Food and Humanity 3 (2024) 100363

Contents lists available at ScienceDirect

FOOD
HUMANITY

Food and Humanity

journal homepage: www.editorialmanager.com/foohum/journal_overview.html

ELSEVIER

The detection of organic polymers as contaminants in foodstuffs by means
of the fluorescence decay of their auto fluorescence

a,”

. o e1s . E . b . e

Martin Versen® , Maximilian Wohlschlager °, Heinz Langhals °, Christian Laforsch ©
2 Faculty of Engineering Sciences, Rosenheim Technical University of Applied Sciences, Hochschulstrafie 1, Rosenheim 83024, Germany

b LMU University of Munich, Department Chemistry, Butenandtstr. 13, Munich D-81377, Germany

¢ Animal Ecology I and BayCEER, University Bayreuth, Universititsstrae 30, Bayreuth 95440, Germany

ARTICLE INFO ABSTRACT

Keywords: Products such as food can become contaminated during their manufacture or afterwards. Depending on the type
Fluorescence of substance causing the contamination, these contaminants can be harmful to health and difficult to detect by
Decay constant visible inspection. The suitability of fluorescence decay and FD-FLIM for the detection of plastics contamination
Foodstuff . . . o .

Imaging in foodstuffs is demonstrated. Therefore, a procedure for the detection of contaminating organic polymers

(plastics) in processed meat such as salami by means of the fluorescence decay time of auto fluorescence is
described. The auto fluorescence of processed meat was found to decay according to first order with a typical
time constant of about 2 ns, whereas the time constant of significant polymers for the processing of meat is
generally appreciably higher (2.5 ns — 5.5 ns depending on the polymer). As a consequence, contaminating
organic polymers can not only be globally detected by means of the fluorescence decay but also localised in two-
dimensional imaging. The present study reports a high potential of FD-FLIM for rapidly identifying and differ-
entiating different plastics on and in different foodstuffs. The method allows an improved quality control of

Quality control
Organic polymers

foodstuffs.

1. Introduction

The development of technical organic polymers (plastics) was an
essential improvement for the hygiene of foodstuff, where the necessary
technology was developed for the generally recyclable plastic one-way
packages; one can expect an increasing use of these materials. More-
over, plastics are lightweight, easily mouldable and exhibit favourable
lubricating properties for dynamic components of machines. As a
consequence, plastics are widely used in transport and processing of
foodstuff (DIN Deutsches Institut fiir Normung e. V, 1994). However,
there are also disadvantages of plastics because of possible unwanted
contaminations of foodstuff such as processed meat; they are hardly
detectable after grinding during processing because of the coloury and
structurally similarities of such contaminations with the products.
Contaminations can occur as organic or inorganic materials such as
broken or worn part of processing machines; ferromagnetic materials
such as iron or steel are routinely removed with strong magnets being
also generally useful for paramagnetic contaminants (MESUTRONIC
Geratebau GmbH, 2019); glass or porcelain can be discriminated by
their higher density or by vibration spectroscopy (Mekitec, 2022).
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Nevertheless, the detection of macromolecular organic contaminants is
generally much more difficult because of the similarity to the macro-
molecular processed food. Currently, there are no methods, which allow
an on-site detection and identification of such organic contaminants. A
method for the detection of organic contaminant in processed meat like
the fluorescence decay time measurement would bring-about an
appreciable progress.

The fluorescence decay time can be measured in the time (time-
domain fluorimetry) or frequency domain (frequency-domain fluorim-
etry) (Lakowicz, 2006). The fluorescence decay time, measured in the
time domain with a fluorescence spectrophotometer, can be used as an
identification feature for plastics (Langhals et al., 2014, 2015). Alter-
natively, a measurement of the fluorescence decay time can be carried
out with an FD-FLIM (frequency-domain fluorescence lifetime imaging
microscopy) camera (Chen et al., 2015). It has already been shown that a
detection and identification of plastics on soil, at least down to a size of
70 pym is possible (Wohlschldager et al., 2024b). Furthermore, using
FD-FLIM in combination with a MLP (Multilayer Perceptron) has
proven, that the fluorescence lifetime can be used to identify and
discriminate eleven plastic types, tire wear and ten environmental
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materials (Wohlschlager et al., 2023; Wohlschlager et al., 2024a,
2024b). At the same time, it was shown that the fluorescence decay time
is dependent on the concentration of the dyes in diluted solutions
(Langhals & Schliicker, 2022, 2023). These results also give reason to
expect that the fluorescence lifetime of a layered structure of different
solid matters as salami will change with the composition and the
thicknesses of the layers. Thus, we investigate, for example, if four
different plastic types can be identified on top, in between and below
salami slices, to give a proof of principle that FD-FLIM can be used to
directly detect organic contaminants during food production. Addi-
tionally, we conducted investigations on the fluorescence bleaching of
salami due to prolonged laser exposure.

2. Materials and methods
2.1. Samples

Plastics may be found in processed foodstuff not only from packages
and transport vessels and broken parts of engines, but also caused by
micro plastics from the environment having reached the food chain. As a
consequence, we started first investigations with the detection of the
frequently used plastics polyamide (PA), polyethyleneterephthalate
(PET) and polyvinylchloride (PVC) on slices of poultry salami prepared
and extended to other kinds of salami. Flakes of polymers (1- 2 mm in
size) were placed on the surface; these contaminants can be hardly
visually detected and distinguished from the fatty component of the
poultry salami. For the second investigation, we chose a more
application-oriented use-case. In this context, possible source of
contamination with plastics in processed foodstuff may be the abrasion
or fragmentation of the transport vessels. In Europe, red Euro vessels E2
made from HDPE and mixed with a red colour batch are allowed and
used for the transport of meat in factories; as a consequence, fragments
of such vessels contaminating the produced meat were studied, prefer-
entially in salami from pork and organic beef. Thus, fragments of about
2 mm diameter were placed above, behind and in between the samples
for detection such as between two salami slices. The food samples were
stored at 5 °C in a fridge prior to the investigations. To limit any tem-
perature interference, the food samples were taken out of the fridge,
prepared with the plastics on glass object holders and directly measured
using the described measurement equipment at room temperature of
20 °C and relative humidity of 60 %.

2.2. Measurement equipment

The fluorescence spectrum was measured at 295 nm excitation
wavelength and the fluorescence emission spectrum was measured at
the maximum of the fluorescence spectra of 333 nm with a Varian Cary
Eclipse spectrometer, at a slit width of 2.5 nm. A Laser PhoxX+ 488-100
of Omicron Laserage GmbH with a wavelength of 488 nm and a maximal
intensity of 100 mW was applied for the excitation causing fluorescence.
Time constants of fluorescence decay were obtained from a 2D matrix of
1008 x 1008 channels by means of a camera pco.film from the Excelitas
PCO GmbH. An exact light guidance as well as a mounting for the
camera and the laser diode was realized with a microscope, which also is
20 fold enlarging the region of interest. Additionally, three different
optical filters were used during the investigations. An optical notch filter
was placed in the excitation beam to eliminate any unwanted excitation
light. During the preliminary investigations, detecting PA, PET, and PVC
on top of and below the salami slices an optical longpass filter was used,
i.e., the fluorescence decay behaviour of all emission states was
measured. For the application-oriented investigations, detecting HDPE
from an Euro vessel E2 on top of, and beneath salami, an optical
bandpass filter with a cut-on wavelength of 500 nm and a cut-off
wavelength of 550 nm was used, i.e., the fluorescence decay time of
each emission state in this wavelength region was measured.

To evaluate the FD-FLIM images, the fluorescence lifetimes in the
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images were represented in a histogram of counts n over time t. After-
wards, the fluorescence lifetime histograms were Gaussian analysed (n
= no~exp(-(t-1)2/(202)), resulting in the maxima n,, the fluorescence
lifetimes 7 and the standard deviation o¢. Since in some cases several
maxima were evaluated in the fluorescence spectra and in the fluores-
cence decay time histograms, the maxima have been numbered
consecutively and referenced in the text for a better overview.

3. Results and discussion
3.1. Preliminary investigations

Optical methods for detecting impurities in e.g. processed meat for
salami are attractive because of their uncomplicated, reliable and fast
operation. However, the intense colour of such optically inhomogeneous
products interfere with methods simply using light absorption for
detection. Even integrating spheres (Ulbricht bowls) bring about limited
improvements because of the remaining light absorption; moreover,
some products are stained such as with natural cochenille (carminic acid
CAS registry number RN 1260-17-9). On the other hand, processed meat
exhibits comparably strong auto fluorescence, which is in accordance to
Gatellier et al. (Gatellier et al., 2009); see Fig. 1, 11 for the maximum of
the fluorescence excitation spectrum and 12 for the fluorescence spec-
trum of salami.

Fig. 1 shows the extension of most of the fluorescence in the UV
below 400 nm with a weak extension into the visible causing a bluish
shining if irradiated with a fluorescent lamp. The adjacent fluorescence
excitation spectrum indicates the absorption of the significant chromo-
phores for a fluorescence emission. The fluorescence decays exponen-
tially according to first order where the decay constant can be measured
with high precision and is characteristic for the substrate such as a
fingerprint, here the investigated salami. On the basis of Fig. 1, one
would estimate that an optical excitation at the maximum of the spec-
trum of fluorescence excitation or at slightly shorter wavelengths would
be most appropriate for intense fluorescent signals according to standard
procedures in fluorescence spectroscopy, but this would mean an optical
excitation in the UV below 300 nm where biological materials are
strongly absorbing. As a consequence, the light for optical excitation
cannot penetrate deep into the material. Thus, a more bathochromic
intense laser line at 488 nm is applied and a sufficiently strong fluo-
rescence signal of all tested samples is obtained; obviously, there are
sufficient bathochromically absorbing fluorophores in the samples. All
further investigations are concentrated to this wavelength where
generally also other wavelengths may be suitable. Since time-domain
fluorimetry was used in previous studies, e.g., (Bouchard et al., 2004;
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Fig. 1. Fluorescence (right, solid curve, optical excitation at 295 nm) and
fluorescence excitation spectrum (left, dotted curve, fluorescence at 333 nm) of
commercial salami from mixed pork and beef organic meat.
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Bouchard et al., 2006; Langhals et al., 2015) and thus the fluorescence
lifetimes of processed meat and plastics at a single emission state were
investigated, these measurements are not comparable with those pre-
sented here, as the used experimental setup measures the fluorescence
lifetime over all emission states.

We started the investigations with salami from turkey with high
resolution in time where one observes two maxima of fluorescence
decay time statistically scattering around the maxima 7; and 7o which
can be precisely fitted by two Gaussian functions 21 and 22 with the
parameters: 71 = 2.004 ns, o1 = 0.061 ns, ny; = 36450; 79 = 2.253 ns, 09
= 0.084 ns, n,y = 50025); see Fig. 2. The two Gaussian functions overlay
to a single function for lower resolution in time (0.01 ns). If, for eco-
nomic reasons, all further investigations are carried out with a smaller
but more sufficient resolution of 0.01 ns, a global decay time of 2.26 ns
can be found.

Further batches concern organic salami from beef 31 (r; = 2.60 ns,
o1 = 0.09 ns; ny; = 34,100), see Fig. 3, and pork salami 41 (77 = 2.33 ns,
o1 = 0.093 ns; ny,; = 34,100), see Fig. 4. The colour seem to correlate
with the time constant of decay because of being slightly prolonged from
the rose turkey salami to the red pork salami and further to the dark red
beef salami.

A further more important influence is the dependency of the fluo-
rescence lifetime from the light dose of irradiation causing photo
bleaching of the fluorophores demonstrated with the poultry salami. The
component with longer fluorescence decay becomes more easily
bleached than for the shorter decay constant. This causes a shift of the
averaged time constant to smaller values depending on the light dose;
see Fig. 5.

The photo bleaching can be comparably precisely described ac-
cording to the first order exponential; see Fig. 5 and the linearization in
the inset of Fig. 5. The photo bleaching does not interfere with deter-
mination of the time constant for the characterisation of salami because
a single dose of irradiation is more than sufficient for such de-
terminations and far away from any photochemical process. On the
other hand, this effect may be useful for quality control because
generally, the quality of foodstuff declines with the exposure to sunlight.
Thus, the shortening of the global time constant of the fluorescence
decay can be applied for quality control.

A punctual measurement of the decay time would arbitrarily indicate
a contamination of the salami by organic polymers. As a consequence, a
larger area was tested by means of a two-dimensional method (2D)
where a distribution of time constants of decay was obtained. The auto
fluorescence of salami contaminated with the polymers polyamide (PA),
polyethyleneterephthalate (PET), polyvinylchloride (PVC) and high
density polyethylene (HDPE) was measured in a plane and integrated to
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Fig. 2. Fluorescence decay constants of poultry salami optically excited at
488 nm (thick, solid curve); thin, dashed curve (mainly covered by the exper-
imental decay curve): simulated decay characteristic on the basis of a Gaussian
analysis. Number n of the photomultiplier counts as a function of the time t.
Inset: expanded range between 1 and 3 ns.
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Fig. 3. Fluorescence decay of organic beef salami optically excited at 488 nm
(thick, solid curve); thin, dashed curve: simulated decay characteristic on the
basis of a Gaussian analysis. Number n of the photomultiplier counts as a
function of the time t.
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Fig. 4. Fluorescence decay of pork salami optically excited at 488 nm (thick,
solid curve); thin, dashed curve: simulated decay characteristic on the basis of a
Gaussian analysis. Number n of the photomultiplier counts as a function of the
time t.
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Fig. 5. Dependence of the time constant t of fluorescence on the light dose of
irradiation (points) and approximation according to the first-order (solid
curve). Inset: Linearization according to first order; slope 0.788, intercept
0.238; with a y? goodness-of-fit test value of 1.3-107* for 5 points.
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get a single value for the fluorescence decay.

Firstly, a slice of salami contaminated with hardly visually detectable
polyamide gave a distribution of time constants of the auto fluorescence
when the plane of a slice was analysed in two dimensions (2D); the
components of the obtained constants of decay can be precisely
described by Gaussian functions (the experimental values slightly
depend on the averaging procedure). We have found a characteristic
maximum 64 at 7; = 2.21 ns (67 = 0.075 ns, ny; = 80,000) for the salami
61 and a further maximum 66 for the polyamide 63 as the contaminant:
79 =3.281ns (62 = 0.14ns, nye = 27,900); see Fig. 6. Thus, the
contamination was unambiguously identified. A third, minor intense
maximum 65 at 73 = 2.91 ns (62 = 0.27 ns, nyy = 20,500) was detected
between the decay times of the salami and the polyamide and is a
consequence of the experimental conditions. The time constants of
polymer and salami partially overlap at the border 62 where 65 is
probably a consequence of the convolution of the fluorescence signal of
salami and the polymer.

Salami contaminated at the surface with PVC was analysed in the
same way as the results show in Fig. 7. A characteristic maximum 74 at
71 = 2.62 ns (61 = 0.12 ns, ny1 = 172,000) was found for salami 71 and a
further maximum 76 for the contaminating PVC 73: 75 = 5.42 ns (63 =
0.18 ns, ny; = 60,000); thus, the contamination is unambiguously
indicated. A third maximum 75 was found at 73 = 4.38 ns (65 = 0.18 ns,
ne2 = 18,600) and is probably a consequence of the overlap of both other
signals at the border 72, which was already observed when PA was
under investigation (compare to 65 in Fig. 6).

A contamination of poultry 81 with PET 82 was analysed as a more
difficult example because the time constant of decay for meat and PET
are more similar than for the other examples; see Fig. 8. Still two max-
ima were found, 83 for the salami and 84 for the contaminant PET. The
result of the Gaussian analysis gave 77 = 2.33 ns (67 = 0.074 ns, ny; =
250,000) for 83 and 75 = 2.50 ns (62 = 0.069 ns, nyo = 19,501) for 84.
Thus, the method for detection can be successfully applied even when
the time constants of fluorescence decay of the sample and the
contaminant become more similar.

Moreover, a slice of salami contaminated with polyamide at its lower
surface was optically excited through the salami sample; see Fig. 9.
Optical conditions become much more complicated because of multiple
light scattering and inner filter effects. Nevertheless, the maximum 91
was found where the scattered values could be well-described by a
Gaussian function: 7 = 2.92 ns (¢ = 0.12 ns, n, = 16,950). A contami-
nation could be detected by the shift of the maximum to longer decay
times.

The fluorescence lifetimes of different granular polymer types shown
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Fig. 6. Fluorescence decay of poultry salami contaminated with PA (excitation
at 488 nm). Thick, solid curve: Experimental values, thin, dashed and dotted
curves: Simulated values obtained from a Gaussian analysis.
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Fig. 7. Fluorescence decay of poultry salami contaminated with PVC (excita-
tion at 488 nm); solid thick curve: Experimental values, thin, dashed curve:
Simulated values on the basis of a Gaussian analysis (mostly covered by the
experimental curve).
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Fig. 8. Fluorescence decay of poultry salami contaminated with PET (excita-
tion at 488 nm); solid thick curve: Experimental values, thin, dashed curve:
Simulated values on the basis of a Gaussian analysis (mostly covered by the
experimental values).

in (Wohlschlager et al., 2024a) can not be compared to the fluorescence
lifetimes of the polymer flakes used in these investigations, as (Langhals
et al., 2015) already provided insight that the manufacturing process
impacts the decay time. Nevertheless, the fluorescence lifetimes of
individually measured flakes of PA, PET, and PVC were reported to
7=4.48ns (6 =0.18ns), 7=3.47ns (6 =0.21ns), and 7=9.18 ns
(6 = 0.46 ns), respectively (Wohlschlager et al., 2019). Comparing the
individually measured fluorescence lifetimes of the polymers shows
that, the polymer types are not directly identifiable due to the mixed
fluorescence signals. However, the polymers are detectable due to the
shift in fluorescence lifetime.

3.2. Experimental applications

As the results of our preliminary investigations proofed that the
chosen polymers are detectable on, beneath, and between salami slices,
we conducted application-oriented investigations. Here, the aim was to
identify red HDPE from an Euro vessel on, beneath, and between salami
slices. Worth mentioning is, that ideal polymers without low-lying
chromophores such as PE should not show any fluorescence emission.
Nevertheless, as the used HDPE is a technical polymer, the
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Fig. 9. Fluorescence decay of backward electronically excited poultry salami
contaminated with polyamide (excitation at 488 nm); solid thick curve:
Experimental values, thin, dashed curve: Simulated values on the basis of a
Gaussian analysis (mostly covered by the experimental curve.

manufacturing process causes chain breaks and oxidation products,
which may be the reason that fluorescence can be detected. Further-
more, fluorescence can also be caused by additives such as whiteners,
UV blockers and thermo-stabilizers which are added to the E2 vessel to
improve its durability. Hence, the used E2 vessel should exhibit a
measurable fluorescence signal, which was already shown in
(Wohlschlager et al., 2024b), where the fluorescence lifetime of the red
HDPE was reported as 7 =3.52ns (o = 0.21 ns). The excitation of
organic beef salami containing an added fragment of red HDPE gave
essentially three maxima of decay time; see Fig. 10. The first constant of
decay time 104 7; = 2.465 ns (o7 = 0.09 ns, ny; = 45,900) is attributed
to the salami 101 itself, the second 105 75 = 2.8 ns (62 = 0.14 ns, Ny =
58,000) to a convolute 102 and the third one 106 73 = 3.84 ns (63 =
0.10 ns, ny3 = 18,000) to the HDPE as the material of vessels 103. The
assignment of the third maximum 73 to red HDPE can be confirmed by
comparison with the fluorescence lifetime of red HDPE reported in
(Wohlschlager et al., 2024b). The comparably fewer share of detected
photons with a higher fluorescence lifetime of 106 is caused by the small
dimensions of the fragment not hindering its detection.

Similar results were obtained for the electronic excitation of the
HDPE from the backside through the slice of salami; see Fig. 11. The
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Fig. 10. Fluorescence decay of organic beef salami contaminated with red
batched HDPE (electronic excitation at 488 nm); solid thick curve: Experi-
mental values, thin, dashed curve: Simulated values on the basis of a Gaussian
analysis (mostly covered by the experimental values).
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Fig. 11. Fluorescence decay of organic beef salami contaminated with a frag-
ment of red batched HDPE (excitation at 488 nm); solid thick curve: Experi-
mental values for excitation from the backside, dashed curve: Simulated values
on the basis of a Gaussian analysis (mostly covered by the experimental values).

characteristic time constant of the salami 111 is lacking; however, a
convoluted fluorescence decay time 113 of salami 111 and plastic 112 is
observed: 71 = 2.91 ns (67 = 0.12 ns, ny; = 77,600) and additionally the
time constant 114 of the plastic 112: 75 = 3.72 ns (o3 = 0.13 ns, nyy =
31,500) is measured. Here, the assignment of 75 to red HDPE is also in
accordance to the measured fluorescence lifetime of the material from
(Wohlschlager et al., 2024b).

Finally, a fragment of HDPE was placed between two slices of salami.
Only mixed fluorescence decay constants were observed in Fig. 12 with a
maximum 121 at7; = 3.15 ns (67 = 0.12 ns, ny; = 37,450); this may be a
consequence of the even higher fraction of the salami compared with the
plastic. However, the contamination can be still detected by the pro-
longation of the time constant of fluorescence decay. All three examples
indicate the possibility of clear discrimination between pure and
contaminated salami.

In addition to the investigations with contaminated organic beef
salami and poultry salami, the here described method was extended to
pork salami and finds its full analogy. Similar results to the beef salami
were obtained with a fragment of plastic at the surface; see Fig. 13. A
characteristic maximum 134, for the salami 131 with 7; = 2.36 ns (61 =
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Fig. 12. Fluorescence decay of organic beef salami contaminated with red
batched HDPE between two slices (excitation at 488 nm); solid thick curve:
experimental values, thin, dashed curve. Simulated values on the basis of a
Gaussian analysis (mostly covered by the experimental curve).
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Fig. 13. Fluorescence decay of pork salami contaminated with red batched
HDPE (excitation at 488 nm); solid thick curve: experimental values, thin,
dashed curve: Simulated values on the basis of a Gaussian analysis (mostly
covered by the experimental values).

0.19 ns, ny; = 56,000), a mixed decay 135 73 = 3.2 ns (o2 = 0.40 ns, 1z
= 14,200) from the convoluted signal of the overlapping region 132,
and the fluorescence 136 of the plastic 133 73 = 4.03 ns (63 = 0.08 ns,
ne3 = 20,000) were obtained. In this context, 73 is not directly assignable
to HDPE due to convolving fluorescence signals. However, it is reason-
able to assume that the fluorescence lifetime can be assigned to HDPE
due to its similarity to the reported fluorescence lifetime in
(Wohlschlager et al., 2024b).

An excitation of the salami 141 from the backside gave two maxima
in Fig. 14. Again, the left maximum 143 is characteristic for the salami
141: 71 = 2.44 ns (617 = 0.14 ns, ny; = 43,100) and the right maximum
144 is a mixture of the fluorescence signal of the salami 141 and the
plastic 142: 75 = 2.73 ns (62 = 0.065 ns, nyy = 21,000).

Finally, a plastic fragment was placed between two slices of the pork
salami. The detection is even simpler than with the plastic behind a
single slice; see Fig. 15. This may be a consequence of the back scattering
of light by the second slice. The decay constant 151 is characteristic for
the pork salami: 7; = 2.485 ns (o7 = 0.19 ns, ny,; = 56,000); a second
maximum 152 is caused by the convolution of the overlapping salami
and plastic with 7o = 3.74 ns (62 = 0.22 ns, nyy = 20,600) and a third
decay time which is specific for the red HDPE 153 is: 73 = 3.98 ns (03 =
0.066 ns, n,3 = 20,000). As previously described, 73 is not directly
assignable to HDPE, but it is reasonable due to its similarity to the re-
ported fluorescence lifetime in (Wohlschlager et al., 2024b).

4. Conclusion

Contaminations of plastics in processed meat such as salami of
various sources can be detected by their time constants of fluorescence
where the polymers generally exhibit longer time constants of decay
than the processed meat. An unambiguous identification of contami-
nants is even possible if the constants of decay become more similar
(PET) or if the contaminant is covered by the tested material.

The short time constants of a few nanoseconds allow very fast rates of
processing, where data acquisition is estimated to require about ten time
constants and should allow data processing and the recognition of
contaminants within the short time of 20 until 100 ns; moreover, the
size of the contaminant is of minor importance where grinded plastics
and microplastics can be found as well. This is becoming even more
important because the exponentially increasing environmental pollution
by microplastics is reaching the food chains.
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Fig. 14. Fluorescence decay of pork salami contaminated with a fragment of
red batched HDPE (excitation at 488 nm); solid thick curve: Experimental curve
from backward irradiation, thin, dashed curve: Simulated values on the basis of
a Gaussian analysis (mostly covered by the experimental values).

n 151
60000 J ‘

50000 o

Qasssesessess

222228

40000

30000

20000

10000 4

0 - e .
1 3 tinns 5

Fig. 15. Fluorescence decay of pork salami contaminated with a fragment of
red batched HDPE between two slices of salami (excitation at 488 nm); solid
thick curve: experimental curve from backward irradiation, thin, dashed curve:
Simulated values on the basis of a Gaussian analysis (mostly covered by the
experimental values).
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