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ABSTRACT

An ultraviolet (365 nm) light-emitting diode (UV LED) was used to replace a mercury arc
in both a microscope spectrofluorometer and a fiber optic probe to detect the fluores-
cence of connective tissues in venison meat. Meat samples were from wild Odocoileus
virginianus and farmed Cervus elaphus. Apparatus was tested by measuring the fluo-
rescence emission spectrum of uranyl glass. Connective tissues from the Lumbodorsal
fascia (a major seam of connective tissue over the main muscle of a rib steak) had a
fluorescence emission maximum at 480 nm. The thick fascia of wild venison had a wider
spectrum than that of the thin fascia of farmed venison. The fiber optic probe with a UV
LED gave correct results when tested on the relatively weak connective tissues of farmed
venison. The probe was not sharp enough to penetrate easily through the thick Lum-
bodorsal fascia of wild venison - the fluorescence signal was constant until the needle
tip broke through. Thus, venison may have connective tissues with both strong tensile
strength and strong fluorescence. CIE (Commission Internationale de I'Eclairage) chro-
maticity coordinates were calculated from spectra of visible light through muscle us-
ing different optical pathways. The contributions of Fresnel and Lambertian scattering
to muscle color were identified. Penetration of low wavelengths through muscle was
minimal, so fluorescence peaks may only occur when connective tissues pass an optical
window.

Introduction

There are three major sources of meat toughness - contracted
muscle fibers locked in rigor mortis, lack of post-mortem autolysis
(ageing) and connective tissues [1]. So far, the only source of
toughness predictable by rapid, non-destructive measurements
early enough to sort or grade meat before distribution has been a
fiber optic probe to detect connective tissue fluorescence. To sort
meat before distribution in a commercial environment there is no
possibility of using a destructive method (excised meat samples) or
fragile apparatus. Fortunately, the two dominant connective tissue
proteins causing toughness (elastin and strongly cross-linked
collagen) both fluoresce when illuminated with UV light. Thus, UV
light may be launched into the proximal window of an optical fiber
mounted in a probe, and the fluorescence of connective tissues at
the distal window in the probe may be detected from light passing
back up the optical fiber. The key component is a dichroic mirror
to separate outgoing UV from incoming visible fluorescence. A

major problem with this technology was the difficulty of producing
UV light. Originally this required a mercury arc which had to be
maintained almost vertical, which only lasted a few hundred hours,
and which required a high-voltage start-up circuit. In a typical
commercial environment for the meat industry, this could only be
achieved by having fragile and potentially dangerous parts of the
apparatus isolated from the probe in the meat by optical fibers
and low voltage communication cables. But now it is possible to
generate UV light using diodes which require only a low voltage,

have a long working life, and operate in any orientation.

Venison, meat from several species of deer, is an expanding
market. Venison commands a premium price because of its novel
taste and lack of fat, but its optical properties have not been
extensively investigated. It was an interesting material on which to
testa UV LED.
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Materials and Methods a known emission spectrum from a tungsten source was passed up
to the photomultiplier through a small aperture, allowing responses

of the photomultiplier to various wavelengths to be corrected. This
calibration source was then stopped, and UV light was started to
measure a blank (a glass microscope slide without a sample) to
measure any intrinsic fluorescence in the optical pathway, which
was then subtracted from sample measurements. The system was
tested by measuring the fluorescence emission spectrum of uranyl
glass Figure 2 [3]. The UV LED was also tested in a fiber optic meat
probe Figure 3. Needle penetration measurements were made with
a depth detector similar to that used for measurements in beef [4].
The probe had a 2.3-mm outer-diameter hypodermic needle with
a tip angle of 30° containing a 1-mm diameter plastic optical fiber

(Agilent HFBR).
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Figure 2: Fluorescence emission spectrum of uranyl glass
measured with a UV LED (Nichia NVSU233B).
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Figure 1: Microscope spectrofluorometer. LED (1), shutter

(2), collimating optics (3), dichroic mirror directing
UV down but allowing visible light up (4), microscope | A,
objective (5), sample (6), variable apertures (7), grating U ia )
monochromator (8), stray light filters for monochromator Lt
(9), photomultiplier (10), substage condenser (11), shutter ]
(12), tungsten bulb (13). T -
E'.___.__.' ) S 3
Samples of wild white-tailed deer in Canada (mature - :-}
Odocoileus virginianus) were compared with farmed New Zealand
red deer (immature Cervus elaphus). Samples were refrigerated
at 4°C until measurements were made at approximately 18°C. !_.:::-"
Spectrophotometer measurements were made with a fluorescence :.-I_.-'__."'-'!
microscope using a Zeiss Ultrafluar objective (x6.3, numerical & - .:;.*:’
aperture 0.20) following optimization conditions [2]. A UV LED | = ==
(Nichia NVSU233B, output 365 nm with 3.85 v supply, Tokushima, M E'__ —
Japan) was mounted at the focal point of a Zeiss illuminator with b
quartz optics Figure 1. UV light was directed downwards on to the i Lo . L
i L ) Figure 3: Photomultiplier (1), UV LED (2), dichroic mirror
sample by the dichroic mirror, while fluorescence from the sample (3), optical fiber with distal tip in a hypodermic needle (4),

passed upwards for spectrophotometry. But before fluorescence meat sample (5), and depth detector (6).

measurements could be made, the UV light was shut offand light with
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Results and Discussion
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Figure 4: Fluorescence of the Lumbodorsal fascia in wild
venison (broken line) and farmed venison (solid line).
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Figure 5: Fluorescence probe measurements using a UV
LED through the Longissimus dorsi muscle of farmed
venison showing correct detection of the connective
tissues on the muscle surface (epimysium) and a major
seam of connective tissue within the muscle (perimysium).

Figure 4 shows the fluorescence of the Lumbodorsal fascia
over the Longissimus dorsi muscle (a layer of tough tissue over
the surface of the largest muscle in a rib steak). Both fluorescence
maxima were at 480 nm, but the spectrum for wild venison was
much wider than the spectrum for farmed venison. This may have
been caused by the far greater thickness of the Lumbodorsal fascia
in wild compared with farmed venison. The fluorescence probe was
tested satisfactorily on farmed venison, as shown in Figure 5. When
the probe tip entered the muscle, it detected the epimysium on the
muscle surface. Within the muscle, it detected seams of perimysium
(connective tissue around bundles of muscle fibers). A UV LED can
replace a mercury arc for both fluorescence microscopy and for a
fiber optic probe to predict connective toughness in meat. In the
first case, a UV LED offers great advantages - a long life illuminator

with no problems with high-voltage start-ups, or heat and low-pass
filters. In the second case, however, the use of a safe, robust source of
UV did not avoid some of the other problems involved with UV meat
probes. The basic problem is that meat is an elastic system. When
probed, a fluorescent source (such as epimysium or perimysium,
Figure 5) is not at the same measured depth when the probe first
penetrates a meat sample, as it is when the probe is withdrawn.
This may provide markers to measure the elastic deformation of

the meat, which also contains useful information [5].
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Figure 6: Probe measurements through the Lumbodorsal
fascia of wild venison showing detection of the connective
tissues on the muscle surface (epimysium), which wrapped
around the window of the optical fiber (increasing depth
but no change in fluorescence), until the needle burst
through the epimysium, followed by an elastic rebound.

Similarly, the force required to penetrate a seam of connective
tissue may also be measured with a strain gauge in the system
[6], so that the optical probe doubles as a penetrometer. This
shows that connective tissues wrap around the probe window
- where resistance to penetration is encountered, there is strong
fluorescence [7]. In many measurements made through the
Lumbodorsal fascia of beef carcasses nothing as extreme as
the situation shown in Figure 6 was ever observed. Meanwhile,
cooperation with taste panel researchers in Canada, Denmark,
England and the USA proved that beef tenderness may be predicted
from the fluorescence of connective tissues [8-12]. In Figure 6, once
the probe broke through the Lumbodorsal fascia, there was a marked
drop in fluorescence. This prompts an obvious question, what are
the optical properties of the skeletal muscle underlying the fascia?
Little or nothing is known about them apart from the effects of a high
myoglobin content [13]. The apparatus in Figure 7 was modified
to provide some answers. The UV LED was replaced with visible
light from a tungsten source. The dichroic mirror was replaced by a
prismatic beam splitter.Color measurements made along the grain
of meat (coaxially along the long axes of muscle fibers) differ from
measurements made across the grain of meat (perpendicularly to
the long axes of muscle fibers) [14]. All measurements made here
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were in the latter pathway. At a low pH, myofilaments reduce their
lateral separation, thus increasing the refractive index of their
myofibrils and increasing their lateral reflectance. The effect of pH
on the lateral separation of myofilaments may be detected by both
polarized light microscopy and x-ray diffraction [15,16].
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Figure 7: Optical pathways possible with the apparatus
in Figure 1. Optical pathways are at 45° illumination of
the sample by an optical fiber with vertical photometry
(1), vertical illumination with vertical photometry (2),

the same again but with crossed polars blocking Fresnel
reflectance (3), and transmittance through the sample (4).
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Figure 8: Reflectance spectrum of farmed venison muscle
in pathway 1 (n = 20, error bars are standard deviations).
Reflectance of 5 layers of white Teflon tape = 1.

Lateral illumination at 45° to the muscle surface is similar to the
optical geometry of a colorimeter where any surface gloss is diverted
away from the photometer axis. Thus, in meat, the dominant factor
in the vertical photometer axis becomes subsurface Lambertian
scattering modified by selective absorbance by myoglobin and its
derivatives [17,18]. Figure 8 shows the reflectance spectra of farmed
venison with pathway 1. Note the dimple around 460 nm showing
oxymyoglobin formation [19]. Figure 9 shows the same muscle
strip used for Figure 8 but with pathway 2. The reflectance at low

wavelengths was much higher than with pathway 1, because the
photometer was detecting Fresnel reflectance from the wet sample
surface in addition to subsurface Lambertian scattering from
muscle fibers, myofibrils and myofilaments. The next experiment
was pathway 3, using crossed polars to block Fresnel reflectance
Figure 10. The final experiment was pathway 4 (measuring
transmittance through * 1 mm muscle). From 400 to around 550
nm, almost no light passed through the muscle strip, but from 550
to 700 nm, a highly variable amount of light was transmitted Figure
11. The CIE chromaticity coordinates for the spectra in Figures 8-11
are given in (Table 1).

Wavelangth nm

Figure 9: Reflectance with pathway 2 (n = 20, error bars are
standard deviations).
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Figure 10: Reflectance with Pathway 3 (n = 20, error bars
are standard deviations).

Table 1: CIE chromaticity coordinates for the spectra shown in
Figs 8 to 11.

Copyright@ H ] Swatland | Biomed ] Sci & Tech Res | BJSTR. MS.ID.005749.

Pathway 1 2 3 4
CIE x 0.45+0.05 | 0.25+0.01 | 0.30+0.01 | 0.63+0.03
CIEy 0.35+0.01 | 0.23+0.02 | 0.25+0.01 | 0.31+0.02
CIE Y% 434+217 | 32.68+8.21 | 29.51+4.12 | 0.86+1.20
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Changing from pathway 1 to 2 caused a reduction in CIE x (P <
0.001) which was reduced but still apparent with crossed polars (P
< 0.05). With pathway 4 (transmitted light), there was an increase
in CIE x (P < 0.05). The changes in CIE y from pathway 1 to 2, were
also significant (P < 0.001), and with pathway 3 (crossed polars, P
< 0.001), but for transmitted light in pathway 4 there was not much
change (P> 0.05). The major changes for CIE Y% were from pathway
1 (P < 0.001), to blocking with crossed polars (pathway 3, P <
0.001), and to pathway 4 (transmitted light, P < 0.001). The changes
in CIE Y% were most likely because of differences in path optical
length, from an unknown path length of reflected light resulting
from Fresnel and Lambertian scattering, to an approximate path
length of 1 mm for transmitted light. These changes in chromaticity
coordinates support the hypothesis that light scattering in the
microstructure of muscle has a noticeable effect on colorimetry,
just as it has on a wide range of samples from textiles to museum
artifacts [20]. The data of Table 1 are shown graphically in Figure
12; from pathway 1, to 2, to 3, to 4. In other words, different light
paths through the venison muscle caused profound changes
in its colorimetry. At 1., in Figure 12, this is how a commercial
colorimeter might obtain a measurement with lateral illumination
and vertical photometry to measure the brown color of venison as
an orange hue with low luminosity (CIE % in Table 1). At 2, there
was Fresnel reflectance from the wet surface at low wavelengths to
produce a blue hue. This was partly cancelled by crossed polarizers
at 3. Finally, transmitted light at 4, gave a spectrum with scattering
effects removed. Thus, Lambertian scattering has a noticeable effect
on meat color when measured with an optical geometry similar to
that of a commercial colorimeter.
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Figure 11: Transmittance with pathway 4 (1 = 20, error
bars are standard deviations subtracted from the mean).
Transmittance = 1 was for the apparatus without a sample
in place.
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Figure 12: The CIE diagram for Table 1 data showing
pathways 1 to 4.

Conclusion

The main objective was to test a UV LED in both a microscope
spectrofluorometer and a UV meat probe. Both tests were
completed successfully. In the microscope, heat and low-pass
filters were no longer needed. Johann Ploem introduced dichroic
mirrors to enable epifluorescence measurements [21] and UV
LEDs may enable another advance. The outlook for microscopy is
very optimistic. Novel insights were gained in meat colorimetry,
explaining how UV meat probes might function. The muscle
between connective tissues has very low transmittance of light
at low wavelengths so that when the distal window of the optical
probe contacts connective tissue there is a flash of fluorescence. In
other words, if UV light penetrated muscle to any extent, a UV probe
might detect background levels, not peaks. A UV LED has advanced
meat probe technology. Needed now are NIR diodes launching into
large diameter polarization-preserving fibers to detect contracted

muscle fibers [1].
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