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frankfurter type sausages are manufactured In Hungary on a large sc a le , therefore. I t  la  
e sse n tia l that th is  be done in  a p rofitab le  way. The cost of the raw m aterials has to be 
Bet at a minimum while s t i l l  sa t is fy in g  the requirements o f  chemical composition as 
Bpeolfied in  the Standard.
A mathematical model was developed perm itting o f the preparation o f optimum formulae as 
B function  o f the chemical composition o f the raw m ateria ls. The standard deviation  
•r is in g  in  the raw m aterials and in  the manufacture has been b u ilt  in  in  the system of 
Equation and thus these are not lin e a r . The model may be used, apart from the development 
° f  formulae, in  the modeling o f th eo re tica l problems and in  p r o f ita b il ity  analyses.

Msihem atleches Modell zur H erstellung von Brühwurstarten
«• KöifiüsHBY, Ungarisches Forschungsinstitut für F leisch w irtsch aft, Budapest, Ungarn £• BRDÖS, Ungarisches Forschungsinstitut für F leisch w irtsch aft, Budapest, UngarnA b 7'fTYr 11 rr J_____ nJl.. __1 17 I — t 4 .V.

Fakultät, Mosomnagyardvdr, Ungarn
H erstellung von Brühwurstarten geschieht in  Ungarn in  reicher Sortenwahl, 

äemeufolge i s t  es von grosser Bedeutung, die H erstellungsprozesse m öglichst unter 
^ ^ ta ch aftlieh en  Verhältniseen vorzunehmen. E in erse its  müssen d ie Kosten der Rohstoffe 
Bhfs Minimum verringert werden, zur selben Zeit aber müssen nooh d ie durch Honten

•stimmten Bedingungen der ohemisohen Zusammensetzung e r fü l lt  werden.
®Bs mathematische Modell wurde so form uliert, damit d ie Lösung des Modells eine 
^PtimumroEeptur in  Funktion der chemischen Zusammensetzung von Rohstoffen g ib t.

ln  den Rohstoffen und während der H erstellung entstehenden Streuungewerte wurden 
b̂s Gleichungseyetem eingebaut und daher sind s ie  n icht lin ea r . Das Modell kann -  

ftBäen der Rezepturgestaltung ~ bei der Modellierung von theoretischen Problemen und 
^  ösn W irtschaftliohkeiteanalyeen verwendet werden.
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Le modele mathématique de la  production du saucisson type Francfort
L. KOKMENDY ~ Z. ERDÔS L’ In s titu t  de Recherches sur la  Viande, Budapest, Hongrie 
E. ZUKÁL L’U niversité de Science agr ico le , Keszthely

La Faculté sc ieu tlf lq u e  de l ’Agriculture llosonmagyarévér
En Hongrie, on produit beauooup de saucissons type. Francfort, c 'e s t  pous cela  i l  
e s t  très importont que la  production s o it  économique. Les fr a is  des matières 
premières doivent être  réd u its au minimum, sa tisfa lB on t en menie temps le s  exigences 
des normes quont o. la  composition chimique. Un modele mothématlque a été développé 
qui rend p ossib le  la  dim lnirion des fr a is  en fonotion de la  compositon chimique.
Les éoarts-type de la  composition chimique ' la  muatiére preusiére ont été appliqué0 
dauB le s  équations qui devenarent ains non lin é a ir e s . Le modéle peut ê tre  u t i l i s é  
au but des considérations théoriques e t pour augmenter l ’économie de la  production.

MaieMamecKan HoaejiB ajih nPOHBBoacTBa 680cipyKTypHHx Kojróao. 
a.KEPMEHOT, 3.EPÆË1D h S.S/KAJI.
rooyaapcTBeHHHil HccjiSBOBaT0jibckbB HHOTHiyT mhchoH nponmiJi0HHOCTH,r.Ey;nan0iiiT, BeHrpfl0*
Ceja>CK0X08HHCTBeHHHÍt yHHB0pCHT0T, KSCTXOtt.'îaKyiLiTBT C0JIBCKOXO8HÎtCTB0HHHX H8yK» MoraoHuâ HpoBep, BeHrpBH.
üooKOJiBKy b BeHrpHH b ôojibuiom koJinq0ciB8 BupacJarHBauT ùecorpyKrypHHe KOJiCacn, noBTOitf 
6onh\aoe XHaveHHe H1100T hx bkohomjwockoo iipohsboactbo« Pacxosa no cap*» cxeay01 c808" 
AO MHHHuyua, coxpauHH npn btom cTaHaaprHHti xmiHqocKníl coctsb.
PaspaUoTaHa uaTeuaiHqecKaH 11030x1, axh onpoASJiSHHH onTHMantHofl pononrypa nponsBOflC1 

B 88BHOHMOCTB OT XHlUWOCKOrO OOCTaBa CaptH.
OlKJIOHOHHH, BU8HBa0MH0 CaptëM HJIH npOUOOCOM np0H8B0JCTB8 yqHT8Hli B ypaBH0HH0, K0T°P 
Ï0KHM 0(îpa80U, HBXH0TCH H0JIHH08HHM. KpOM0 pOROnTypH RJIH npOHBBOflCTBa A8HH8H U0AeJIÎ __ 
110X01 (5htb HcnoxB30BaHa ajih uoA0jinpoBaHHH TSopoTnqocKiix npoflxoïi n BKOHOimqocKoro 0110 
JIH88.
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Mathematical nodal for the manufacture of frankfurter typo sausages
L. kORUEUDY, Z. ERD03 and E. ZURAB
In Hungary the frankfurter typo sausages are ranged with the "red" frenh sausages. 
Beaide wionera the pariaer ia  ranged in  th ia  group which ia  of a r e la t iv e ly  largo 
diameter and consumed co ld . The polony /" k r in o lin " / and lcnackwurat /"asafaladd"/ 
belong to  th ia  group, too , they are of medium diamter and ore conaumod, just no 
Wieners, h o t.
The common ch ara cto ria tic  of theae producta ia  the emulaion uaed in  them, thua th e ir  
cliamical compoaition and manufacturing technology ia  a lik o , too . The moat ia pulped 
w hile adding polyphosphate, n i t r i t e  containing a a lt mixture, water and seaaoning and 
f in a l ly  some bacon. I t  ia  e s se n tia l to  achieve a homogeneous f in e  consistency, mostly 
by the use o f cu tter  and fin e  cu tter  /e» g . Stephan/ /L0RI1ICZ and LEHC3EPETI, 1973/, 
Beaide the senaory properties tho standard chemical composition ia tho main quality  
requirem ent. To ensure th ia  ia  nocoaaary from the consumer aspect, on tho one hand 
and in  the economic in te r e s t  o f the manufacturer, on the other. Overatopping the 
minimum protein  requirement, beyond the le v e l  ,iu 3 tified  by tho s c a tte r , causes a 
superfluous coat in crea se . The f in a l  composition i s  n aturally  mainly determined by 
tho compoaiiton o f the raw m ateria ls. Thus tho knowledge o f the i n i t i a l  parameters 
and the fo llow in g  up of changes during processing permits o f the an a lysis of re la tion s
to  the f in a l  com position. The model o f manufacture of the product serves th is  purpose, 
i f  in  the model developed the i n i t i a l  and f in a l  parameters are known /by an a lysis and
by standard s p e c if ic a t io n , r e sp e c t iv e ly /  the dependent variables provide tho optimum
formula as a so lu tio n .

1 . Basic re la tion sh ip s  
1 .1 .  Development o f the system o f equations 

The q u a lity  o f the products i s ,  th u s, la id  down in  the rela ted  standard. In developing 
the model the chumical composition and sensory properties as described in  the standard 
have to  be taken in to  account. The taking in to  account o f the chemical ch ara cter istics  
seems to  be the most sim ple. Since the quantity of ingredients / s a l t ,  polyphosphate, 
seaaoning/ i s  con stan t, only the protein  and water contents of the moat and bacon have 
to  be accounted fo r . The standard sp e c if ic a t io n s  for  fronh sauaagos are aa follow s
/MSZ 5853-76/*

in  one sample in  the average o f 4 samples
protein 9 ,5  % 10,5 îî
water 70,5 £ 69,5 fi

ï'or tho sake o f s im p lic ity  l e t  us assume that the Chemical composition of the saunage
omuloion i a id e n t ic a l with that of tho ready made product and le t  us not consider tho 
S catter  e ith e r . I f  1 kg emulsion i s  composed of <£ kg meat, ft kg bacon and y  kg water, 
then, in  the knowledge o f percentage moisture and protein  contentsof meat and bacon



9 9 013.5
/;i p \y P„/, the following; equations are valid for the average of 4 sampled»Irt? IuF ii 1‘

oCPj; + p> Pp > 10.5 a

dC Yij. + p> v:p + 100y i 69.5 b
Since v/e calculate with 1 kg of emulsion and the emulsion 

contains about 2,5 ’’a ingredient /salt + polyphosphate + seasoning/
cC + p> + X - 0.975 o

Thus, the specifications of the standard in relation to chemical composoition v/ero 
taken into account /ZUKAl ot al.. 1964; lu'UiPn'l'I and ZU1CAL, 19J7 ; ZUlulL 19o /',
ZUIiAL and ICAItPATI, 1967/.
The moot important characteristic of quality from the aspect of sensory value is t'.o 
consistency of the fresh sausage, which depends basically on the water binding and 
emulsifying capacity of the meat utilised. This factor is a function of the (£iantvtu_. 
tjve and analitative composition of protein. However, the relation between the piotci 
quality and the water binding capacity of the meat cannot be described by a mathematic'1 
equation, inspite of the fact, that the problem has been discussed widely xn the 
literature /IIAI.1I, 1972/. This draws attention to the necessity of developing a method 
for the determination of the water binding capacity of meat showing a close corrupt 
to the amount of water that may be added to the meat.
Thus, in the first approximation the addition of extraneous water is formulated as a 
function of the protein content of meat. On the basis of practical experience to a 
beef containing 21.4 S protein and 75 % water only 80 SS extraneous water may be added, 
with meats of lower protein content /of higher fat content/ proportionately lower 
The water binding capacity of the protein content of bacon is neglected for the 
being, since generally the conjunctive tissue contains a higher proportion oi proto*

lower water binding capacity:
80 t. 15- = 7,24

amount

of

Thus:
<*% + I 00**

21.4

< 7.24 and
«CP,

oCV/M + 100X i 7.24 P,1.1
The aim is to minimize the cost of the raw material required for the emulsion, 
emulsion is prepared from meat and bacon the target function is

= oC c, P> % min.

where
Cjj is the price of meat, 
Cp is x'ho price of bacon. 

The price of water may be neglocted.
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Equations a and a_ aro, in foot, conditional aquations and the tank belongs in the 

sphare of linear programming.
Since <{.+ (*, + \ = constant, tlia value of \

in the equation may he subotitited in equation b or d and thus the equation is of two 
variables and may bo resolved graphically.

1.2. Example of calculation
Lot ua infer that the emulsion is made up of first claas beef and bacon. The chamical 
composition of the raw materials is as follows« V?M = 75 PM = 21.4 ‘,3, V/p = 19 -<■»

= 6 /S.
cC 21.4 + /36 2  10.5
«<75.0 +/319.0 + 100^ 69.6 a’

'X = 0.975 - oC -/J
<< 7 5 . 0  +/3 19.0 + 97.5 - 1 0 0 oC- 100/3 £. 69.5

- 2 5 dt -81/3 £. - 28 b ’
«<75 + 97.5 - 1 0 0 oC -100/3 7.24 • «<-21.4

- 179.9o0 - 100/3 £ -97.5

And finally
dC + /3 £  0.975 £

Taking a* b* c* and d* inequalities for equalities the curvos are plotted /Pig. 1./
Fir:. 1

It may be proven mathematically that it is suficient to look at the cost prices in the 
intersections and the composition of lowest cost is at the same time the minimum /KKBKO, 
I9 5 9 5 CSAt H, 1972/. The beef was calculated at an average price of 71 Ft per kg and 
the bacon at 16 Ft per kg. All the possible combinations of compsoition, which satisfy 

the conditional equations fall in P-̂ , Pg* P^ 
triangle.
The coordinates of the different points and the pertinent prime costs are /calculated 

hy the target function/:

h  P2 P3
oC= 0 . 8 8  c£= 0.43 oC= 0.31
/3= 0.08 P>= 0 . 2 2  /J =0.665

C = 63.75 Ft/kg C = 34.05 Ft/kg C = 32.65 Ft/kg

Ii3 Analysis of th° solution of equations.
The composition under P3  is the cheapest, supposing the emulsion is prepared only 

o f  m e a t  and becon without the addition of extreneous water. This is because the Price 
°f bacon is extremely low considering its protein content. Thus it follows that
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thn minimum primp coat, does not go always with Pc of maximum water content. 
It in eany to prove that thin occurn when

o r  t h e  m e a t  p r i c e -  b a c o n  p r i c e  r a t i o  i s  h i g h e r  t h a n  t h e  m e a t p r o t o i n - b a c o n  p r o t e i n  
r a t i o  / i n  t h i s  c a n e  4 .4 4  o r  3 . 5 6 / .  I f  t h e  p r o t e i n  c o n t e n t  o f  b a c o n  i s  l o w e r ,  e . g .
4 fS, in that case composition °f maximum water content is the minimum.
The cost functions belonging to the constant prime coat wore not illustrated in Pig«1* 
however, they may bo easily plotted, since

Further, it is evident that if the protein content of bacon is about 1 0  % the minimum 
coot would bo achieved by comminuting the baoon with the ingredients but without the 
addition of meat and extranoous water.
Howevor, this would be an abnurditiy from the aspect of technology, thus the lower 
limit value of moisture content in fresh sausages must be also included in the 
conditional equations so as to ensure the character of the product. According to our 
present knowledge this is given as 6 2 %\

oC \YM + /3Wp + 1 0 0  Y 2: 6 2 f
In the present example:

o*75 +/J19 + 1 0 0  /0.975 6 2

- 25oC- 81/5»-35.5 f*
Considering f* inequality as equality it was illustrated in Fig. 1« 

Besause of the high<*• value the point cannot represent minimum cost, only point 
Pj. /oC<= 0.40, 0.32, C *> 33.52 FtAg/. Thus this is the composition representing
minimum oost / ^  = 0.975 - 0.40 - 0.32 = 0.255/.
Accordingly, 100 kg emulsion is compossd as follows:

lean beef 4 0 . 0  kg
bacon 32.0 kg
water 25.5 kg

additives /salt, seasoning,
n o l y p h o s p h a t a / 2 . 5  k g

Total 100.0 kg
For the sake of simplification the calculations were related to 1 kg or 100 kg 
emulsion. The calculation is easier to survey if we say that 100 kg of emulsion glvS
98.04 kg final product, than if 102 kg goods. Theequation d', shown in Fig. 1, may b°
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nogloctod, since it in below point.! 1’0 and P^ marking nariwura or minimum addition of 
water, respectively. This neons tint in this case only 75,6 vmtor nay be added 
instead of GO became of limiting condition b.
The expansion of the syotom of equations by accounting for the dinposionof the chenical 
compooition ia not included in thia pap r and ia publiahed elsewhere /¡iormend?/ and Erdos 
1977; Koraondv. Erdos. Zulcdl 1979/. However, it Id to emph^oiise that the conditional 
equations do not reman! linear in this case and the matemntical aolution is therefore 
more dificult and should be computerized.
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