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Abstract
Consumer expectations of apple fruit quality have been steadily increasing over the last couple of decades. One 
of the main quality attributes affecting product price is colour, determined primarily by the relative amounts 
of pigments chlorophylls, carotenoids, and anthocyanins, which can be measured non-destructively by visible 
spectrophotometry. 
This paper provides a brief overview of studies dealing with the optical pigment-determination of intact apple 
fruits in visible part of electromagnetic spectrum. Firstly ripening-associated pigment changes in apples as well 
as the basics of light interaction and measurements in turbid materials are explained. Subsequently the two most 
appropriate methods for pigment determination of intact apple fruit are presented along with examples. This 
is followed by a discussion of the various reflectance and remittance indices for the qualification, as well as 
quantification, of the main apple pigments. Results are reported regarding studies on the relationships between 
spectral data and derived indices with various destructive quality and ripening parameters. In the conclusion some 
of the main findings reviewed in this paper are outlined and discussed briefly. 
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Introduction
Consumer expectations of quality, defined as 

all those characteristics of the product leading to their 
satisfaction, have been steadily increasing over the last 
couple of decades. One of the main quality attributes 
affecting apple fruit acceptance and price is colour 
(Abbott, 1999; Kays, 1999), determined primarily by the 
relative amounts of pigments which undergo remarkable 
ripening transformations (Knee, 1972; Merzlyak 
et al., 2003). During ripening, the fully functional 
photosynthetic apparatus of the apple fruit (Blanke, 
Lenz, 1989) disassembles, which involves chloro-to-
chromoplast conversions, resulting in a gradual decline of 
chlorophylls content accompanied by the retention, as well 
as accumulation, of significant amounts of carotenoids 
(Knee, 1972; Merzlyak et al., 2003; Solovchenko et al., 
2010) that is reflected in a brightening of the background 
colour. Red cultivars are additionally characterized 
by the accumulation of large amounts of vacuolar 
pigments anthocyanins (Abbott, 1999) responsible for 
the development of blush colour, which has a profound 
influence on the consumer’s choice of purchase due to a 
commonly held belief of positive correlations between a 
red colour and taste (Kays, 1999). 

Because of the aforementioned ripening changes 
and their impact on fruit quality, the amounts of pigments, 
as well as their relative proportions, are important indices 
of physiological characteristics of fruit, and have thus 
been considered for the optimal harvest window, as well 
as quality estimation (Abbott, 1999; Zude-Sasse et al., 
2002; Herold et al., 2005; Solovchenko et al., 2005; 

2010; Zude et al., 2006; Geyer et al., 2007). In order for 
the knowledge of the existing relations between pigments 
and physiological processes occurring in fruits to be 
transferred into practice, nondestructive methods needed 
to be developed (Chen, Nattuvetty, 1980; Merzlyak 
et al., 2003; Herold et al., 2005; Zude et al., 2006). These 
alternatives to expensive and time consuming chemical 
determination of pigments enable continous monitoring 
of individual fruit development thus facilitating data 
interpretation by avoiding the stochastic variability of 
heterogeneous fruit (Herold et al., 2005). 

Pigment and colour analysis of 
intact fruits 
In optically dense or turbid materials, such as 

fruits, only about 4% of incident light is reflected from 
the surface as regular reflection providing gloss. The 
remaining 96% of radiation is transmitted through the 
surface into cellular structures where after interactions 
with different molecules and atoms, photons of specific 
wavelength are absorbed according to their energy levels 
(Butz et al., 2005; Zude et al., 2007). The rest of the 
light is scattered in all directions, eventually radiating 
from the surface in the vicinity (body reflectance) or 
some distance away from the incident light where it is 
recorded by a light detector. Radiation leaving the sample 
has characteristics dependend on the properties of the 
product and the incident light; therefore determining the 
optical characteristics of output light provides valuable 
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information about related quality factors. Within visible 
spectra of electromagnetic radiation, the principle 
absorbing molecules are pigments such as chlorophylls, 
carotenoids, and anthocyanins (Abbott, 1999; Merzlyak 
et al., 2003; Butz et al., 2005). Their accumulation is 
reflected in the spectra as peak widening thus enabling 
not only qualitative but also quantitative determination 
of individual pigments (Zude et al., 2007). 

Three different modes of sample measurements 
are suggested for analysis of colour and other quality 
parameters of intact fruits (Herold et al., 2009). 

In the transmittance mode the light source-
sample-detector is aligned at 180°. The detector measures 
the amount of light transmitted through the total volume 
of tissue within the path of the measuring radiation. The 
main disadvantages of this method are the need for high 
light intensities and relatively small amounts of incident 
light actually reaching the detector (Herold et al., 2009). 
Nevertheless this technique has been successfully 
developed for determining pigment contents of intact 
apples, as well as their maturity and quality. 

In a reflectance mode fieldview of light detector 
only includes the directly illuminated area of the sample 
and records the light reflected from a few millimetres 
under the surface. Both the absorption and the scattering 
properties are responsible for the variation of measured 
spectra, therefore Beer’s Law, which is valid only for 
transparent homogenous material, should be replaced by 
the Kubelka-Munk theory (Herold et al., 2009): 

R = F (R) = (1 − R)²/2R = k/s = Ac/s, 
where R is reflectance from sample with infinite 

thickness, k – absorption coefficient, s – scattering 
coefficient, c – concentration of the absorbing species, 
A – absorbance. 

As it uses diffuse instead of directional light 
for illumination, D/8 geometry is preferred over 45/0 
geometry for measurements of intact fruits (Herold 
et al., 2009). The recorded radiation of integrated sphere 
reflectance mainly consists of specular reflection providing 
gloss and, to a lesser extent radiation that interacts 
with the sample (diffuse reflectance), thus making it 
very susceptible to surface as well as environmental 
changes. This method has been successfully employed 
for determining pigment changes in apple fruit during 
development and under stress conditions (Merzlyak et al., 
2002; 2003; Solovchenko et al., 2005; 2010) as well as for 
apple maturity (Solovchenko et al., 2005; Tijskens et al., 
2009) and quality estimation (Unuk et al., 2008; 2012). 
Recently, reflectance technology combined with novel 
process-oriented modelling has been used to determine the 
effects of biological variance on the colour development 
of different produce (Tijskens, Konopacki, 2003; Tijskens 
et al., 2003; 2009; 2011; Unuk et al., 2008). 

Interactance mode is a compromise between 
transmission and reflectance modes in every one of its 
characteristics. The light source sample-detector angle is 
less than 180° and the detector is shielded from specular 
reflection, hence receives only light remitted from within 
the sample. Effective pathlength of light transmission (i.e. 
depth of light penetration) into the fruit approximately 
equals the distance between the illuminator and the detector 
(Chen, Nattuvetty, 1980) so when measuring the pigment 
contents of intact apple fruits, the distance between them 
needs only be a few millimetres. This method has been 
successfully applied for measurements of different quality 
and maturity attributes in various products (Zude-Sasse 
et al., 2002; Herold et al., 2005; Geyer et al., 2007; Zude 
et al., 2007; Herold et al., 2009). 

In apple fruits, pigments are concentrated in the 
epidermis and associated tissues above parenchyma with 
strong light scattering properties (Butler, Norris, 1960; 
Solovchenko et al., 2010), therefore reflectance and 
interactance seem to be the most useful modes of sample 
measurement in order to evaluate their pigment contents 
(Herold et al., 2009). 

Development of optical techniques for 
determining the pigments of intact fruits for practical 
applications, assumes the spectral properties of pigments 
are species- and variety-independent and remain 
unchanged during ripening, however this is not the case 
(Merzlyak et al., 2003; Herold et al., 2005). The assessment 
of pigments in intact apple fruits is further complicated by 
considerable overlapping of absorption between different 
pigments (Merzlyak et al., 2003; Merzlyak, 2006; Zude 
et al., 2007), as well as by the non-linear relationships of 
pigment content vs. reflectance (Merzlyak et al., 2003; 
Solovchenko et al., 2010) or transmittance (Herold et al., 
2009), and considerable differences among scattering 
characteristics of apple tissues (Zude et al., 2007). 

Spectral signature and indices 
of apple fruit 
Apple ripening is accompanied by characteristic 

changes in spectral recordings within visible spectra. 
With progressive maturity, magnitude of the chlorophyll 
absorption peak of near 680 nm decreases and simultaneous 
backward shift of the red edge, designated as the inflection 
point at the long-wave flank of chlorophyll absorption, 
towards shorter, red wavelenghts of the spectrum occurs 
(McGlone et al., 2002; Zude-Sasse et al., 2002; Herold 
et al., 2005). On the other hand, the intensity of an 
anthocyanin absorbance-peak of near 550 nm increases, 
which is reflected in the spectra as decreasing reflectance 
or transmittance of between 675 (570) and 500 (400) nm, 
as well as a displacement of the green-edge towards longer 
wavelengths (Herold et al., 2005). In anthocyanin-free 
fruit there is retention of low reflectance in the blue region 
of the spectra between 400–520 nm, where reflectance is 
governed by the combined absorption of chlorophylls and 
carotenoids (Solovchenko et al., 2010). 

Width at half height of the absorbance peak is 
an excellent indicator of pigment quantity. Alternatively, 
indices composed of spectral bands showing maximal 
sensitivity to the pigment in question, can be calculated 
from raw spectral data (Merzlyak et al., 2003; Herold 
et al., 2009). The measurement criteria for establishing 
quality indices fall into four groups: 1) single-wavelength 
measurements; 2) difference-measurements – changes in 
the optical measurement at two λ, indicating average slope 
in an area between these two λ; 3) ratio at two λ, example: 
I698/I760 (Zude, 2003) or R675/R760 (Marquina et al., 2004) 
for chlorophylls estimation; 4) any combination of the 
above, example: R800/R550 − R800/R700 for anthocyanin 
estimation, according to Merzlyak et al. (2003). 

A conceptual semi-analytical three-band 
model linking the reciprocal reflectance of apple fruit 
with its pigment content was proposed for reflectance 
measurements in the form: P = (Rλ1

-1 − Rλ2
-1) × Rλ3. This 

model includes reflectance in three wavelength bands (λ1, 
λ2, λ3). Reflectance in the spectral band λ1 is maximally-
sensitive to the pigment of interest but is also affected 
by other pigments and scattering properties of the fruit. 
Reflectance at λ2 eliminates the effects of other pigments 
and is minimally-dependent on the studied pigment of 
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interest, whilst reflectance at λ3 is governed mainly by 
scattering properties and is therefore (in the case of 
apple fruits) always measured at 800 nm (Solovchenko 
et al., 2010). Either reflectance at 640 nm or at 700 nm is 
employed as the reflectance band of maximal sensitivity 
(λ1) because chlorophylls absorbs in the red as well as 
in the green part of the spectra. Thus two algorithms, 
showing high linear correlations with chlorophyll in 
different apple varieties were proposed in the forms CI1 
= (R700

-1 − R800
-1) × R800 and CI2 = (R640

-1 − R800
-1) × R800 

(Merzlyak et al., 2003). Absorption in the green region 
of the spectra is governed by combined absorption of 
chlorophylls and anthocyanins (λ1) so when assessing 
anthocyanin content, it is necessary to eliminate the 
significant effect of chlorophylls, therefore the reflectance 
for λ2 is measured at 700 nm, where chlorophylls are the 
sole absorber (Merzlyak et al., 2003). The anthocyanin 
reflectance index was suggested in the form of ARI = 
(R550

-1 − R700
-1) × R800. Elimination of the chlorophylls 

effects (either in the red or in the green parts of the 
spectrum) on reflectance spectra is also necessary for the 
determination of carotenoids which exhibit maximum 
absorbance near 520 nm (λ1). Two algorithms were 
proposed CRI1 = (R520

-1 − R700
-1) × R800, CRI2 = (R520

-1 − 
R550

-1) × R800. Both correlate linearly to carotenoid content, 
though they are inapplicable to anthocyanin containing 

fruit (Solovchenko et al., 2010). All these algorithms, 
devised from semi analytical 3 band model, sufficiently 
correlate with the pigments of interest and are insensitive 
to the anatomical and morphological characteristics. They 
could therefore be applied to unrelated data (Merzlyak 
et al., 2003), though assessing carotenoid contents in 
red varieties using this approach is, as yet, impossible 
(Merzlyak et al., 2005). 

Besides the abovementioned reflectance 
indices, indexes have also been suggested in the forms 
of IA = (R800/R500 − R800/R700) (Merzlyak et al., 2003), 
IanI = (I630 − I570) / (I630 + I570) (Herold et al., 2009), NBI 
= (R630 − R750) / (R630 + R750) (Geyer et al., 2007) and 
INA = (R760 − R570) / (R760 + R570) (Herold et al., 2005) 
for estimating anthocyanin content, whilst indices for 
chlorophylls determination include, but are not limited 
to, the red edge index designated as the inflection point 
at the longwave-flank of chlorophylls absorption (Herold 
et al., 2009), remittance indexes of chlorophyll decrease 
IchlD = (I750 − I700) / (I750 + I700), as well as Inchl = (R760 
− R695) / (R760 + R695) (Herold et al., 2005; Geyer et al., 
2007), and reflectance indices Ichl = (R800/R700 − 1), R800/
R700 and R800/R640 (Merzlyak et al., 2003). Some of the 
proposed indices are presented in Table 1. 
Table 1. Brief overview of some spectral indices for 

pigment analysis 

Cultivar Acquisition 
mode Spectral index Measured 

pigment Correlation Reference

various interactance OD (740–695) nm chlorophylls R = 0.96 Yeatman, Norris, 1965
‘Idared’

interactance red edge chlorophylls

R = 0.65

Zude-Sasse et al., 2002‘Golden Delicious’ R = 0.80
‘Elstar’ R = 0.57

‘Jonagold’ R = 0.82
‘Boskoop’

interactance red edge chlorophylls
R = 0.98

Zude, Herold, 2002‘Jonagold’ R = 0.97
‘Elstar’ R = 0.99

various reflectance

R800/R678 − 1
chlorophylls

R = 0.92

Merzlyak et al., 2003

R800/R700 – 1 R = 0.94
R800/R640 – 1 R = 0.93

R800/R520 – R800/R550 carotenoids R = 0.83
R800/R520 – R800/R700 R = 0.80
R800/R550 – R800/R700 anthocyanins R > 0.93

PSRI = (R678R500)/R800 carotenoids/
chlorophylls

R = 0.88
PSRI480 = (R678R480)/R800 R = 0.94

‘Elstar’ interactance
red edge

chlorophylls a
R = 0.753

Zude, 2003

I698/I760 R = 0.814
NDVI = (I750 − I705)/(I750 + I705) R = 0.837

‘Jonagold’ interactance
red edge

chlorophylls a
R = 0.703

I698/I760 R = 0.885
NDVI = (I750 − I705)/(I750 + I705) R = 0.827

‘Golden Delicious’ interactance NDVI = (I780I660)/(I780 + I660) chlorophylls R = 0.779 Rutkowski et al., 2008 NAI = (I780I570)/(I780 + I570) R = 0.625
‘Elstar’

interactance IchlD = (I750I700)/(I750 + I700) chlorophylls
R = 0.92

Herold et al., 2009‘Pinova’ R = 0.87
‘Topaz’ R = 0.92

OD – optical density, PSRI – plant senescence reflectance index, NDVI – normalized difference vegetation index, NAI – normalized 
anthocyanin index, IchlD – chlorophyll decrease index, I – interactance at subscribed wavelength, R – reflectance at subscribed 
wavelength

Zude (2003) obtained better harvest maturity 
predictions from remittance readings compared to 
reflectance readings. Because chosen wavelenghts 
for pigment estimations differ considerably between 
reflectance and remission indices, making transferability 

of results of different studies difficult. It has been 
suggested that a clear distinction ought to be made 
between those indices obtained by reflectance and the 
interactance technique (Herold et al., 2005). 
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Relations between spectral data 
and quality parameters 
Obtaining relationships between spectral data 

and standard parameters of quality or maturity is only 
possible to the extent to which those attributes relate 
to the pigment changes inherent in fruit reflectance or 
transmission spectra. It has been proven that chlorophyll 
is linked to quality indices such as soluble solid 
content and firmness, thus its content determined either 
destructively or nondestructively, was often used for 
quality evaluation and to predict the optimal harvest date 
of apples (Zude et al., 2006). In line with these findings, 
Peirs and co-workers (2001) obtained strong correlations 
between spectral data from the visible region and the 
total number of days before the picking date, which in 
turn correlated well with different quality and maturity 
indices, thus ensuring better predictions of optimal 
harvest dates compared to the Streif index (SI). Strong 
correlations were reported to exist between the peak 
absorbance of chlorophylls at 680 nm and the harvest 
date (R = 0.59), background colour (R = 0.74) and the 
starch index SI (R = 0.64) whilst firmness (TMP) and 
soluble solids content (SSC) had somewhat weaker 
correlation coefficients of 0.48 and 0.46, respectively 
(McGlone et al., 2002). Spectral data in the wavelength 
range, governed mainly by chlorophylls absorption were 
additionally found to be linked to sweetness and acidity 
(Watada et al., 1985), as well as with some textural 
attributes such as mealiness, crunchiness (Mehinagic 
et al., 2003), crispness, juiciness, and toughness (Watada 
et al., 1985). These findings only partially agree with 
those reported by Kuckenberg and his co-workers (2008) 
for ‘Golden Delicious’ and ‘Jonagold’ because even 
though chemically determined chlorophylls content was 
linked to titratable acids (TA) (R = 0.52−0.57), SSC 
(R = 0.45−0.46) and SI (R = 0.51−0.76), the correlations 
acquired were considerably weaker compared to those 
obtained between chemically determined chlorophylls 
(R = 0.65−0.77) as well as chlorophylls index NDVI (R = 
0.70−0.71), and fruit firmness. In ‘Golden Delicious’, but 
not ‘Jonagold’, significant correlation was also observed 
between anthocyanin index NAI and firmness, which can 
be explained by taking into account strong correlations 
(R = 0.91) found between NAI and chlorophylls content 
in ‘Golden Delicious’ whilst, mainly due to insignificant 
correlation obtained for the sun exposed part (R = 0.11) of 
the fruit, a weaker one (R = 0.46) was found in ‘Jonagold’. 
The relationship between chlorophylls content and fruit 
firmness was further confirmed by Rutkowski and his 
colleagues (2008) who obtaining better predictions of 
chlorophylls content using the index of anthocyanin 
(NAI) than with NDVI, reported significantly high 
correlations (R = 0.86) between fruit firmness and NAI. 
The latter was also found to correlate well (R = 0.81) 
with TA (Rutkowski et al., 2008). As per Kuckenberg 
et al. (2008) NDVI of both ‘Golden Delicious’ (R = 0.70) 
and ‘Jonagold’ (R = 0.60) strongly correlate with the 
Streif index, whereas correlation coefficients between 
NAI and SI were 0.71 and 0.10 for ‘Golden Delicious’ 
and ‘Jonagold’, respectively. In contrast, only very 
weak correlations between both spectral indices and 
Streif index were reported for ‘Golden Delicious’ by 
Rutkowski et al. (2008), although NAI was strongly 
linked to fruit’s physiological stages based on internal 
ethylene concentration (IEC). A possible reason for this 

inconsistency lies in the subjectivity of starch index 
estimations (Peirs et al., 2002), leading to inaccuracies of 
the calculated Streif index. This is additionally confirmed 
by weak correlations found between NAI and starch 
pattern index (Rutkowski et al., 2008). At first glance the 
results of these studies seem to contradict each other, since 
Rutkowski et al. (2008) claim that the most appropriate 
index for assessing apple fruit maturity is NAI, whereas 
Kuckenberg et al. (2008) believe NDVI is better suited 
for this purpose. Subsequent study has revealed that the 
usefulness of spectral indices for predicting maturity is 
variety-specific, as NAI was a better predictor of ripening 
in ‘Golden Delicious’, while in ‘Goldeniszyk’ better 
predictions were obtained by NDVI (Rutkowski et al., 
2009). Upon further investigation, when considering 
the relationships between pigment contents and spectral 
indices it becomes clear that in all these studies maturity 
as well as quality indices were correlated mainly to 
chlorophylls content. However, chlorophylls content per 
se is not a reliable indicator of apple maturity (McGlone 
et al., 2002; Zude-Sasse et al., 2002). Instead, optically 
determined contents of both chlorophyll and carotenoid 
pigments were proposed and successfully employed 
for this purpose in ‘Antonovka’ apples (Solovchenko 
et al., 2005), whilst PSRI, which highly correlates with 
the chl/car ratio accurately predicts fruit maturity, but is 
inapplicable for anthocyanin containing apples (Merzlyak 
et al., 2003). A brief overview of the relationship between 
the spectral data of the visible spectra and different 
quality and maturity parameters is presented in Table 2. 
Continuous monitoring and evaluations of links amongst 
recorded spectral data and standard parameters of quality 
and maturity are fundamentally important when putting 
nondestructive optical methods into practice. By enhancing 
physiological knowledge, the chances of both influencing 
as well as indirectly measuring such relationships greatly 
increase (Butz et al., 2005). Though pigments are known 
to correlate with the conventional parameters of maturity, 
correlations between the latter and spectral data are often 
insufficient for reliable assessment of quality attributes 
such as SSC, acidity, and fruit firmness (Zude et al., 
2006). Different reasons as to why this phenomena occurs 
were given: the high heterogeneity of apple fruit, the 
subjectivity of starch index assessment (Peirs et al., 2002), 
the application of destructive methods, that inevitably 
lead to uncertainties caused by biological variability 
(Tijskens, Konopacki, 2003; Tijskens et al., 2003; 2009), 
weak correlations between pigments and spectral data 
due to co-pigmentation, differing scattering properties, 
absorption by other components of fruit (Herold et al., 
2009), etc. Insufficiently high correlations can also 
result from interference of different environmental and 
production factors (Abbott, 1999) decoupling pigments 
changes from ethylene dependent ones (Blankenship, 
Dole, 2003). In particular, ignoring differing maturity 
stages between the shaded and sunlit sides of fruit leads 
to poor correlations between pigments and fruit firmness 
(Solovchenko et al., 2005; 2010; Kuckenberg et al., 
2008). Additionally different cultivars might not exhibit 
the same behaviour under identical conditions (Herold 
et al., 2005; Kuckenberg et al., 2008). 

In the light of the findings described in the 
previous paragraph, it is of paramount importance to 
know exactly what is being measured and to realize the 
limitations of indirect measurements (Abbott, 1999). 

Spectrophotometrically determined pigment contents of intact apple fruits and their relations with quality: a review 
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Conclusions
1. Recently, various nondestructive methods, 

including hyperspectral imaging, X-rays, impact and 
acoustics, electronic nose, and different optical methods 
have been developed for quality and ripeness evaluation 
of intact agricultural products (Abbott, 1999; Barcelon 
et al., 1999; Young et al., 1999; Zude et al., 2002; Butz 
et al., 2005). The latter include the spectroscopy in the 
visible region reviewed in this article. 

2. Although the optical properties of intact 
apples are still somewhat unclear, considerable progress 
has been made in this area over the last couple of decades. 
It has been shown that spectroscopy in the visible range 
can be efficiently and reliably used for the identification 
and quantification of main apple-fruit pigments and, 
consequently for determination of its physiological state, 
quality and ripening rate (Knee et al., 1972; Watada et al., 
1985; Zude et al., 2002; 2006; Merzlyak et al., 2003). 

3. However, the reported correlations between 
various quality attributes and spectral data reviewed in 
this article are often weak. One of the main reasons for 
inaccurate predictions of quality using spectral data lies 
in the fact that the mechanism for developing taste as 
one of the most important apple fruit quality components 
has not yet been fully defined on an individual level. 
Instead, only the mean values over several samples or 
batches of products have been used in the majority of 
studies, although the existence of high heterogeneity of 
apple fruit obscuring the occurring reactions and actual 
relations between different quality parameters as well as 
relations between various management practices and taste 
compounds has long been known. As a solution to this 
problem novel, process-oriented fundamental modelling, 
allowing the source of variation present in the product to 

be traced back to its growth conditions and thus possibly 
enabling improvements in production as well as storage 
practices, leading to the production of high quality fruit 
has been proposed by several scientists (De Ketelaere 
et al., 2006; Hertog, 2002; Tijskens, Konopacki, 2003; 
Tijskens et al., 2003). 

4. Further investigations are required for the 
optimization of VIS methods for practical applications and 
once the relationships for different cultivars, geographical 
regions and different weather conditions are being 
accurately predicted, it is expected that technology, with 
its many advantages over standard destructive quality and 
maturity estimation methods, will become more widely 
used. The same can be said for other nondestructive 
techniques and in the future we expect more studies (like 
those from DiNatale et al., 2002) applying data fusion 
of different methods thus enabling better predictions of 
apple quality and maturity. 
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Spektrofotometriškai įvertinto pigmentų kiekio sveikuose 
obuoliuose ir jo ryšio su vaisių kokybe tyrimų apžvalga 

N. Sadar, A. Urbanek-Krajnc, T. Unuk 
Maribor universitetas 

Santrauka 
Jau keletą pastarųjų dešimtmečių vartotojų lūkesčiai dėl obuolių kokybės nuosekliai didėja. Viena svarbiausių 
kokybės savybių, lemianti kainą, yra obuolių spalva. Ją labiausiai lemia santykinis pigmentų chlorofilų, 
karotenoidų ir antocianinų kiekis, kurį nepažeidžiant obuolio galima pamatuoti naudojant spektro matomosios 
dalies spektrofotometriją. 
Straipsnyje pateikta trumpa apžvalga tyrimų, susijusių su optiniu pigmentų nustatymu sveikuose obuoliuose, 
naudojant elektromagnetinio spektro matomąją dalį. Apžvelgiami pigmentų pokyčiai, susiję su obuolių nokimu, 
ir aiškinami šviesos sąveikos su medžiaga pagrindai, matavimus atliekant neskaidrioje medžiagoje. Aptariami du 
tinkamiausi pigmentų nustatymo sveikuose obuoliuose būdai ir pateikiama pavyzdžių. Pateikiama diskusija apie 
įvairius atspindžio ir perdavos rodiklius, naudojamus pagrindinių pigmentų kiekiui bei kokybei nustatyti. Rezultatų 
skyrelyje pateiktos priklausomybės tarp spektro duomenų bei gautų rodiklių ir įvairių kokybės bei nokimo rodiklių. 
Išvadose pristatyti ir trumpai aptarti svarbiausi tyrimų rezultatai. 

Reikšminiai žodžiai: antocianinai, branda, chlorofilas, kokybė, obuoliai, spalva, spektro matomosios dalies 
spektrofotometrija.
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