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High price pres s u re a nd  a ccord ingl y  s m a l l  m a r-
gins  f orce t he prod u cers  of  t he f ood  ind u s t ry  t o 
cons t a nt l y  opt im iz e t heir prod u ct ion proces s es .  
A t  t he s a m e t im e, t he s ens ory  q u a l it y  of  t he prod -
u ct s  m u s t  b e s ecu red  a nd  im prov ed .  T hes e t w o 
ob j ect iv es  ca n b e b rou ght  in ha rm ony  b y  a n ef f i-
cient  experim ent a t ion w it h s t a t is t ica l  experim ent a l  
d es ign t echniq u es .  T his  m et hod ol ogy  is  f or in-
s t a nce u s ed  f or t he prod u ct ion of  T il s it er chees e.  
I n the co ncrete case, the m aterial  co nsum p tio n nec-
essary  f o r the cheese p ro ductio n sho ul d b e l o wered. 
Fo r this p urp o se, sal ting  was ex am ined, nex t to  o ther 
p ro cessing  p hases. O ne had to  determ ine the inf l u-
ence o f  sal t b ath p aram eters – such as N aC l  co ntent, 
p H  v al ue, tem p erature and sal ting  duratio n – o n the 
m ass l o ss as wel l  as o n the increase o f  the o v en-dry  
m ass. T hereb y , q ual ity  standards had to  b e satisf ied 
acco rding  to  the cheese reg ul atio ns. T he resul ts o f  
the senso ry  tests were indicated b y  a to tal  sco re ( see 
T ab l e 1 ) . T he g o al  o f  the anal y sis was to  determ ine 
the co m b inatio n o f  the f acto rs o f  inf l uence f o r which 
the m ass decrease is m inim al  whil e the senso ry  
ev al uatio n o f  the cheese is as hig h as p o ssib l e. 

Factor U n i t V ari ati on  
f ro m  to  

N aC l  co ntent % 1 6  2 2  
p H  v al ue – 4 .8  5 .4  
T em p erature  ° C  1 5  1 8  
Sal ting  duratio n  h 2 0  4 4  
V ari ab l e  U n i t   
M ass l o ss k g    
O v en-dry  m ass increase %   
Senso ry  sco re –   

Table 1.  R es p o n s e v ar i ables  an d  f ac t o r s  c o n s i d er ed .  

 
F i g u r e 1.  M as s  lo s s  as  a f u n c t i o n  o f  N aC l c o n t en t ,  p H  v alu e 
an d  s alt i n g  d u r at i o n .  Th e “ j o y s t i c k ”  en ables  t o  r ead  t h e p r e-
d i c t ed  r es p o n s e v alu es  f o r  v ar i o u s  f ac t o r  s et t i n g  c o m bi n at i o n s .  

Fo r ex p erim ental  desig n and anal y sis, the so f tware 
Stav ex  f ro m  A I C O S T echno l o g ies was used. T his 
statistical  p ro g ram  has b een sp ecif ical l y  dev el o p ed 
f o r ex p erim ental  desig n in the l ab o rato ry  and in p ro -
ductio n. Stav ex  p ro p o ses ex p erim ental  desig ns ac-
co rding  to  the user inp uts and sub seq uentl y  anal y ses 
the resul ts. 

Suitable experimental designs 
Fo r deal ing  with the p ro b l em , the user m ust f irst enter 
resp o nse v ariab l es and inf l uence f acto rs, the l atter 
with their resp ectiv e rang e o f  v ariatio n ( o r f acto r l ev -
el s) . Q ual itativ e and q uantitativ e inf l uence f acto rs and 
resp o nse v ariab l es are p erm itted. I n the p resent case, 
al l  o f  them  are q uantitativ e. Furtherm o re, an o p tim iz a-
tio n directio n ( m ax im iz atio n, m inim iz atio n, targ et v al ue 
o p tim iz atio n)  can b e sp ecif ied f o r each resp o nse v ari-
ab l e. H ere, a m inim um  m ass decrease and o b v io usl y  
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a maximal sensory score are desired. For more com-
p lex exp eriments, f urth er op tions are available, e.g. 
th e sp ecif ication of  mixture f actors, multip le-f actor 
restrictions as well as blocked exp eriments. 
O n th e basis of  th ese inp uts, th e sof tware determines 
suitable exp erimental designs. An imp ortant criterion 
is th ereby th e number of  f actors sp ecif ied:  f or a given 
number of  exp eriments, th e individual f actor inf luence 
can be examined more p recisely if  f ewer f actors are 
p resent. T h e sof tware th eref ore suggests in case of  
many f actors a so-called screening, and in case of  
f ew f actors an op timiz ation. T h e screening enables a 
rough  estimation of  th e f actor ef f ect;  on th e oth er 
h and, th e op timiz ation makes it p ossible to determine 
an op timal setting of  th e f actor values. A th ird p ossibil-
ity is called modeling and constitutes a middle course 
th at is used above all f or th e analysis of  interactions 
between th e f actors. 
I n th e concrete case f our f actors are p resent, and th e 
examination of  th e interactions is of  p articular interest. 
T h eref ore th e sof tware suggestion, modeling, is ac-
cep ted. From th e list of  th e suggested exp erimental 
designs, a so-called f ull f actorial design with  1 6  runs 
was selected. T h e users decided to p erf orm th is p lan 
altogeth er th ree times, so th at a total of  4 8  results 
was obtained f or 1 6  combinations of  th e f actor levels. 

Analysis and interpretation 
T h e analysis of  th e results is p rovided as a clear and 
understandable rep ort in H T M L  f ormat and is illus-
trated by numerous grap h ics. T h e user obtains th e 
signif icant ef f ects of  th e inf luence f actors on th e re-
sp onse variables, th e regression f unctions and th ose 
exp erimental conditions f or wh ich  th e resp onse vari-
ables reach  th eir op timum. T h e sof tware of f ers many 
additional tools f or th e evaluation of  th e analysis:  
measures of  th e model q uality, outlier investigation 
and th e examination of  model h yp oth eses. I n case of  
modeling, th e sof tware carries out an automatic f actor 
selection:  f actors th at p rove non-signif icant are re-
moved f rom th e regression model. 
T h e analysis p erf ormed h ere sh ows th at all f actors 
are of  imp ortance f or th e mass loss. Furth ermore, 
th ere are interactions between th e f ollowing p airs of  
f actors:  N aC l content / p H  value, N aC l content / tem-
p erature, p H  value / salting duration, temp erature / 
salting duration. A limited mass loss is to be obtained 
with  a low N aC l content, a low p H  value, a h igh  tem-
p erature and a long salting duration. T h e model diag-
noses indicate an altogeth er adeq uate statistical 
model. 
For th e interp retation of  th e results, grap h ics are very 
usef ul. Figure 1  sh ows th e mass loss as a f unction of  
th ree of  th e f our f actors, th e f ourth  f actor ( temp era-
ture)  being set to a f ixed value ( h ere:  1 8 .0° C ) . T h e  
 

 
F ig u r e  2.  M a s s  l o s s  ( b l u e  l in e s )  a n d  s e n s o r y  s c o r e  ( r e d  
l in e s )  d e p e n d in g  o n  N a C l  c o n t e n t  a n d  s a l t in g  d u r a t io n .  T h e  
r e p r e s e n t a t io n  w it h  o v e r l a id  c o n t o u r  l in e s  e n a b l e s  t o  e v a l u -
a t e  s im u l t a n e o u s l y  s e v e r a l  r e s p o n s e  v a r ia b l e s .  

analysis of  th e sensory score also sh ows a signif icant 
inf luence of  all f actors. R egarding th e interactions, 
only th at between temp erature and salting duration is 
not signif icant. L uckily, one ach ieves under similar 
conditions good results f or both  sensory examination 
and mass loss, as sh own by Figure 2 :  salting duration 
and N aC l content sh ould be set low. T h e temp erature 
h as a relatively small inf luence on th e mass loss. O nly 
th e p H  value beh aves antagonistically regarding th e 
two resp onse variables. T h e results of  th e oven-dry 
mass increase are similar to th ose of  th e mass loss. 


