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Fluorimetric Analyses of Fruit Pigments

Factors Disturbing the Fluorescence Signal

Reflectance spectroscopy has been estab-
lished as an analytical method of assess-
ing fruit ripeness and quality with hand-
held units or in sorting lines. With the
higher sensitivity of fluorescence spec-
troscopy, it is also possible to measure in-
dividual fruit compounds, which only ap-
pear in extremely low quantities. However,
its application in practice is not possible
till now, because the reabsorption and flu-
orescence quenching effects in the com-
plex fruit tissue influence the qualitative
and quantitative analysis of the fluores-
cence signal.

Dr. Janina S. Wulf and PD Dr. habil. Manuela Zude
are scientists at the department , Technik im
Gartenbau” of the Leibniz-Institut fiir Agrartechnik
Potsdam-Bornim e.V., Max-Eyth-Allee 100, 14469
Potsdam;

e-mail: jwulf@ath-potsdam.de

Keywords

Fluorescence, fruit pigments, fluorescence quench-
ing, reflectance

24

Non-destructive methods to improve pro-
cess monitoring became more and
more important in horticulture. Optical me-
thods such as reflectance spectroscopy have
shown to be an adequate tool to evaluate
quantitatively changes of fruit and vegetable
compound contents during ripening on the
plant and post-harvest [1]. They were al-
ready used as hand-held systems or are inte-
grated in sorting lines as fast and non-de-
structive methods to measure fruit and vege-
table internal quality during production and
processing.

Organic and inorganic molecules are able
to absorb light, but only a part of them
posses the ability to re-emit the absorbed
energy as fluorescence [2]. Therefore the
fluorimetric detection is more selective than
the photometric determination of absorb-
ance and reflectance attributes. Moreover,
due to the higher sensitivity, also small a-
mounts of fluorescing compounds can be de-
tected with the help of fluorescence spec-
troscopy. In fruits and vegetables some of the
health-promoting secondary plant com-
pounds (vitamins, phenols) are native flu-
orophores. In contrast, the distinctive chlo-
rophyll fluorescence analysis is used already,
particularly, for the detection of the leaf pho-
tosynthetic activity in the field.

The quantitative analysis of chlorophyll as
well as minor contents of single compounds
in the fruit tissue, based on their fluores-

cence emission, is affected by exogenous pa-
rameters and inter- and intra- molecular in-
teractions. In the present study the reabsorp-
tion und quenching effects on the fluores-
cence signal have been investigated in
standard solutions and on minimally pro-
cessed fruit tissue. The fluorescence emis-
sion spectra were recorded on a spectropho-
tometer (Prototype, SAFAS S.A., Monaco)
in front-face mode using a xenon-flash-lamp
and a photomultiplier for the signal detection
in a wavelength range from 200 to 700 nm.
For the data processing, the fluorescence
spectra were corrected with simultaneously
recorded reflectance spectra, as commonly
applied in practice.

Complexity of influencing factors

Fruits and vegetables contain several auto-
fluorescent molecules such as pigments (e.g.
chlorophyll), vitamins (e.g. riboflavin, toco-
pherol), NADPH, and phenolic substances
(e.g. derivates of cinnamic acids) [3]. The
composition and contents of both, fluores-
cent and non-fluorescent fruit compounds,
are determined by the biotic and abiotic fac-
tors during processing and post-harvest con-
ditions (Fig. I).

Moreover, interactions between the flu-
orescing molecule and the molecules’ envi-
ronment in the fruit tissue and filter effects
lead to variances of the fluorescence excita-
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tion and emission characteristics. When flu-
orescence quenching effects occur, the in-
tensity of the wavelengths specific fluores-
cence does not reflect the actual content of
the fluorophore; the quencher reduces the
fluorescence intensity. Then again, the effec-
tive fluorescence signal of a single molecule
in solution or in the fruit tissue can also be
reduced by its own with increasing concen-
tration. For this reason, the fluorescence
quenching caused by high concentrations of
the fluorophore has been tested in solutions
of the relevant fruit compounds (single phe-
nols). For the natively occurring concentra-
tions of the compounds studied in the fruit
tissue, the fluorescence intensity was linear
with the concentration. From this point of
view, the fluorescence spectroscopy can
therefore be used to non-destructively detect
the natural contents of secondary plant com-
pounds in fruits.

However, in a complex matrix such as fruit
tissues, competing filter effects of the light
absorbing molecules have to be taken into
account when measuring fluorescence spec-
tra. The intensity of the fluorescence emis-
sion is proportional to the excitation light.
When other molecules absorb the light ener-
gy, the fluorescence intensity will be re-
duced. Moreover, emitted photons can also
be absorbed by other molecules before the
fluorescence signal could be detected.

The influence of these reabsorption and
quenching effects can be seen for instance
during browning reactions in sliced apples.
In the present study, the fluorescence emis-
sion spectra were measured on the fruit tis-
sue directly after cutting and during 60 mi-
nutes (Fig. 2) in 2-minutes interval. The flu-
orescence intensity in the blue-green
wavelength range (400 to 550 nm) decreased
due to the reduction of single phenols. At the
same time the reflectance intensity was also
decreasing as a result of the absorption of the
newly built polyphenols, which were respon-
sible for the brown colour of the sliced fruit
tissue, and which reabsorb the fluorescence
of the nutritional valuable phenols. Com-
monly, the real fluorescence emission is cal-
culated when correcting the apparent flu-
orescence signal at each wavelength by di-
viding it with the reflectance intensity. The
corrected fluorescence showed only a slight
decrease of the phenol content compared to
the apparent fluorescence.

In the red wavelength range (around 680
nm) the chlorophyll fluorescence was mea-
sured, which decreased after cutting due to
oxidative reactions. The correction of the
fluorescence signal with the reflectance in-
tensity indicated an underestimated reduc-
tion of the chlorophyll fluorescence. The
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Fig. 2: Fruit fluorescence spectra, diffuse reflectance spectra, and relative fluorescence spectra
measured on the fruit tissue, directly after cutting the apple (0 minutes) and 60 minutes later

newly formed polyphenols compete with the
chlorophylls for the excitation light. Hence,
the apparent fluorescence emission was pro-
portionally reduced. The distinction between
these two phenomena was possible by re-
garding the relative fluorescence signal re-
lated to the simultaneously recorded fruit re-
flectance spectra.

The exemplarily presented influencing ef-
fects on the fluorescence signal detection,
which were accelerated during the browning
reactions, occur also in the complex fruit
matrix and complicate the analysis of the
measured apparent fluorescence signal.

Outlook

The determination of secondary plant com-
pounds and health-promoting substances in
horticultural products using fluorescence
spectroscopy is hindered due to the comple-
xity of the fruit matrix. However, the sensiti-
vity of the measuring method was adequate
to detect the natural occurring compound
contents. With the help of simultaneously re-
corded reflectance spectra or with advanced
multivariate data processing methods it
could be possible in the future to take the re-
absorption and quenching effects into ac-
count for a qualitative and quantitative ana-
lysis of the fluorescence signal. Then, flu-
orescence spectroscopy can be effectively
used for the optimisation of fruits and vege-
tables processing with regard to their nutri-
tional value.
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