










n -J-ghnical requirements and challenges
Sj.

—&§_ slaughterline environment in terms 
humidity, temperature etc. will 

c°ntinue to be hostile towards elec­
tronic equipment etc. Experience does, 
°wever, already show that these 

Problems can be solved, and that 
s°Phisticated and fragile equipment 
can actually work very well under 
®laughterline conditions, provided 
aat they are sufficiently well pro- 
eoted. Such problems do, however, add 
Substantially to the cost of the basic 
ec3uipment. Robust and simple equipment 
Presents significant advantages.
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A_-SSHTacy and precision of on-line 
ethods must be at high levels not 
°n-*-y to comply with the increasing 
,ecluirements but also to justify 
lnvestments in on-line equipment 
lastead of alternatives (prediction by 
other sources of information, labora- 
°ry methods etc).

|§£roducibility and calibration of on- 
he measuring systems are especially 
P°rtant as commercial use of the 

^esults often implies significant 
^-hancial consequenses. A special 
a a-*-lenge is the high costs often 
s°ciated with calibration and re- 

^rence procedures (e.g. anatomical 
c ^section). The development of simple 
-¿hfation methods presents therefore 

, special challenge for the future 
deValopment.

^ i g nic and safety requirements are 
tli ^enges which significantly reduce 
® number of potential on-line methods 

m the positions of these. Touchless 
0<̂ s will be one way to exclude 

ks of cross-contamination and to 
in sanitation procedures. Built-
®avCleaning or sterilisation equipment 
pu be another possibility where 
eq Slcal contact between carcass and 
Wil^ ent is necessary. Safety demands 

influence the design of equipment, 
mpj.. lncrease the incentive for auto- 
c0plc measuring. For reasons of both 
* * * * *  concerns and costly safety 
(e lrements, some potential methods 
teg®* , ^~ray scanning) may have very 
ip kf^ted areas of application also 

ae future.

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.
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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 is 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
cal, as this affects the possibili­
ties for the on-line application 
itself.

Table 2: Typical time lags between start of measuring/sampling and avaij^ 
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 
interpretation

Lean/fat measurements

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

Ideally, the result should be avali' 
able immediately, i.e. at the measur' 
ing/sampling site itself (in-line 
measuring). Based on our definition ii> 
the introduction, however, application 
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 in 
some industries, this period of 
availability may in some cases be 3s 
low as i-2 hours after killing.

The magnitudes of measuring times fon 
some typical methods are listed 
Table 2:
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future POSSIBILITIES

L i '

e range of different methods and 
evelopments within sensor, information 

analysis technology is overwhelming 
increasing year by year. In this 

Uaper, We will not attempt to list and 
Comment on all theoretical possibi- 
^Uies, but instead give a brief review 
some methods which are either being 

. Vel°Ped, tested or implemented in 
6 meat industry. By doing this, we 

 ̂^ have overlooked some promising 
^sVel°pments - especially as much work 

carried out as confidential pro­
jects.

quality methods

^easurement of carcass quality is the
rea where the use of on-line tech-
J-cgy has progressed earliest and

n thods mainly for pig carcasses are
w applied industrially in many
Entries• Among the potential methodsare;

Manual insertion probes. These 
cUniques are based on the simulta- 
cus recording of a measuring signal 

wu. the probe travelling distance 
J‘e inserting the probe - commonly 

 ̂ ^he form of a measuring pistol- 
the° °ne or more specified sites of 
th‘ Carcass* and thereby recording the 
 ̂cknesses of individual layers of

and fat.“‘eat 

The Q nearliest example is the Danish
sUr'Recorder, which is based on mea-
bet- difference in conductivity
Uusk6en meat’ ^at aad air (Pedersen & 
Pro ’ •'■982) . This method is in the

of being replaced by optical 
-¡̂ ~-~-̂ LBistols. which now are available 
b^s ■‘•f'ferent commercial versions, all 
a d on measuring the reflectance at 
obtC?rta;'-n wavelength specified to 

a contrast between lean and fat
'^Qok et al., 1989).
%
is '““‘Portant aspect of this technique 
Site e election of the optimal probing 
Cap S siving good prediction of the 
littlSs composition, and being as 
as 6 aUfected by dressing procedures

p°ssib le .

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 beef. 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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^hese techniques have not allowed 
f'eir industrial application.

Among the potential techniques for 
AfiSging carcass scanning systems are 
T~scanning (X-ray scanning; Allen & 
^gen, 1984) or NMR-scanning (Nuclear 
]Qflfetic res°nance; Fuller et al. 
?84). Both systems are widely used in 
u®an medicine, and especially the 
lrst method has also been widely 
ested for live animal body and carcass 
easurements.

y optimising these systems and their 
m&ge analysis software, it seems 
Vldent that extremely good results 
^  be obtained by both of the tech- 
ques - probably even more accurately 
an most dissection reference 

®thods. What prohibits the use of 
ese techniques is the costs of these 

^Pes of equipment, and the lack of 
o.^Aopment of commercial systems for 

or applications than humane me- 
^lcine. Also, the use of X-ray scanning 
s y Prove a phsycological barrier to 
s°®e consumers, and the use of NMR 
WihK6ms Presents significant problems 
Ne P sf1Aelding of the magnetic field.
, vertheless, the developments in this
bend of measuring techniques should 
y followed closely in the coming 
thai?S" should not be forgotten, that 
p0^Se scanning techniques also provide 
,)]eriential for meat quality measure-

fo
less expensive non-imaging technique

whole carcass scanning is elec-
i^ ^ S g n e t ic scanning whereby infor-
pp °n °n conductivity and dielectrical 
r'esPerties can be obtained. Early 
6quUltS based on the so-called EMME 
alliPment were dissappointing, especi- 
(p y in terms of reproducibility 
is 6 Sen et si-.1979), and the method 
tein Potentially very dependent on 
H0wPerature snd carcass orientation. 
HocH^er’ trials in progress on a 
t0 . ed equipment TOBEC are reported 

ld promising results in terms of 
content estimation (Forrest et
1988).

^Shanical measurements. Measure- 
® °f conformation and dimensions by 

of mechanically moved systems

al

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 
multispectral information. Both the 
visible and NIR regions are used 
(Barton-Gade, 1989); also fluores­
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
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individual measurements into a one 
probe system. One disadvantage is 
mainly associated with the post-rigor 
development in WHO; 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 (Sdrensen & 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, désinfec­
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

feel familiar with some of these .
Cproblems. (
1d. Other methods. Various forms of v

NMR, X-rays or ultrasonics may well be f 
developed to a stage ready for on' ( 
line applications (Kopp, 1988). The v 
measurement of conductivity in muscle ( 
by probes applied at the slaughterline ; 
has also been found to give some £ 
correlation to WHC (Feldhusen et al.. c 
1987). Other techniques, which are . 
not strictly on-line methods, will be , 
possible to apply as such depending , 
on sampling technique, identification j 
systemts etc. One example of this is c 
the Danish system for automated v 
skatole measurement in entire male n 
pig carcasses where sampling is s 
carried out on the slaughter line and 
the result is available at the chill' - 
ing tunnel before sorting of the car' c 
casses (Mortensen & Sprensen, 1984)> ^
The actual analysis, however, is p 
carried out in an automated laboratory c 
off the slaughterline. c

it
Establishing integrated systems f of  ̂
handling of samples and returning ths s 
results for on-line sorting and  ̂
branding means expanding the range of b 
methods with a number of new possibi' c 
lities, namely those which have to be 
based in some form of laboratory. OnS j 
example could be automated GLC analj^ t 
sis on fat samples for the measurement p 
of fatty acid composition. c

P
Hygienic quality methods c

a
This area can be divided into tw° s 
categories: 1. Chemical residues it' b 
eluding pesticides, drugs, growth t 
promotors, heavy metals, mycotoxins ' m 
and perhaps radioactive isotopes. tti

0
The risk of contamination with theS® c 
compounds will be closely associate^ h 
with the production factors at tb® s 
farm: Feeds, medication, industri#' a 
emissions etc. Direct monitoring ot 
these factors would therefore in maty N 
cases be more cost-effective than on' 1 
line testing of each carcass. On-line m 
testing could of course be applied 011 B
e. g. a sample of the carcasses fr01" 0
each producer. e

I
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n ®ss specific biosensors become 
ailable for some of the compounds in 
estion, on-line sampling in combi­

nation with off-line automated analysis 
a1 1 Probably be the best solution. 
alytical techniques capable of 
eeting a wide range of compounds 
t be required; one interesting 

mbination could be Mass Spectrometry 
s an combination with intelligent 

tware - e.g. Automated Chemical 
inrUCtUre Elucidation Systems - would 

theory cover most of the required 
J ^ t i c a i  range. Other possibilities 
P, ̂  the immunological methods (RIA,

. jn both cases, the application 
toa Poo-fecf batch techniques would be a 
u y to reduce the number of measure- 

ts while retaining guaranteed 
ec i f i c a t io n s .

2
^---Jlicrobiological and parasitic 
^~Siag.inants: either the total number 

the presence of specific pathogens. 
r the general

of

Fo
c°n tE level of microbial 
of ^ination we find that monitoring 
^ critical control points as well as 
^ Qr°biological spot checks for sanita- 

n and process control will be
SuPeriorm . —  to on-line carcass control,
be because the hygiene rarely will 

associated with the individualcarCass and its production, 
theInth n̂e case of specific pathogens
will be a potential need for on- 

Cq measurements provided again that
Pr0hiam ina tion  can 311 is o la te dcar associated with an individual 
and*^88 no cross-contamination),
s6r(̂ that the necessary sampling repre- 
bot,atavity can be guaranteed. Although 
to these problems will be difficult 
papjt°Vercome , the pressure from the 
®ay v? *'°r Pathogen-free meat products 

. e sufficiently massive to force 
chern̂ 116 testing into use. As for the 
hor^ residues monitoring of the
sh0u-| lnstead of the single carcass 
ai}-e a regarded as a feasible

native or supplement.
N° terhr, •line uuique for specific pathogen on-
Ql0>nen^teStinS is available

the closest probably®FISa - techniques or some combination

at the 
being

Of
e raPid microbiological 

turbidometry and
tests as 
impedance

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 in 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 is 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 utilization. This integration 
will not stop at the slaughterhouse 
gate, but will expand to cover pro­
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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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Ln' ĥan, i.F. (1988):
^Oc. 34 th Int. Congr. 

3<i ^echn., Industry Day, 
j i  risbane, Australia.

Meat Sci. 
p. 50-54.




