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TeChnical requirements and challenges

The slaughterline environment in terms
of humidity, temperature etc. will
Continue to be hostile towards elec-
tr'Orlic equipment etc. Experience does,

Owever, already show that these
Problems can be solved, and that
Sophisticated and fragile equipment

€an  actually work very well under
Slaughterline conditions, provided
at they are sufficiently well pro-
tected. Such problems do, however, add
SUbstantially to the cost of the basic
“Quipment. Robust and simple equipment
Presents significant advantages.
%ﬁ%ﬁzggy and precisign of on-line
ods must be at high levels not
°0ly to comply with the increasing
“eQuirements but also to justify
%nVeStments in on-line equipment
;nstEad of alternatives (prediction by
tther sources of information, labora-
Ory methods etc).

BSEEQQgg;bility and calibration of on-
ilne measuring systems are especially
Portant as commercial use of the

“®Sults often implies significant
lhancigl consequenses. A special
asallenge is the high costs often

Sociated with calibration and re-
?FenCe procedures (e.g. anatomical
Ssection). The development of simple

c .
ggli§£§§19g_gethods presents therefore

SPecial challenge for the future
SVelopment .

Hyoi oo
E%g£§ggg_7and safety requirements are
a lenges which significantly reduce

€ number of potential on-line methods
the positions of these. Touchless
Ods will be one way to exclude
S of cross-contamination and to
lify sanitation procedures. Built-
maycleaning or sterilisation equipment
Dhys-be another possibility where
eQUilCal contact between carcass and
Willp?ent is necessary. Safety demands
influence the design of equipment,
increase the incentive for auto-
C measuring. For reasons of both
equgmer concerns and costly safety
(e Tements, some potential methods
Desté- X-ray scanning) may have very
in ., 1Cted areas of application also
€ future.
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Staff training - both for operatives,
maintenance staff, management and
authorities - will in most cases be a
condition for successful application
of on-line instruments. With increas-
ing complexity of equipment, conti-
nuous staff training will be a neces-
sity if the industry is to remain
competitive.

Position on the slaughterline: The
earlier a method can be placed on the
slaughterline, the less will dressing
procedures affect the method, and the
more time will be available before
the result is required. On the other
hand, the earlier the methods are
used, the more difficult will it be to
comply with hygiene rules and to get
access to the sampling or measuring
positions on the carcass. Also, some
of the quality traits are influenced
by post-mortem development and may
therefore not be measurable at early
stages of the dressing and chilling
processes.

The possibility of measurements on
blood or serum samples as an alterna-
tive to measurements on the carcass
may be of special interest, provided
that sufficient correlations can be
found to muscle tissue measurements.
Use of urine or organ samples are
other interesting alternatives. These
possibilities will require improve-
ments to identification systems.

Ideally all carcass on-line measure-
ments and sampling should be carried
out at the same position in the

process - at a "quality measuring
centre" - which could then be op-
timized, manned and equipped for

these special requirements. As regards
sampling techniques, this will also
provide possibilities for integration
between methods in terms of sampling,
sample transport and sample identifi-
cation.

Some of the challenges for the mea-
suring technology will therefore be to
be influenced as little as possible by
dressing procedures, and to be able to
predict the post-mortem development.




Capacity and time requirements. The
killing rate for e.g. pigs now in some
cases exeed 1,000 animals per hour.
The capacity requirement for on-line
equipment 1is therefore increasingly
high.

Capacity will always be expandable by
increasing the number of measuring
units so the problem is mainly associ-
ated with extra cost of equipment and
space at the slaughter line.

The analysis time - i.e. the period
from measuring/sampling until the
result is available - is more criti-

the result should be avali-
able immediately, i.e. at the measur-
ing/sampling site ditself (in-1in€
measuring). Based on our definition iP
the introduction, however, applicatio?
as an on-line sorting method will
often be possible with time lags of
up to 8-16 hours after slaughter:
With increasingly accelerated pro-
cessing and e.g. hot fat trimming iP
some industries, this period of
availability may in some cases be a5
low as %-2 hours after killing.

Ideally,

The magnitudes of measuring times for
some typical methods are listed if

cal, as this affects the possibili- Table 2:
ties for the on-line application
itself.
Table 2: Typical time lags between start of measuring/sampling and avail’
ability of results
Method Time lag Example
On intact carcasses:
Conductivity probe Seconds Fat and lean thicknesses
Optical probes Seconds Carcass and meat quality
Combined probe system Seconds Multiple carcass and meat
quality measurements
Velocity of ultrasound Seconds Lean/fat measurements
Ultrasound scanning Seconds plus Lean/fat measurements
interpretation
Video image analysis Seconds Carcass quality
Electromagnetic scanning Minutes Lean/fat ratio
Biosensors Minutes Residues, pathogens
MR-scanning Minutes Whole body scanning
On samples from carcasses:
Extraction/spectroscopy Minutes Skatole analysis
Mass spectrometry Minutes Residue analysis
ELISA, RIA Hours/days Residues, pathogens
Impedimetric methods Hours Bacterial activity
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FUTURE POSSIBILITIES

The range of different methods and
deVelOpments within sensor, information
and analysis technology is overwhelming
increasing year by year. In this
Saper, we will not attempt to list and
Oment on all theoretical possibi-
O;ties, but instead give a brief review
Some methods which are either being
“SVeloped, tested or implemented in
mae meat industry. By doing this, we
Y have overlooked some promising
-SVelopments - especially as much work

Carried out as confidential pro-
Jectg,

&
drcass quality methods

Ziasﬂrement of carcass quality is the
Hoia where the use of on-line tech-
metigy has progressed earliest and
e Ods mainly for pig carcasses are

¥ applied industrially in many

¢ .
aiuntrles. Among the potential methods
£

a, 5 :
Manual insertion probes. These

®Chniques are based on the simulta-
OUs recording of a measuring signal
Whiy the probe travelling distance
; € inserting the probe - commonly
ing the form of a measuring pistol-
theo One or more specified sites of
- Carcass, and thereby recording the
meiiknesses of individual layers of
and fat.

MF§~ €arliest example is the Danish
Ivrecorder, which is based on mea-
bet;ng the difference in conductivity
Uskeen meat, fat and air (Pedersen &
iy 1982). This method is in the

DOEGSS of being replaced by optical
?H\\Q\E;§£91§, which now are available

1fferent commercial versions, all

ba

S

a ®d on measuring the reflectance at

ob Certain wavelength specified to

(Coaln a contrast between lean and fat
°k et a1., 1989).

An

1 Mportant aspect of this technique
Sit se Selection of the optimal probing
Cape 8lving good prediction of the
littlss composition, and being as
ag .. ° affected by dressing procedures
Possipie,
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The optical probe pistols represent
the World's most wide-spread on-line
carcass measuring system, and the
application of these systems are still
progressing worldwide for pig car-
casses, and has also been introduced
for Dbeef. Internationally, these
systems will undoubtedly present the
main commercial carcass quality method
for some years to come. Further
development is underway in terms of
multiple applicability (combination
with meat quality), in calibration
procedures etc. Developments in terms
of the application of the measuring

results - from merely recording fat
and lean depths to estimation of
carcass composition, sorting of

carcasses and cuts etc., will also
progress both for pig and beef car-
casses.

b. Automatic probe systems. Optical
or other probes may be applied in
automatic systems, providing full
objectivity not only for the measure-
ment but also in selection of the
probing sites. At the same time
automation increases the possibilities
for multiple probing.

The latest development here is the
Danish Classification Centre for pig
carcasses, using 17 probes for each
carcass and thus recording composition
and geometry of the individual main
cuts in each carcass (Comm. Eurp.
Communities, 1988). Coupled directly
to branding and sorting of the in-
dividual cuts, this presents a signi-
ficant step towards producing "meat
by specification". The centre is now
being installed in all Danish export
slaughterlines.

The application of automatic probe
systems in loin pullers and other
production equipment shows the broad
potential of this technique. Other
new developments in optical probe
techniques are mentioned above.

c. Ultrasonic techniques. Ultrasonic

techniques offer a wide range of mea-
suring possibilities of which only
few have so far been applied in the
meat industry. A list of the different
tecniques is given in Table 3:
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thege techniques have not allowed
€ir industrial application.
AmOHg the potential techniques for

é%ﬁgigg carcass scanning systems are

“Scanning (X-ray scanning; Allen &
angen, 1984) or NMR-scanning (Nuclear
resonance; Fuller et al.
Both systems are widely used in
Ulan medicine, and especially the
‘st method has also been widely
tested for live animal body and carcass
Teasurements .

By Optimising these systems and their
1m§ge analysis software, it seems
SVident that extremely good results
g?n be obtained by both of the tech-
tEQUeS - probably even more accurately
&n  most dissection reference
"ethods. What prohibits the use of
©Se techniques is the costs of these
YPes of equipment, and the lack of
SVelopment of commercial systems for
. applications than humane me-
iCine. Also, the use of X-ray scanning
9 prove a phsycological barrier to
nge consumers, and the use of NMR
Wiitems presents significant problems
h shielding of the magnetic field.
SVertheless, the developments in this
b;nd of measuring techniques should
" followed closely in the coming
theFS. It should not be forgotten, that
S€ scanning techniques also provide

p r
motentlal for meat quality measure-
Sntg,

A
fOleSS expensive non-imaging technique
T whole carcass scanning is elec-

have been applied for pigs (SKG-
system; Branscheid and Schack, 1988)
and for beef (COLAVAUG system; anon.

1985)). Also, mechanical sensing is
used as a guiding system for probe
positioning in the Danish Pig Carcass
Classification system. It may be that
future developments will favour
touchless non-moving sensing systems
such as VIA over moving mechanical
parts as associated with these tech-
niques. Simple mechanical systems
does, however, often provide good
pratical alternatives to more sophis-
ticated equipment.

Meat quality methods

In contrast to carcass quality several
meat quality traits can be signifi-
cantly influenced by both slaughtering
procedures and by the whole post-
mortem production technology including
chilling, ageing and processing. This
represents a significant challenge
for on-line measuring techniques, but
it also means in some cases that on-
line measurement can be worthless.

a. Optical measurements of various
meat quality aspects seems to be the
area where the main developments are
on their way. Many of these take
advantage of the developments in
carcass grading probes. However, the
use of such instruments may be ex-
panded to other quality aspects by
selecting various wavelengths over
the entire spectrum and by combining

§§%$§82§§19 scanning whereby
rolon on conductivity and dielectrical
beSﬁir‘tles can be obtained.
Squg ts based on the so-called EMME
aly Dmept were dissappointing, especi-
(ang in terms of reproducibility
1 €en et al.,1979), and the method
- Potentially very dependent on
HOwgePature and carcass orientation.
Odiz?r. trials in progress on a
tg ..+ed equipment TOBEC are reported
le. *€1d promising results in terms of
al Content estimation (Forrest et

*» 1988) .

i
mmlMeChanical measurements. Measure-
means Of conformation and dimensions by

Of mechanically moved systems
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multispectral information. Both the
infor- visible and NIR regions are used
(Barton-Gade, 1989); also fluores-
Early cence is used by some researchers

(Swatland, 1987). Fibre optics are
used in some probes - in others the
optical components are placed direct-
ly in the probe tip.

Development and research with optical
probe systems are now carried out at
least in relation to WHC water
holding capacity), meat pigment
content, protein content, fat colour,
intramuscular fat content and connec-
tive tissue properties.

The use of optical probes provides
good possibilities for combining




one
is
mainly associated with the post-rigor

measurements 1into a
One disadvantage

individual
probe system.

development in WHC; this cannot be
predicted sufficiently precisely by
optical probes on the slaughterline,
but can be determined some hours later.

b. Mechanical measurements. As most of
the variation in e.g. beef tenderness
is associated with electrostimulation,
chilling rates and ageing time, on-
line measurement of tenderness at the
slaugtherline will have limited value.
In spite of many years' intensive
research no industrial method has yet
been introduced. We believe that on-
line measuring here should be exchanged
with process control of chilling and
ageing, and sorting after maturity
indicators (Sgrensen & Buchter, 1985).
Fat hardness could perhaps be a candi-
date for on-line mechanical measurement
(Davey, 1988).

c. Biosensors may be used to overcome
the problem with measurements of WHC at
the slaughterline by measuring small
metabolite concentrations predicting
ultimate pH or PSE conditions.
Biosensors are combined systems of
biological receptors (e.g. enzymatic,
immunological, bacterial) and trans-
ducers (e.g. potentiometric, ampero-
metric, optical, acoustic, thermal or
mechanical) providing a measurable
electronic signal (Schaertel & Firsten-
berg-Eden, 1988). Sensors for the
measurement of glucose profiles in
meat are already being tested (Kress-
Rogers et al., 1988).

New developments for measuring e.g.
compounds associated with flavour could
probably originate from some of these
technologies yielding theoretically
excellent combinations of specificity,
sensitivity and speed at a low cost
(Turner, 1986). One should, however,
not forget some potential problems for
application of biosensor probes at the
slaughter line: Durability, desinfec-
tion procedures, calibration etc.
(Schaertel & Firstenberg-Eden, 1988).
People with experience in the problems
associated with reliability of pH-
measurements in the meat industry may
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feel familiar with some of these
problems.
d. Other methods. Various forms of

NMR, X-rays or ultrasonics may well be
developed to a stage ready for on-
line applications (Kopp, 1988). The
measurement of conductivity in muscle
by probes applied at the slaughterliné
has also been found to give som€
correlation to WHC (Feldhusen et al.,
1987). Other techniques, which are
not strictly on-line methods, will bé
possible to apply as such depending
on sampling technique, identificatiop
systemts etc. One example of this iS

the Danish system for automated
skatole measurement in entire male
pig carcasses where sampling i

carried out on the slaughter line and
the result is available at the chill-
ing tunnel before sorting of the car-
casses (Mortensen & Sgrensen, 1984):
The actual analysis, however, i8
carried out in an automated laboratory
off the slaughterline.

Establishing integrated systems fof
handling of samples and returning th€
results for on-line sorting and
branding means expanding the range of
methods with a number of new possibi®
lities, namely those which have to b€
based in some form of laboratory. On€
example could be automated GLC analy”
sis on fat samples for the measuremen?
of fatty acid composition.

Hygienic quality methods

This area can be divided into tw¢
categories: 1. Chemical residues in’
cluding pesticides, drugs, growtb
promotors, heavy metals, mycotoxins 1
and perhaps radioactive isotopes.

The risk of contamination with thes®
compounds will be closely associaté
with the production factors at th¢
farm: Feeds, medication, industrial
emissions etc. Direct monitoring ©
these factors would therefore in many
cases be more cost-effective than on”
line testing of each carcass. On-1in¢
testing could of course be applied of
e.g. a sample of the carcasses fro?
each producer.
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gnl?SS specific biosensors become
Vailable for some of the compounds in
g:i?tion. on-line sampling in combi-
Wilion with off-line automated analysis

Probably be the best solution.

Nalytical techniques capable of
wiiecting a wide range of compounds
1 be required; one interesting

COIflbination could be Mass Spectrometry
SO;Eh in combination with intelligent
o ware - e.g. Automated Chemical
. "UCture Elucidation Systems - would
theory cover most of the required
aPZIYtical range. Other possibilities
EL7g the immunological methods (RIA,
of A). In both cases, the application
5 Pooled batch techniques would be a
Y to reduce the number of measure-

2§2t§' while retaining guaranteed
Cifications.
iéntM%Crobiological and parasitic
8;7§?B£§§E§i either the total number
o € presence of specific pathogens.
cont tbe general level of microbial
o a@lﬁation we find that monitoring
HliCsr‘l_tlcal.contr‘ol points as well as
tiOnoblOloglcal spot checks for sanita-
Supe _and proces§ control will be
mainilor to on-line carcass control,
Y because the hygiene rarely will
arcaSSOCiated with the individual
aSs and its production.

In the

case of specific athogens
Ebere wil . . g

1 be a potential need for on-
€ measurements provided again that
Dbobi‘mination can be an isolated
Qabcaem a§sociated with an indiv%dual
ang tﬁs (i.e. no cross-contamination),
rltatf‘it.the necessary sampling repre-
bot 1vity can be guaranteed. Although
to Othese problems will be difficult
markezePCome, the pressure from the
gy, for pathogen-free meat products
on- ie sufficiently massive to force
me'ne testing into use. As for the
1C§1 residues monitoring of the
Shoyy Instead of the single carcass
altep, Pe regarded as a feasible
ative or supplement.
No
lintechniQue for specific pathogen on-
Nopg tteSting is available at the
ELISA-’ the closest probably being
of t?Chniques or some combination
8Pid microbiological tests as

e
8
turbidometry and impedance
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methods. Applied for specific patho-
gens, however, these methods will not
yield results until 12-48 hours after
sampling. For thricinae control,
however, an industrial ELISA-method
is now being introduced (Oliver et

al., 1985).

The possible development of specific

biosensors may also in this area
provide the theoretically ideal
solution. Applied directly at the

source of contamination - e.g. at the
gut content of each carcass - specific
biosensors for pathogens may be a new
on-line possibility din the future.
Applied even before slaughter - e.g.
in the rectum while the animals are
kept in the lairage - also the risk
of cross-contamination could theoreti-
cally be minimized.

The on-line measurement of hygienic
quality is the most problematic in
terms of analytical techniques, but
is at the same time probably the area
of greatest future concern.

Data processing of results

As a common aspect of all methods,
the increasing availability of new
data processing methods will increase
the utilization of measurements and
will facilitate their introduction,
maintenance and developments.

Included in the possibilities are
transformation of measuring signals
(e.g. Fourier transformation), inter-
pretation procedures (e.g. Partial
Least Squares or Principal Component
Analysis), and artificial intelligence
systems (e.g. Neural Networks). These
methods may especially increase the
possibility for deducting extra levels
of information from simple and robust
sensor and transducer systems.

Another aspect 1is the increased
technical possibility associated with
modern data communication systems
facilitating integration and optimal
allocation of many different measuring
systems and the different areas of
data wutilization. This integration
will not stop at the slaughterhouse
gate, but will expand to cover pro-




ducers, customers, authorities, breed-
ing societies, feed-mills etc. An
integrated approach to quality improve-
ments will also in this way become a
more visible possibility in the coming
years.
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