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The Danish pigmeat industry, with an annual production of 16 million pigs, has for a number of years

8
»mpl
Oyeq
& quality strategy as the main basis for retaining its competitiveness in the world markets.

8 :

n .
ng 8in Components in this strategy have been a continuous improvement in the quality of Danish slaughterpigs
e .

Xtensive use of measuring equipment and computer technology for control and sorting of the raw materials.

Sy

Peme
Yy Nt and selection of raw materials become an important basis for trading based on quality rather than on
Uy

Ss
ang Prices.
T,
)
YT ’
l%d Cision to aquire an ability to supply high quality products tailored to individual customer requirements
N
0
g demands for the future production management systems, particularly in the areas of planning, coordination
lOgistiCS
The

Ty 4 : - : - % :
m% W material cost dominates the direct production costs. It is therefore the major task for production

8o
Nepn
N £ to utilise the raw materials in the best possible way, and at the same time to satisfy the customers'

Ry
! T, 3 Te€ceiving products of the required quality at the correct time and place.
Q
Sﬂeqdcurrent possibilities in the Danish pork industry are illustrated, based on the equipment for measurement,
anaon and product control in use today. Future possibilities e.g. for further application of information
%%Pwlogy and for quality management based on certification according to ISO 9002 are indicated on the basis of

de
Velopment projects in Denmark.
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0D i
3%;\\\\QQI£QNI The Danish pigmeat industry, with an annual production of 16 million pigs, has for a number of

8

n OI:fmployed a quality strategy as the main basis for retaining its competitiveness in the world markets. The main
%dpi&ws in thig strategy have been a continuous improvement in the quality of slaughterpigs based on breeding
Mb%vz management progress combined with an extensive use of measuring equipment and information technology for
ONtrol in the Danish meat industry.
m%a&mill 8ttempt to outline the requirements and problems such a strategy gives for the practical production
Itment in the industry. The Danish solutions to some of the problems will be illustrated with examples.
bmme:ét be emphasised that this description is related exclusively to the Danish model in its handling of general
m%t ‘on maﬂagement and factory floor control. The solutions selected for practical production management problems

Wa s .
¥S be designed to provide effective support for an industry's main strategies.

ESUl
ts T L -
g &nd examples from this description should therefore not uncritically be transferred to productions which

| ng
| Suh ! . .
Q%p UbJeCt to the same main strategy. A meat company using volume production and cost reduction as its main
0t
l s
1y :
KWQH = Strategies should, for example, be managed in a way which in many aspects differs from the examples
m& . * Some of the higher level management tasks will, however, be similar but it is important to be aware of
iy
" ltations
AIN i
ST
s RATEGYi The main, long term strategy for the Danish meat industry can be expressed as follows:
Tq

be a8ble to supply products which closely satisfy each customer's varying requirements to quality,
QUan .

Thy ity ang delivery time.

8

Sty
s Ategy is the main method used in order to fulfil the industry's main objective:

0 s
achleVe maximum profitability from the conversion of slaughterpigs into meat and meat products.
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The strategy is often mentioned as "meat according to specifications" and the most important key words

if

I,
strategy are quality and flexibility. The strategy can be illustrated by using the simple model of the Selllng
shown in figure 1.

Figure 1: Selling chain (simplified)
¢
- o - nsuﬂl
Produces Slaughter Processing > Retaiilor >Co
house plant

i

The Danish meat industry sells the majority of the production as tailormade, boneless pork cuts i

0
: : . : i ch 8~

international meat processing industry. These raw materials are converted to processed meat products which

o
nc*
ndeé
g tE :

4
; . . ’ : . cts:
= The consumer is generally becoming more demanding and requires exact information about food prod i

in retail shops to the consumers. The strategy of the Danish pork industry is supported by the followin

g t
consumer demand goes back via the retailers and processing industry and leads to a requlremen

slaughterhouses of well defined raw material supplies produced to tight tolerances. 0
Cturedl,
- The meat processing industry, which is the main customer of the slaughterhouses, is being re-stru '

y

g b
. . : 3 i 8te

large companies as a result of amalgamations. The European market is expected to become domiP o

e
: e . _ hou®
handful of large meat processing companies in a few years. Increased requirements to slaughter

uniform raw materials and for quality assurance are natural consequences of this development- o

il : ‘ : ent
= Denmark has a long tradition for a close collaboration as a result of the co-operative mover o)
19

collaboration covers both the primary production and the development of sophisticated equipment forlﬁg
U
the meat industry. As a result the Danish pig population is uniform with respect to important :
0
parameters, and advanced measuring and analysis equipment has been installed in Danish 513“‘ghterr
These conditions are important as basis for a realisation of the strategy aimed at supplying "me
to specifications".
We will in the following illustrate the consequences and challenges this strategy imposes on slav

management with special emphasis on general production management.

. pro
PRODUCTION MANAGEMENT: When production management in slaughterhouse operations is compared with

b
¢ impor

. s ; . : o]
management in a traditional production company e.g. a machine manufacturing factory a number

differences can be seen.

o
= The Danish pig producers have a contractual relation with their slaughterhouse and as a result

i : . e
slaughterhouse must accept all pigs supplied by its members. Therefore the company canno i
; . ies
quantity and quality of the pigs it purchases to the current market situation. In other compant

function will normally be controlled by the sales situation. o0

. resP
; : 4 ; i th 4
= The raw materials for a slaughterhouse will always have a natural biological variation W% ¥

té
. 3 ) one?
important quality characteristics. Other companies can normally purchase materials and comp

S
4 . rhov
required quality and can at delivery inspect the supply for any quality faults. The slaught€

measure some of the quality parameters until rather late in the process. gﬁw

8
8 : Uch 19
= The traditional production company normally performs an assembly process. The planning 1P P

: : ) "W . . ith
is often reversed, starting with the finished product and working backwards in the procesS$ o

1 Ughte
g : . . A " . slé

analysis of the order. This results in parts lists, stock consumption, machine times etc- A

the W

. - z : - 2 : . . 0 1

receives one raw material (i.e. live pigs) and this raw material is separated (opposite ¢ W&

- sh€
inish
process) into many different products. The traditional reverse planning method based on the f1
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the?efore cannot be used in slaughterhouses.

In o traditional factory one order is only rarely related to other orders. An important factor in production
manﬁ%&ment is to allocate the required production resources for each order to ensure that the required
de1iVer‘y time can be maintained and that the production equipment is utilised in a rational manner. The
Production plans are normally Gant diagrams showing the timing and machine time consumption for each order.
SlaUghterhouses have a combined production - a decision to produce a specific product results in a
SimUltaneous production of a given quantity of a number of other products.

Sim :
o Ple comparisons given above between slaughterhouse operations and operations in other production plants
t

at . .
[N Production management in slaughterhouses is more complex. The main strategy calls for flexibility and well

8
g ntd quallty characteristics on the sales side. The purchase side (input) is, however, inflexible due to the
©
Yy, Olled Quantitites and unknown and varying quality. Production management systems must bridge the gap between
Hﬂt Tial Supply and sales/marketing.
\sgiig: Value added in a slaughterhouse (typical figures)

Administration 1%
Sales + distribution 3%

R

Ay matepi Depreciation + financing 5%

als 75% > Sales 100% ———— >

Various indirect costs 6%
Packaging 2%
Direct wages 8%

slm
Ple ¢
O f\l“ahcial model for a pig slaughterhouse which can contribute to a clarification of some important areas

{

o
Uct 4
hﬁ ion hanagement is shown in figure 2. This model shows the added value contributed by the main functions

. Qugy
M%Qt ter‘hOLlse. It is characteristic for slaughterhouse operations that the raw material cost dominates the
°°Sts (
%Q 75%). As a comparison the direct wages are only approx. 8%.

a g,
%%cm del can be used to compare the consequence of various actions. Let us assume that e.g. a supply of more
Sp

8 S
Mwuc Peclflc products results in a 1% higher sales price or that this gain could be achieved by marketing
ty
i f‘ i . . Y
twmu 2 hlghev quality. If the same net gain should be realised e.g. as a result of labour rationalisation
q
b equj .
th_ Quire approx. 12% reduction in the labour force to achieve the same effect. The model can thus assist
3¢

tin X
g€ the areas where the most effective action could be achieved. Compared to other industries the raw

S .
Asi tin the meat industry is very high in relation to the total costs.
1y ; ey 2
%Mﬂe fant tagk for the production management will therefore be to ensure optimum raw material utilisation
q
wlth

4 ; T
%ht effective quality assurance in a close collaboration with the sales and marketing activities. The

& Ssup y

iy ance is in principle superior to the economic optimisation. The production management must not
Sn

: qu&lit g s Tt -
hh Y requirements for a short term financial gain.

%ﬁ

Umv

CkngUHd means that the main tasks for the production management are concerned with product control and
%nﬁcl e the Plant. Product control is here defined as all the actions which ensure that the raw materials are
N the Production according to production plans ensuring optimum use of raw materials and fulfilment of
. .requirement

tlon of on-line measuring equipment and selection systems thus become important tools and necessary

Teng
n
S £
OF the realisation of the main strategy.
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ON-LINE MEASURING TECHNOLOGY: A successful use of the quality strategy outlined above is dependent OP &

Stit: T}le

g

! ' . L ) . . o . rd
of measuring methods which can provide objective information about composition and other quality charact®

: fur
of slaughter animals, carcasses and meat raw materials in time for application in the management of the

processing stages. e
. " . . jon I
There are possibilities for such on-line measurements in the complete chain from conception to conSUmpt g
andlinz
i

J
slaughter proces is, however, at an important junction between the primary production and the further h

: . . : e ion
processing of the meat. Carcass measurements therefore provide a potential for a systematic utilisatio g
cal0
. 5 ; 2 . S - x ’ jel
results both in animal production and in meat handling with a view to improve product quality. y ¥

0
»Qr\'
productivity. On-line measuring techniques for quality traits which can be measured in c&rcasses

slaughterline have therefore received the main attention. #
o0 |

. . . : : sy . ‘ a1l PZREl
The hostile environment in a slaughterhouse with high humidity and varying temperatures gives SP901al i
< IR

ou?
e.g. for electronic equipment. The design of measuring equipment for industrial application in a slaughterh
: ’ ) jgion®’
ensure that the equipment is robust enough to produce accurate and reliable results under these condit? Ml .

81 M
o7 (AN S
Quality of meat. Quality of meat cannot be described adequately by a single property and the optimé g

di\/i & th@
g . . ; . - . be

level is viewed differently by different users. For practical purposes the description of quality can

into three main headings: &

= Carcass quality covers the total lean meat content and the distribution of fat and lean meat !

: ; . - s
and cuts. The carcass geometry e.g. expressed as weight, dimensions and shape of the major cut

N

feature of carcass quality. Mﬁd
(

- : . fat:
- Meat quality includes the sensoric, technological and nutritional properties of muscles and

structure (PSE/DFD characteristics) is important for appearance and eating quality. : P
el
g . ‘ i ; atho8”
- Hygienic quality covers wholesomeness and safety aspects - particularly contamination with P A ﬁ”‘ i

e
the potential presence of unwanted residues e.g. antibiotics and other drugs, growth promotofs' e g

e : ! ac
heavy metals and mycotoxins. The influence of bacteria on keepability is also an important £

hygienic quality.
7 meﬂtal {4
Ethical aspects are subject to an increasing emphasis by some consumers and by the media. Enviro™ @ﬁ

neadi®® | t,

in animal production and animal welfare are examples of what could be listed as a fourth quality CB&”
!
: T iect ¥
factors normally cannot be measured in carcasses or finished products and are therefore not subjé ‘
4 N

measurements. ﬁ&

casg 4

) Al 19

Current measuring methods and future possibilities. Objective measurements have been used for cé ﬂwn'
and 0| U

: , . . : T f

in Denmark for more than fifty years. With the accelerating developments in measuring technique, sensO re”

g |
eVen r? 0
technology in recent years a wide range of methods have been established in the meat industry and S

wh §
%
under consideration in order to satisfy the growing need for rapid measurement of quality parameters
i ﬁp
0 8
mainly review methods which are in use or are expected to become relevant in Denmark. ceﬁ 4 \
10 41
: i . o ! ’ o P #
Carcass quality methods. Objective classification of carcasses as basis for graduated payment Y 1@%
Che {
S : A L ! : for ¢V
for trade classification is the area where on-line measurements have been applied industrially e&ﬂ ;
hé A
’ : : . " : ; ent o
period of time. In the European Community objective grading of pig carcasses based on lean meat cont esb !
. Cafca yis lnt
been made compulsory and requirements to the accuracy of determination of lean meat content in pig il

s
been given in EC regulation 2967/85. The equation used to estimate the lean meat content must b€ o3 ﬂtﬂh

; o
of at least 120 carcasses which are representatitve for the pigs slaughtered in each regio?
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CQSSeS

N DMust be dissected using a nationally approved method which can be compared to the official EC method.

$q
Sterp; - o
t Tination coefficient (R2) must be at least 0.64 and the residual standard deviation (RSD) must be lower

2,50,
" 30%. This development has accelerated the development of objective pig carcass classification equipment for
8

Doty .
10 small and larger slaughterhouses.
ng
tﬁ 1975 all pigs in Denmark have been classified with the MFA-system (automatic meat and fat measurement). In
Syst,
hy € an operative placed a probe measuring electrical conductivity in three positions of each carcass. The
S

Pagqg.
[N adl“gs of depth of fat and one measurement of the thickness of the eye muschle (longissimus dorsi muscle)
L]

Q%Q%EG into 4 microcomputer and combined with the carcass weight to calculate the total lean meat content in the

%ihtS.The reliability of the prediction of carcass composition by manual probe measurements is affected by the
nuy °f the operative to use the same position and angle of probe insertion in all carcasses.

%, ® hag been one of the reasons for the development of the fully automatic classification centre for pig

\I‘Q
%
Y

by
lﬁti()ns

Which is now in use in all Danish pig slaughterhouses. This equipment is independent of operative

%W and can classify both the complete carcass and the major cuts (hind leg, loin, belly and fore-end). The
Prg,
Dt oo
the Will also brand the carcasses automatically with EC health certificates and grade marks. The capacity of
Ctng .
€ 1s 360 carcasses per hour.
Inth

e
sht farly stages of the development project a range of possible measuring methods for the new classification
( Sp
m% € evaluated. For hygiene reasons, methods which employed scanning (e.g. NMR, ultrasound and CT scanning)

Qxa_m g

N 1 ; : - -

%%1 Neq closely. The requirements to robustness in the slaughterhouse environment and to measuring speed
ted .
in . .

0 the selection of a system using probes.

ty

§

%L Probes are therefore used for the thickness measurements in the classification centre. A light emitter
8

ip 5
%QE °f the 6 mm diameter probe sends light into the meat or fat, and a light receiver records the amount of
Ctg,

) 18ht ag the probe is withdrawn. The reflection value is recorded four times per mm of movement. Computers

the
asgj e 2 A -
Sification centre will automatically calculate thicknesses and meat contents.
Figure 3: Schematic plan of pig carcass clas-
m, sification centre
8
e i 2
m%bu OPtical probe is used in the Danish Fat-o-Meat'er
g
%%t- “hich is used for manual carcass grading in many
Y Hleg all a5 s PO
%%l Over the world. The Fat-o-Meat'er is also used for *
a8g5 pu -7\ /4
an‘3t SlflCation of carcasses which for one reason or
el‘,\ 1

-anng OUT-slation i]
hw 8o through the centre.
0 mech&nic P ) ' Branding D
al system for the classification centre consists

\ Sen
%ld

Spare

tos
of work stations, a transport system and frames Probe

I
lr)g measurements !
Y the Cag
hy PCasses during the passage of the centre as shown . -

P e

—— classification

Ulat.
L
Qpe : Qally

1
|
l — Manual
|
l
)

Ngg in figure 3. In the probe measuring station probes Aq“yx&ﬁﬂnﬁwnﬂ [
by Uteq y : i ~aU
thy the 15 positions indicated in figure 4, guided iiZatation /
A
Qtom.
o N
Wo ‘cal measurements. T | Praeipency
§ Spa Length L_E:] ok
ht re St 1 £ easurement
Ung @tions are provided in the centre to facilitate IReas
{ N~y . 4
R Llin ey T AT
'bhsi € carcass measurements such as measurement of 4
C

us
cle Ccolour or automatic sampling e.g. for boar

Slaughter
Uysig

conveyor
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Figure 4: Probe positions for pig carce® Yy
sification centre
EDQ(
The classification centre has improved the accuracy of pig
Q
carcass classification as a result of the automatic operation fd/ i
“M
and the measurements in all important parts of the carcass. A
/ oy !
g i ; / - LEG g
comparison of approx. 300 carcasses has given the relations to g \| 5 fat tnicknesse®
\ §%L
the true meat content (measured with total dissection) for the
%M
MFA system, the classification centre (CC) and the manual LOIN \ BELLY
k sLL o 5
i -(.kut‘?‘s Il\l
o " =y Y 4 fat thi ge5
classification instrument (MC) which is a modified Fat-0O-Meat'er S fatathicknensen () ;4l:m1(nﬂynﬁ
ot 3 meal thicknesses \/ /

system shown in table 1.

Table 1: Determination coefficient (RZ) and residual \
standard deviation (RSD) for prediction of lean v \ |

meat content in pig carcasses. SHOULDER
3 fat thicknesses | \ ) e

PR , |

R2 RSD

MFA 0.68
cC 0.81
MC 0.70

e
AW
=W

Developments in computer technology has made it possible to apply neural network techniques to

me :

algorithms used to interpret the probe profiles into thickness measurements and for a prediction Pfogram 4
05Sib

the meat content equation in the classification centre. As a result of this development it will be P

reduce the number of probes for meat content measurement in the classification centre to 7 without loss © T

. ) oy ; ; dua ;
Dissection of 240 carcasses has resulted in a determination coefficient (R2) of 0.82 with a residv e

rP
o : ) . T . rthe
deviation of 1.29. This development will reduce the maintenance cost for the classification centres- Fu drﬁ h
I
uir
e red

positions can still be activated when required by each slaughterhouse for optimum selection of th

materials. Wﬂ s

! . : e ith U
Meat quality methods. In contrast to carcass quality many of the quality characteristics dealt wit o

pr ~
quality are strongly influenced by pre-slaughter treatment, slaughter technology and post morte? i

t
; pe’
(chilling procedure, maturation and processing). This makes it difficult to justify deduction 1D pay

i &
animal producer for quality shortcomings which the producer might not have caused. eﬁﬁ %“

c .
. e t0
Another difficulty is that some important quality characteristics develop progressively during th ‘
5
: . w8y
of the muscles of the slaughter animal to meat. Measurements on the slaughterline are therefore not &

predict the final quality. waw r%g
8 S

ish ‘
This is the case for the most important meat quality parameter for pigmeat - the PSE/DFD status- Dan eﬂL
es!
,vBlU

o
to predict the development of PSE characteristics based on measurements on the slaughterline of pH1 Quﬂﬁ

t y
Me? R
rigor development, higher than normal temperature 45 minutes post mortem or with the Danish MQM ( eﬁﬂ j%e

il

Marbling) probe have not produced satisfactory results. Due to the serious effect of PSE characterlst ySE 1
{of

quality of pork and on cutting and processing yields there is a need for methods for effective select’ P

Pl . : X v ent? o
even if it cannot be carried out until the day after slaughter. A number of optical probe instru® hw’ iy

ughter
- ; . : . - 18!
developed for this purpose. The Danish MQM equipment is now being applied for practical selection at 8 0
rab '
T b
of branded pork cuts with good eating quality. This instrument can also measure the intr‘amUSCula %

(marbling). A minimum of marbling is required to achieve a good eating quality. reW

2 i
a 1" 7

Other probe instruments using fibre optics combined with spectrometric measurement of reflecte Ooﬂ
0-6

(40

developed. A method measuring intrinsic colour (pigment content) in muscles using visual light
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lig

o)

¥ p
% fady for practical application. A similar method for determination of the protein content in unhomogenised
At

Usj,
N8 near infrared light is under development. Both properties are important for the selection of cuts for

EDQQ.
iy
5 Products.

Ply
B, g of carcasses on the slaughterline combined with a secure handling and identification system with
Wyqs

V81

8 5
A Carried out in an automated laboratory could provide opportunities for a range of on-line measurements.
8x
Ay
le 18 the Danish system for skatole analysis in backfat from entire male pig carcasses. In this system the

Semp‘
1
) * are
),
Ry s
%j Tesults are available 10-12 minutes after sampling. The method therefore fulfils the definition for
in

transported from the slaughterline to the automated laboratory by pneumatic tube conveyor and the

)
o » . ) h : . :
m% easUPement given in this paper. It is expected that all Danish slaughterhouses will have this equipment

Al

eq
mf by the end of 1993. Another meat quality possibility for such a system could be automatic GLC analysis

8
&mpleS for measurement of fatty acid composition.
ienic

: Uality methods. The hygienic quality of meat products is probably the area where the consumer - and
)

E]’l'
J
meat
\ buyers - show most concern.
S k
No . . .
%y wledge about pathogenic microorganisms combined with elimination of some classical diseases which could
Y,
Sfe 2
%% Tred vig meat products has meant that meat inspection based on macroscopic examination of organs and
&ss

1nt flo 10nger serves to safeguard public health. The "new" pathogens do not result in pathological conditions

R

Sla
: Ughter animals which can be discovered at meat inspection.
T

Eeni
%M U8 at herd level for animals carrying specific pathogens using immunological (e.g. ELISA) or DNA (e.g.

Chp
) n . B
%mo 1Ques coulqg give important information to the slaughterhouse. Animals from herds free from specific

8 ¢
LQO ould pe sheduled for slaughter separated from herds with contaminated animals. Longer term the conditions
Nt

in .
3 8ted herds should be improved to alter their status.

‘ tap
%%“t le On-line method for testing carcasses for specific pathogens on the slaughterline is available at the

¢ e
QbTb. best available methods are currently too slow to give meaningful results. An industrial ELISA method

lch.
lne s
W losig testing has been developed.
Exp
X EQ )
“Q”t < that the general hygiene at slaughterhouses and meat processing plants will be monitored, particularly
ic

he, ontrol points. Use of rapid microbiological methods will make the results available earlier.
Q|
£

ug}lt Carcasgseg for absence of residues is likely to be carried out in a laboratory on samples taken at the
Sr)1 5

o 1 -

f%s, & Blood or serum samples would be preferable due to simpler pre-treatment and the higher concentration
4

Ugg
Yy than in muscles, but such a procedure requires development of a safe identification system. Pesticide

b 1
%Q have to be based on fat samples. Analytical techniques which can detect trace quantities for a wide

0 Co -

gy mDoundS are required. A possibility could be automated mass spectometry which can detect very small
R q P y

Uy c \ . s 3 :

"y Clibineq with computer library searches of the spectra for compound identification. A considerable

rjm E » .

V“me ffort is required to create a practical on-line system and the equipment will be rather expensive. A

8

n
? %QmmTt Project hag started in Denmark.
:#:;g;;sgﬁzggg‘éﬁg_§§LEQILQN: The method employed in Denmark to ensure optimum utilisation of raw materials and
E%Uemﬁl 1 the Customers' quality requirements is selection and sorting of the available raw materials. After
;T' thes beleVant carcass properties (carcass weight, visual evaluation, classification data, skatole analysis
ls%stb %ta are used for selection and sorting of carcasses and cuts in order to ensure that the cuts with
%tmw QSSible Match to a customers requirements are used for products destined for this customer.

Q .
lon !
of the pig carcass classification centre (CC) and thus of cut grading has altered the sorting system
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:”‘)t‘t
in Danish slaughtering plants from carcass sorting to a combined sorting of carcasses and major cuts. ,(%
. 0] oy
iti ; - aio
In addition to the measurement of the total lean meat content in the carcass, the CC can grade each *

b I

ded
(hind leg, loin, belly and fore-end) in up to 6 grades. In addition special cuts (e.g. middles) can be gré ) %I
e ]

6 special grades as shown in figure 5. These cut grades and special grades can be programmed as reqUired : i
Xl
) ® ~op* :
slaughterhouse using the measured quality parameters. This gives an opportunity to define grades with theé P [ ¢

required by the buyer. B
u gr@vv

Figure 5: Sorting grOUPS'geS
and special gré 1

In theory a sorting of carcasses into identical groups would require oY
ING G
UP TO 100 soRTcAssgg

CAR
1296 different grades (6 hind leg grades * 6 loin grades * 6 belly grades v

* 6 fore-end grades) plus special grades when selected. It is practically

impossible to select that many different groups - the CC computer has
facilities for up to 100 different sorting groups of carcasses which are
identical with respect to one or more main cuts. After primal cutting the
possible number of variables is reduced to 24 i.e. 6 for each major cut
(hind leg, loin, belly and fore-end).

The figures given above show that a complete sorting of the carcasses
in identical groups in the chill rooms is impossible. Typically the

carcasses in the chill rooms are sorted into groups which are identical

with respect to one or two cuts. The remaining sorting must then take place

during primal cutting as indicated in figure 6.

Figure 6: Selection of raw materials o

Slaughter- Carcass
line chill-room

Buffer
cold room

Cutting

. . . . u
Carcass classification Sorting of carcasses Sorting of hind legs, Batching of graded ;ws
and selection of cut into sorting groups loins, bellies and into production bat 2
grades and sorting groups fores into grades .1ﬂw

ko . =S nel
Sorting in carcass chillers. The sorting in the carcass chill rooms (or conditioning rooms, when e

is used) has the following purposes within the total selection of carcasses and cuts.

= To ensure that carcasses with known properties can be brought out when required.

. g : . ; d1 1
" To simplify the sorting during cutting. bﬁd" 1
L

; u 4
= To ensure that cutting of carcasses e.g. with uniform hind legs and/or loins can be carried © !
g TR
without a need for further sorting. pUI |
suP
to
- To ensure that the chillers can be emptied in a sequence which allows for the planned need

materials with specific properties to the boning room. Tne

: . . : : : —OUt L ﬁ’

The possibilities for sorting in the carcass chillers can be limited by chiller capacity OF o: hoﬁth
s

. . s . . i enc
for sorting in the carcass chillers is related to the production structure of the company, but exper* £

0
: ' ' : gion n
most companies wish to achieve as detailed a sorting as possible in the chillers. Before introdu® esﬁ

: 4 , c
Danish slaughterhouses typically sorted carcasses into six groups. Today most Danish companies sor®

13-25 groups in the carcass chillers and the number of groups is increasing. 5Wf S,

Sorting at primal cutting. The purpose of the sorting during primal cutting is to completée

' : : cut
in the carcass chillers. When the cuts leave the cutting area they should all be sorted according e
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7

Hr)pt.
lng
®nsures that all cuts of the same grade are placed in the same box or hung on the same multiple hook

[ Ry
i} ] )
5 8s tree). The sorting is carried out manually according to the CC grade brand on each cut. When the

Yty
Seg
b S in the chiller have been pre-sorted e.g. according to the loin grade, only the fore-ends, hind legs and

“‘QllA
leg
5 have to pe sorted manually.

Ufp,
&r . el e "< S
€0ld room and boning/trimming room. In order to ensure that a cut which has been graded for a specific

[
B
{
shed Pt‘od g . . . = S -
N uct is used for this product, it is necessary to have a buffer facility for cuts between the cutting
q
q 1
N bo“lng/trimming area. This buffer facility provides a balancing quantity of specific raw materials.
by

iy eneed for buffer capacity is controlled by the variation in raw material availability and by the flexibility
Y,
\.immfer between different cutting specifications and capacitites in the boning/trimming area. This flexibility
nf
. luenced by the following conditions:
NUmber of boning lines (more lines give greater flexibility).
possibility for producing to different cutting specifications on each line (many specifications give greater
flexibility).
Individual incentive system versus line system (individial incentive system gives greater flexibility).
The ability of each operative to handle different products (many products per operative give greater
f‘le’(ibility).
8
ha\i¥£;229939£393¥gl§9niqg. The principles in basic production planning can be illustrated by the relationship

.twee

Sort . - ; .
%% ting of carcasses (sorting groups) and grading of cuts. There is a systematic relationship between the

Ont

| ent 5 ' . N : . - .

t%t Lin the complete carcass and in each cut. If a sorting group is based on e.g. lean loins it is likely
Iy

NG
°f the other cuts are lean as well.

Sig
. Plifp; : £
%%P 1fieq example with only two sorting groups can illustrate this point. One group (X) has lean loins, the

ly %b has fat loins. The relation between lean and fat hind legs, bellies and fore-ends in these groups is shown
le
2.,

e ,,

Example of relationship between sorting groups and cut grades

Sorting group X Sorting group Y
(lean loins) (fat loins)
% lean % fat % lean % fat
Hind legs 80 20 15 85
Bellieg 90 10 10 90
I Fore-ends 70 l 30 25 75
8
0 CaPCaSSeS with lean loins are cut early in the day and the carcasses with fat loins later, the frequency

: ang
lnﬁ lean hind legs, bellies and fores will change when cutting of the new sorting group starts. This results
Ch

Angg .
Y N the cut grades arriving to the buffer store or the boning/trimming area. The production plan must

Op
A s ; . :
%%. Sk Changes by having the required buffer capacity and by adapting the production plan for the boning

\iaﬁs\z.
Y] ’
N ?TROLLED
= \BY PROGNOSIS

Plannin e
g principle
CONTROLLED BY ORDERS

|
i Carcass : . y // Boning/
SHSYS o e e T T -————~7? Cutting — \?tijj;// . trimming
p\ o TE¥ i PULL SYSTEM
%y e i , ) -
llboo UStrates a planning principle based on carcasses being pushed from the slaughterline to the carcass

, . .
Sorteq in groups based on the expected production requirements. After carcass chilling the carcasses
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cu
can be pulled forward to the production they are best suited for. The pull system can only be used for the .
10"
cuts which were used for the sorting into the carcass chiller. If the carcasses were sorted according toO ek

.16

hi
grades the following process can pull carcasses with the loins required for a specific production from the e ,
1
ar}
When these carcasses are pulled from the chiller various qualities of the other cuts will follow as shown e !
o8

e ct”

A full utilisation of the possibilities for quality and yield optimisation which can be achieved with tB v

e . . , . : igl
classification centre can only be realised with a production planning system which controls the raw mater W
[
)

through the carcass chilling, primal cutting, boning/trimming and packaging functions. The supply and usag®

: red
type of raw material must be coordinated and the details for the production of each batch in the boning & 4

e

: : LT e e - . the
be scheduled. Information about current production possibilities and limitations must be transferred tO

and planning departments. 4

po”
ter

APPLICATION OF INFORMATION TECHNOLOGY: The use of information technology is an important tool in Slaugh

.On

- : . : : : picat?
management. This is the background for work at the Danish Meat Research Institute aimed at identifiC i
us””

il " . . ; y . in
description of the future applications of information technology for effective management in the meat

The following areas have been selected as having major strategic importance: ¥

b
eof?
; . . . X - né
- Planning and raw material use. An important aspect of short term planning is the selection of rav

P
for each order. The raw material utilisation should provide the optimum financial yield, but Wﬁtdw
satisfy quality requirements for each order and be adapted to current production limitationsS- Inﬁﬂmlﬂ
technology is well suited for this task which requires calculation, optimisation and simulatio? Whid
8y

tod
advantage can be carried out in computers. A series of simulation and optimisation programmes &8r€

10|
in the Danish meat industry to assist production planning. Development and improvement of such P
are carried out continuously and are expected to be intensified during the coming years.

aré
- Control of production. Production floor equipment integrated with data equipment has been &9

information technology has been applied extensively in the meat industry. Advanced equipment fo ew@
carcass classification, measurement of quality parameters, automatic carcass identification and gm:e 5
automatic sorting are examples of data technology as an integral part of factory floor equipment'T

recent developments in data networks and data-base technology have provided new possibiliti€® g Zultﬁ
integration and a more flexible data exchange. The large quantities of data captured e.g- as & riﬂgwﬁ
raw material measurements can via data networks and data-bases be used effectively for sorting 52"

higher level planning functions. o

' acc |

- Sales support systems. An important basis for a succesful application of the strategy "meal 'OHN
e : . - ! 1 : comP !
specifications" is a close contact between production and sales/marketing functions. A meat ol

" e : . prered ¢

have a large number of sales possibilities and the raw materials can be converted to diff€ t

; . z S . . g ion
products. An important basis for the optimum decision for a sales executive is informat

. 170
int o
available raw materials combined with a summary of the sales possibilities. Development and 1¢ﬂ

) t
of computerised sales support systems which can provide this overview are therefore importa?

to the chosen strategy. of
pus?
: i : r f
3 External data exchange. Danish meat companies today use electronic document exchange © rkgﬂ
0
etW

I : - - . . ta O 1t
administrative documents such as order confirmations and invoices. The development of da ,On,T
at? h
apent y

international public data services gives possibilities for electronic exchange of other doc

0"

] pr
ing

data captured by a slaughterhouse for a batch of products as a result of measurements dur
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Could be of value in the later processing of this batch, and at a later stage a meat company could provide
impOPtant quality data for a specific production batch. Such data will, in addition to providing a form of
quality certificate, in some cases be useful as imput to the data systems at the processing plant. For
the Primary production the data captured at the slaughterhouse could be made available to the individual
Pig Producer and could act as guidance for future management of breeding and production conditions.
‘Egliﬁx_gggggggggg Quality management is not an isolated data system but should be incorporated as an
l.ntegl‘al part of the other systems. It is mentioned here to emphasise that information technology is an
important tool in the establishment of a quality management system. This subject will be dealt with later.
dlthﬂ to identifying the most important areas for application of information technology the Danish Meat
Institute has also provided guidelines for the future system design. A system architecture has been
L . giving details about future data systems and their interconnections. The purpose of producing a system
lthure has been to produce a reference framework enabling the development and implementation of individual
%ﬂy;m °f the System over a period of time. The system architecture has been designed on the basis of top-down
Q B % imeq at supporting of the business strategies of the companies. However, the implementation of the systems
r
%piQ:ed Out bottom- -up. The system architecture is thus a future ideal for the information systems. The practical
on of this ideal is a step-wise adaptation of new systems to the structure. The overall principles for
g SSign and system connections should ensure that the final target can be reached. The developments in

Atig,
D 0 technology are, however, rapid and it might be necessary to revise the system architecture frequently.

Over
0 all System architecture is shown in figure 8. The production of the company is separated into a number

at
%“i © areas (cells) covering the following functions: - Reception of raw materials - Slaughterline - Primal
n
~ Bons T > .
R ONing/trimming - Packaging - Dispatch.
Ch
; 0
w%& these areas is in principle an independent production function connected via an intermediate store. The
8e

Uilg4 .
%%e ldlng 1s the store between reception of raw materials and the slaughterline. The carcass chiller is the

twe,
! e 3 5 5 - 3 3 5
Q%a N the slaughterline and primal cutting etc. Each production area is an autonomous unit with respect to
Eement
%%u and detailed planning, but is controlled by the company's overall planning. Integration and direct
Ct
1o
m 5 : 5 > " :
anagement is carried out at a higher level which also covers quality management and operational control.
By
4
\£E¥i§
* Data network for slaughterhouse Figure 9: Data network for slaughterline
P,
e
AR . S - S =
5 :“rcna Sales Admlnlstratlon Slaughterline jee: Production computer
[+ Qecem o " W Materials e | Cell controller Public data network
¢ n e
dorg "aW materials } [+ Sondkerm
[ e M) Dol W e
— Emrioyees e =ML Ll Analysis unit Analysis unit (3 Operations
pT\ Entire carcasses Entire carcasses \ surveillance
CT Administrative network [ REOPTEES T e = s ot Cell network e
‘J g~~~ 1 | v e
4 aa‘if’ﬁ B S e ] =7 N | e O 714‘ o9
| | Meat qual
tiuama‘“"ms ‘ | Producnon | Operauons Line controller 1 | Line controller 2 [ Sﬁ;;ﬁe, m:icif;ﬁ;‘e}m
g ‘ * Control of production orders ‘ * Surveillance | = = = — —
| * Quality management i « Maintenance : i CEs WQM\E”TOH TR
L ‘7 R‘i"‘“"“‘“m | | system Mlcente | | system’ |
] Saméﬁv;g unit | [ "Manual 5 Automatic
I |Ent.carcasses [ | classification identification |
— B e = L s Line —— ] - = e
| | network S (R on s o B2
Cutting ‘ ‘ Packaging Weighing [ 1| Veterinary
=S | |- e | terminal 5| L \Hf;p(i(;uon
Boning Dispatch Line k Carcass chiller
‘ network — network
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The individual production areas are tied together by a production network. The technical surveillmwea
i
maintenance are in a separate area having the main function of ensuring maintenance and operation of the techm,
equipment. The company's administrative functions are also separated in some main areas tied togetherl wﬁh
administrative network.
In each production area (cell) the system design can be made with reference to the overall architecture:
9 shows the structure of the slaughterline systems in Danish slaughterhouses. The installation of the QQUiU
shown in this figure has started and will be completed by the end of 1991. The figure illustrates a Sla“ghtefh f
with two slaughterlines. The activities of each slaughterline is controlled by a line controller.

i
. BCI

: : : ; pdi®

equipment and machine control systems (PLC equipment) are connected via an industrial data network. The c0O i

thi

e ¥ |
" ! tur
of the activities in the area is carried out by a cell controller. The main functions in the area are €8P ﬁ\t%

1)

ent

storage of quality data for each carcass. These data are used as input for a sorting of carcasses at the o
8

: - . j i g c8L
the carcass chillers. The figure also shows the connection of the analysis equipment for entire male Pig

to the other data equipment on the slaughterline. lw
et
THE QUALITY MANAGEMENT SYSTEM: Unlike quality assurance, which focuses on post-production inspectio?’

ot
roﬂg f

management emphasises defect prevention as illustrated in table 3. In quality management there is a st 2
W

is
! . e Rl
on customer requirements and cost reduction through continual improvement. The responsibility for quall

defined and is managed through documented systems and operations.

Table 3: Comparison of quality assurance and quality management

Quality assurance Quality management

Philosophy Inspection Prevention
Responsibility Quality control Systems and operations and
for quality department, well defined responsibilities
inspectors
Goals Defect detection Cost reduction and conformity
to specification via continual
improvement
Inspection Post production Process control and in-process
inspection inspection
Cost Specified quality Cost reduction through
at specified cost quality improvement
Improvement Improvement by Project-based improvement by
increased doing it right first time
inspection
Focus Product Process.

Customer requirements

Techniques and Rework and Corrective action programme
problem solving destruction
Benefits Production to customer

specifications.
Cost reduction

1030
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Ual :
oy Danagement is based on four principles:

* meeting customer requirements

doing the things right first time

* management by prevention

¥ measuring the cost of non-quality.

Ye
etin
%{\\\\E\EE§£omer requirements. Quality is meeting the agreed requirements of the customer. The customer is
ined
8 : 2 " :
Mt § anyone who has an interaction with the employee. There is of course a focus on the external customers,

Sqy
al : .
ly lmportant are the internal customers, who are co-workers, people in other departments and sales.

T
leg . ) o %

tM t Specifications it is necessary to measure central quality parameters such as lean meat content, fat

HESSES )

me

Carcass weight and dimensions, protein content, pH, pigment content and residues. In all sections of

Ces : : : - . ’
%% S well defined accept/reject criteria and procedures for verification should be established, and adequate
Up

in .
Q%Q & €Quipment should be available. The pig carcass classification centre is important in this respect. Every
8y

N
is . . N
Deasured and data for each carcass are available for production planning.

Ry
ht o
P - .
mp\Ji\‘\5£§£‘£59§[management by prevention. The company no longer operates on the basis of an acceptable level
Rfe,
Ctg |

DQV Instead the company is trying to create an environment, which seeks perfection in all operations and
at

%bmdjs the employees to ask why an error has ocurred and take action to prevent it happening again. Consequently
T aes ust pe given the power to influence problem solving and changes to processes to prevent errors.

.Ssure Quality it is necessary to have well defined responsibilities for quality. It is important with
%%l;: = Procedures for handling products out of specifications. It is essential to keep records. All records

8 tﬁbl

5
W analeed svstematicallv to prevent failures from happening again.
Sasyps
v ubln th s " : ¢ :
%ti € cost of non-quality. The cost of non-quality is the money spent on detection, correction and pre-
On
of
%qq Srrors, Measuring the cost of non-quality gives the management a strong tool to monitor productivity
Ual S
| 1t
wﬁu Y at the same time. There must be a system for calculating all defect costs, identifying factors

Cip
QD & the Costs and recording defect costs at critical control points.

. 000 :
g%;:ii\\LigLigﬁgggational standard. The international standard series for quality management systems, ISO 9000,

19
%%UQ ance fop implementation of a quality programme. The standard is obviously designed for use in the

ty

On

3% q oy "nuts and bolts" and not for use in the food industry - certainly not for use in slaughterhouses. The
&pd g

q%um S Specification of a quality management system. The standard specifies the requirements for
Qnt

&tio

5 ™ verification and records to be kept.

8ny,
m% = Meat Research Institute in cooperation with the STEFF-HOULBERG meat company is developing a quality
Q&Qm P
S

%%bb Systen in compliance with the ISO 9000 standard series in the slaughterhouse in Ringsted. An
I‘Qt
aty i
on of the ISO-standard for use in Danish pig slaughterhouses will be the result of this work.
Ect
by S

ta T8Sults of the Danish quality management project. The company's policy and objectives for quality will

§ in 1 ) )
smbe a QUality Manual and communicated to all employees and customers. A contract review is essential to

. th

{ at »

xi N the Tequirements of the customers are agreed, and that any requirement that cannot or will not be met
1

%t fled‘ ) . ; el . —_— Haet

S P“PCh881ng is an important activity and the ISO 9000-standard is very explicit about purchasing

8Ppp,

Y Oved Suppliers' list must be kept, and it must be possible to determine exactly what a supplier has

Danish slaughterhouses are in a special situation here, because the companies are owned by the

%Q fust therefore accept all delivered animals. For the production of entire male pigs and for special

DPQd
Uct 4 . g 3 =
Ctions it is possible to keep approved suppliers lists.
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In a quality management system product identification and traceability is essential. In the slaughterhouse |
is a full identification and traceability of the carcass to the point of cutting. After cutting traceabilityis v
and the only identification is the EC and grade brands applied in the classification centre. All non—chOﬂM
products will be positively identified, which is especially important for entire male pig carcasses with uﬂh

skatole contents. )
,1”
wi
The process control required to ensure that the company can meet the requirements of the customer "
Y-l
‘ ) 2l : tiof
applied. In the slaughterhouse the processes are manual operations and the documentation is work-instruc W
i
. i
decide whether work-instructions should be fully documented, it is necessary to consider the skill and if

fob

. 1 40
of the operative. The standard does not ask for "guides for fools", and it is therefore not essential

document normal operations, that are only performed by trained operatives. i

Inspection and testing will be carried out as defined in a quality plan. Inspection of the carcas®' i

Lol e : . £i0?"
grading in the classification centre and measurement of skatole content are examples of in-process inspeC of

e
inspections will be documented in formal procedures pointing out where verification is to be carried out» o

P jon
of verification and the methods used. The responsibility for verification and the required quallflcalcl i)
C
inspectors will be defined. Measurable accept and reject criteria will be established and necessary re
be kept to prove performance. ftw

The ISO 9000 standard is clear on what to do once a product has been found to be non-conforming

o
iew /i
requirements specified by the customer or by the slaughterhouse itself. The responsibility for revi 7

authority for the handling of non-conforming products will be defined. All non-conforming products wil

ion
. s % + ) 510
and reworked to meet specifications, regraded for alternative use, destroyed or accepted with conces

customer. A corrective-action programme will be implemented to prevent failures from happening again- ;ew
8
cré
. : . : . (o}
Training programmes are generally designed to improve an employee's technical skills. However g ﬁtv
)
55

: - ; A : L . : - : ; :4 4 NE 1
organisational environment which is customer driven and which emphasises quality first time, it 18 pﬂ
d®

: né
change the company culture. This is especially true in a slaughterhouse. The training and educatlonal hWL
10

rdiﬂg

cco
The quality management system at STEFF-HOULBERG's slaughterhouse in Ringsted will be evaluated é oftw

de
be identified, and an educational programme will be developed in cooperation with the Danish Meat Tré

- en
the requirements of ISO 9002. The issue of a certificate, showing full compliance with the requrem
ISO standard, is the expected result of the project.

. pr
ORGANISATION: The introduction of a more market orientated production management system will also

requirements for the organisation of meat companies. The following tendencies should be considered: roﬂo

.pic P :
ifi
= The need for coordination between production departments increases. The supply of customer spec ¥

nt
rtué
and the sorting of products into many quality grades result in a larger influence in & dep®
work carried out in other departments. fﬁt
g 10 . S - . g mé:
= The freedom to make decisions in an individual production area becomes more restricted. The P

fulfilling quality requirements, quantities and delivery times has a direct influence ©O

floor and the freedom to make alternative decisions is limited. eV&

: T {

) . . . . ighe 0
- The introduction and extensive use of new technologies produce a requirement for & hig pﬂﬁ
5 t ¥

training/education. Information technology, advanced measuring equipment and equipme” ¢ .T ‘
Paftmen

¢
: e ; . T, ¥ - : e 4
identification and sorting are new disciplines which must be mastered in the production d eﬂw

.t
the wel’

companies will become more dependent on the correct function of the technical equipment and
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departments must be able to ensure this.

Wage Systems must be modified to support the companies' target of being able to supply products with the
Tight quality, quantity and delivery time. The importance of incentive wage systems based on production
VOlume is therefore reduced in relation to the main targets for quality and planning.

Vel
’h OPment and installation of new technology is often seen as the most important task and the need to modify
R
Op,

L,
ﬁ% arllsat1on in order to make the technology work is often neglected. When the new technology can be introduced

rql

n

8 to a well defined plan, the organisational changes can be implemented over a period of time and in some
S

e
o, W staff with specialised skills are employed. The budget cost for implementation of new technology is
iy

%e

as . | : :
B &d on the purchase price for the equipment. The cost of making the new technology work is often forgotten.
Qpi

C8 o3 " : g . ¥ : :
%n S indicates that this cost often is at least as high as the equipment price. It is therefore important to
Sld
Sp
the Organisational consequences of new technology at an early stage.

NCLU
%% SION The Danish strategy based on selection of raw materials guided by on-line quality measurements in
D

&, DPOdUCe products of the required quality for the export markets has been strengthened as a result of new

Dmen
L s in measuring techniques and information technology. A framework for the future production control
Btem

as
m been Created and is gradually being installed in the meat industry.
Q

ganlSatlonal changes which are needed for full utilisation of the new technology will require an intense

hn
in
g o

W, T staff at a11 levels in the industry.

R

anj : : : . ! . ; -
%%Q ish Deat industry has had experience in the application of special measuring equipment and carcass
tio

B n
hy Or a number of years. Information technology and quality management are in comparison new disciplines.

Es ul
ts
m@f achieved with these technologies are positive and the development is expected to continue according to
Pagg
& Swop . .
‘%%e k which has been agreed. The creation of a complete production management system to support the main
o

r : s : 3 ]
Quality and flexibility is a process in continuous development. We expect that the further development
meth
0dg

and Danagement principles will continue for several years.
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