figure 1  a* 2- 5 e " aamo " o o2 g@'_g
reveals that the range covered by the Spanish 0 . = "o %@' _8%- & °
samples is slightly wider than the one . 5 Cam ko
corresponding to the Italian ones, in 2] i m PO
particular for the L* and a* coordinates. In 44 s -
addition, it can be noted that the current 184 6 . , . , . , . ,
virgin olive oil samples are within the range 40 00 o 100 120
covered by the 1700 oil samples used for the b
development of UOCS”: -15.0 < a* < 10.0 ; 100
12.0 < b* < 134.6 ; 49.9 < L* < 99.3. The ] =
range covered by the UOCS standards (not o0 ol "o
shown in Figure 1) is: -6.9 < a* < 9.0 ; 24.3 - o p.a0 .
<b*<119.9;755<L*<97.3. : 08;%?-%@ .

Figure 2 shows the colour . 80 o MR OCO;? lﬁ'
differences (average and standard deviation) L " oA N 1
between the set of 184 oil samples used here ] ML
and their nearest BTB and UOCS standards, 704 - L -
both in CIELAB and DIN99d colour spaces. | = Spanish - "
From the average colour difference in
CIELAB units, UOCS performs about 2.2 D O M N S SA
times better than BTB. In CIELAB the a*
standard deviation of the colour differences 100
is 2.8 times higher for BTB than for UOCS. -
These results agree very well with the ones | o mgm - -
reported during the development of UOCS %07 = L LR S =
from 1700 samples virgin olive oils from ] G ‘ig.%'c;go 5@%@.;8 ©
Spain’: In this latter case, the average colour " d e .b%)_g oo $2 -580
differences in CIELAB units indicated that L* °°] o . °a 8??085 .
UOCS performed 2.0 times better than BTB, 1 " = 8
and the standard deviation was 2.2 times 704 - ¥
lower for UOCS than for BTB. From the = -
distances between oil samples and standards, ]
both in CIELAB and in DIN99d space, the 0

Wilcoxon test indicated that UOCS is
statistically significant different than BTB
(P<0.001) for the whole set of 184 oil  Figure 1: CIELAB colour coordinates of the 184 virgin
samples, as well as for the Spanish and Italian  olive oil samples studied, distinguishing Italian (86) and
subsets. Spanish (98) samples.

844



AIC Colour 05 - 10th Congress of the International Colour Association

Colour difference

BTB (CIELAB) UOCS (CIELAB) BTB (DIN99d) UOCS (DIN99d)
Oil Scales and Colour Spaces

Figure 2: Colour differences using CIELAB (left) and DICN99d (right) units, from 184
virgin olive oil samples to their nearest BTB and UOCS standards. Average values are
shown, with standard deviation denoted by error bars.

Figure 3 shows a comparison of the results found for Italian and Spanish virgin olive oils. The
improvement of UOCS upon BTB is again evident for the samples from the two countries. The
average CIELAB and DIN99d colour-differences seem to be quite similar for Italian and Spanish oil
samples. The Mann-Whitney test indicated that, with respect to BTB standards, the difference
between Italian and Spanish oils was not statistically significant (P=0.870 in CIELAB and P=0.740 in
DIN99d). However, with respect to the UOCS standards the Mann-Whitney test indicated stronger
differences between Italian and Spanish oils (P=0.059 in CIELAB and P<0.001 in DIN99d). This last
fact appears to be related to the difference in the distribution of the Italian and Spanish oils shown in
Figure 1, and requires further study.
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Figure 3: Colour differences using CIELAB (left) and DIN99d (right) units, from
oil samples to their nearest BTB and UOCS standards. Italian (86) and Spanish (98)
oil samples are distinguished. Average values are shown, with standard deviation
denoted by error bars.
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4. CONCLUSION

The results shown in this preliminary test are encouraging with respect to the good
performance of the UOCS scale. Currently, additional virgin olive oil samples from different
manufacturers and countries are being collected, in order to study the performance of the UOCS with
a greater number of samples. It is intended that in a next future the UOCS can be proposed for
international adoption in colour specification of virgin olive oils.

Acknowledgements

Research program "Azioni Integrate Italia-Spagna del MIUR 2003, 1T928; Accion Integrada
HI2002-0076, Ministerio de Ciencia y Tecnologia, Espafia” and Research Project FIS2004-05537,
Ministerio de Educacion y Ciencia (Espafia).

References

1. R. Gutiérrez and F. Gutiérrez, “Método rapido para definir y clasificar el color de los aceites de
oliva virgenes,” Grasas Aceites 37, 282-284 (1986).

2. AENOR, Indice de color ABT. Norma UNE 55021 (Asociacién Espafiola de Normalizacion y
Certificacion, Madrid, 1997).

3. M. Melgosa, M. M. Pérez, E. Hita, M. J. Moyano, J. Alba and F. J. Heredia, “Precision and
accuracy in the color specification of virgin olive oils from the Bromthymol Blue Method,” J. Am. Oil
Chem. Soc. 77, 1093-1099 (2000).

4. M. Melgosa, M. M. Pérez, E. Hita, F. J. Heredia, J. Alba and M. J. Moyano, “Reproducibility of the
Bromthymol Blue Standards used for color specification of virgin olive oil,” J. Am. Oil Chem. Soc.
78, 265-270 (2001).

5. M. Melgosa, R. Huertas, E. Hita, J. M. Roa, F. J. Heredia, J. Alba, M. J. Moyano. “Proposal of a
uniform color scale for virgen olive oils,” J. Am. Oil Chem. Soc., 81, 323-329 (2004).

6. D. L. MacAdam, “Uniform color scales,” J. Opt. Soc. Am., 64, 1691-1702 (1974).

7. M. J. Moyano, Estudio del color de aceites de oliva virgenes de Andalucia (Ph. D. Dissertation,
Facultad de Farmacia (Universidad de Sevilla), Instituto de la Grasa (Consejo Superior de
Investigaciones Cientificas), Spain, 2002).

8. J. M. Martinez, E. Muifioz, J. Alba, and A. Lanzon, “Informe sobre utilizacion del analizador de
rendimientos ‘Abencor’,” Grasas Aceites, 26, 379-385 (1975).

9. M. Melgosa, R. Huertas, E. Hita, J. M. Roa, F. J. Heredia, J. Alba, and M. J. Moyano,
“Performance of two color scales for virgin olive oils: Influence of ripeness, variety and harvest
season,” J. Am. Oil Chem. Soc. (to be published in 2005).

10. CIE Publication 15.2. Colorimetry, 2" Edition (CIE Central Bureau, Vienna, 1986).

11. G. Cui, M. R. Luo, B. Rigg, G. Roesler and K. Witt, “Uniform colour spaces based on the DIN99
colour-difference formula,” Color Res. Appl. 27, 282-290 (2002).

12. C. Pérez, Teécnicas Estadisticas con SPSS (Prentice Hall, New Cork, 2001).

846




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


