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Jw° o f the most common com pla in ts rece ived by m anufacturers o f beefburgers and f la ke d  and formed products in  the 
concern the  appearance o f the cooked p rod u c t. F i r s t ly ,  shrinkage in  p lana r dimensions suggests to  the 

i n;jun’er a sm a lle r p o rt io n  than expected; w eight loss  may not be extreme s ince the product fre q u e n tly  increases 
he igh t ( 'd o m in g ') .  The problem is  g re a te r w ith  f la ke d  and formed p roduc ts , s ince  id e a lly  the cooked shape o f 

Formed meats should be comparable to  th a t o f a whole-muscle c u t .  Secondly, punctu ring  the cooked product can 
ease copious f lu id  ( 'w e l l in g ' )  which is  considered u n s ig h tly .  We re p o rt two experim ents aimed a t assessing 

red r e la t iv e  e f fe c ts  o f some processing fa c to rs  thought to  c o n tr ib u te  to  these problems, and the  e f fe c ts  o f 
ana C^niJ added fa t  and sodium c h lo r id e .  The approach was one o f  i n i t i a l  screening to  id e n t i f y  im portan t fa c to rs ,  
ncl in  p a r t ic u la r  to  determ ine any 2-way in te ra c t io n s .

■^fierimental

^ S T -ircent 1 -  One 280 kg batch o f a com m ercia lly-produced reformed steak mix was d iv id e d  in to  8 approxim ate ly  
Rual samples im m e d ia te ly  a f te r  b lend ing  and a l lo t te d  randomly to  tre a tm e n t. P a tt ie s  (approx im ate ly  114g) were 

us^ d  from each sample on in d u s t r ia l  fo rm ing machines o f  comparable th roughput but d i f fe re n t  make and design, 
rrn,111? moulds shaped as shown in  F igure  1. A ll p a t t ie s  were frozen  in  a l iq u id  n itro g e n  tunnel (20 m le n g th , 660 

w id th ; A ir  p roduc ts , C hesh ire , UK). The trea tm ents  w e re :- de lay between b lend ing  and form ing (none; formed as 
m as poss ib le  a f te r  b lend ing : 35 m inutes; held a t -2°C fo r  a t le a s t 35 m inutes between b lend ing  and fo rm in g ), 
t eKe o f p a tty  form er (Former 1, Former 2 ) ,  and e ffe c tiv e n e s s  o f fre e z in g  ( e f fe c t iv e ,  in e f fe c t iv e :  ta rg e t 
f  mPeratu re  a t core o f product on le a v in g  fre e z in g  tunne l <-10 °C and >-5 °C re s p e c tiv e ly )  using a 2 x 2 x 2 

* ° r i a l  des ign . The o rde r o f fo rm ing and d e ta i ls  o f fre e z in g  are shown in  Table 1. Core tem perature was 
ove uTed on one Pa t t -Y from each trea tm ent as i t  l e f t  the  fre e z in g  tu n n e l.  P a tt ie s  from a l l  trea tm ents  were held 

e rn ig h t a t -20 °C, packed in  p a irs  and tra n sp o rte d  under r e f r ig e ra t io n  to  the la b o ra to ry .

f^ |£ im e n t_ 2  -  The experim ental design was a h a lf  re p lic a te  o f  25 (25" 1) (Cochran and Cox, 1968). The f iv e  
tomh°rS and t h e i r  h igh and low le v e ls  are shown in  Table 2, in  the s ty le  o f Hunter and H o ff (1967). The 

"'“ 'n a t io n  o f  fa c to rs  to  g ive  s ix te e n  trea tm ents  was accord ing to  Cochran and Cox, (1968).

(ja es (27 kg) o f frozen  beef fo re q u a rte r  were e q u ilib ra te d  to  tem peratures requ ired  a t prebreaking over a s ix teen  
bod p e rio d - Other meat in g re d ie n ts  were m echan ica lly  recovered beef (11% a d d it io n  to  a l l  fo rm u la t io n s ), and beef 
in t^  fa t  ( ac*ded a t 12.5% a t the  expense o f fo re q u a rte r  to  h igh fa t  fo rm u la t io n s ). Meat was bandsawn, weighed 

0 approxim ate ly  68 kg batches, and prebroken by g r in d in g  through a 35 mm p la te  on a V a lia n t g r in d e r (W olfk ing

Table \ . Experiment 1 :- Delay before  form ing and observed tem peratures on leav ing
fre e z in g  tunnel , arranged by o rde r o f form ing

•^Êatment

Delay between b lend ing  and form ing 
(m inutes) Temperature a t core 

o f product
Target Actual Former Target Observed

(A) !
0 12 1 <-10 -11 .6

2 0 14 2 <-10 -8 .5
(B) 3

0 20 1 >-5 -6 .04 0 27 2 >-5 -3 .4
5 35 36 1 >-5 -7 .06 35 37 2 >-5 -5 .8

(A) 7 
8

35 43 1 <-10 -14 .3
35 45 2 <-10 -5 .0

te S :~ (A) Maximum d e liv e ry  o f cryogen to  tunnel 
(B) Reduced d e liv e ry  o f cryogen to  tunnel

Table ? c
• Experiment 2: Factors assessed and t h e i r  le v e ls

Factor

e,nPerature at pre-breaking

e9ree of comminution 

toiouunt o f fa t  in  f in a l  product ( ta rg e t)

° Unt o f added s a lt  in  f in a l  product ( ta rg e t)

ending time

High le v e l (+) 
»

-3 °C 

coarse 

20%

1%

12 m inutes

Low le v e l ( - )

-6 °C

fin e

15%

0.5%

6 m inutes
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F igure  1 Shape o f uncooked p a t t ie s ,  and s ite s  
used fo r  measurement. Heights 1, 2 and 3 were 
e q u id is ta n t along an im aginary m id lin e . The 
base (L2) is  de fined  as the leng th  o f the 
com para tive ly  s t ra ig h t  reg ion on the  perim e te r 
o f the p a tt ie s  (more marked in  p a t t ie s  from 
Former 2 ) ,  and w id th  2 (W2) was taken 
p e rp end icu la r to  the  base a t the  narrow end o f 
the p a t t ie s .  Width 1 (Wl) was taken p a ra lle l to  
w id th  2 a t the longest dimension in  th is  
o r ie n ta t io n .  The longest ax is  (L I)  was a c tu a lly  
about 15° o f f  being p a ra lle l to  the base. Marking 
o f a l l  s ite s  was standard ised  using a tem p la te .

Danmark A/S, S lag e lse , Denmark). Meat intended 
fo r  f in e  comminution requ ired  an a d d it io n a l pas5, 
through a 10 mm p la te .  Prebroken meat was flake 
using a Com itro l model 3600 (Urschel C om itro l, 
V a lp a ra iso , USA) through e ith e r  a 2-K-030240D 
(240; coarse comminution) o r 2-K-030120D (120; 
f in e  comminution) head. Meat in g re d ie n ts  were 
t ra n s fe rre d  to  a b lender (A lite c n o  IP100, 36016 
Thiene, I t a ly )  and seasoning (0.6% ), s a lt  (1% ° r
0.5% ), and water (1%) were added. Mixes were 
blended fo r  6 o r 12 m inutes. A ll blends were 
formed using Former 1 o f the  f i r s t  experim ent. 
The p a tt ie s  were frozen  im m ediate ly in  a l iq u id  
n itro g e n  tunne l and tra n sp o rte d  under 
r e f r ig e ra t io n  to  the la b o ra to ry .

P a tt ie s  were cooked from frozen  using a 
s tandard ised g r i l l i n g  procedure. P a ttie s  were 
marked using a tem p la te  as shown in  F igure  1.
The i n i t i a l  p lana r dim ensions, com prising two 
leng th  measurements ( lo ng e s t a x is , and base) . 
and two w id th  measurements (w id th  1 and w id th  2) 
and i n i t i a l  he igh t a t th re e  equispaced p o s itio n 5 
(h e ig h t 1, 2 , 3) were measured.

P a tt ie s  were cooked from frozen in  batches o f 4 
(2 p a t t ie s  x 2 trea tm en ts ) fo r  14.5 minutes 
w ith  the  upper su rface  i n i t i a l l y  approxim ately 
55 mm beneath a pre-heated 2.7 kW ra d ia n t heat

g r i l l  o f a domestic e le c t r ic  cooker. E igh t p a t t ie s  were cooked per tre a tm e n t, and each was tu rned  4 tim es dur 
cooking . Cooked p a tt ie s  were t ra n s fe rre d  to  funne ls  a ttached to  25 ml measuring c y lin d e rs ,  each apparatus 
preweighed, and f lu id  released on punc tu ring  c o lle c te d  in  the  funnel and c y lin d e r  fo r  2 m inutes. P a tt ie s  were 
removed, each apparatus reweighed and the  w eight o f f lu id  released ca lc u la te d  by d if fe re n c e . Cooked p a tt ie s  w 
weighed and le n g th , w id th  and he igh t measurements taken a t the a p p ro p ria te  marks.

R esu lts . -s
The experim ental designs do not a llow  comment on main e f fe c ts  when they are invo lved  in  s ig n if ic a n t  in te ra c t^ 5 
as the new va riance  r a t io  would be based on one degree o f freedom in  both cases. R esu lts quoted are average

values fo r  the e f fe c t  c ite d ,  across a l l  o th e r fa c to rs .  The ta b le s  show on ly  changes to  the base, w id th  1 and 
h e ig h t 2. Complete re s u lts  w i l l  be presented elsewhere.

Terms used in  expressing re s u lts  'S h rinkage ' re fe rs  to  comparative red u c tio n  in  any or a l l  o f the p lanar
dimensions (shrinkage 

o r a l l  p o s it io n s  (doming = mean

100-mean (cooked dimension ))
( i n i t i a l  dimension ) ) , 'dom ing' means comparative increase  in  he igh t at apy

( cooked he igh t
( i n i t i a l  h e ig h tx 100j "  1 ° ° ; > and 'd is t o r t io n '  in c ludes both shrinkage and domi

'W e llin g ' means w eight o f f lu id  (g) c o lle c te d  on p u n c tu rin g .
'Cooking lo s s ' = 100 -  mean (c ooked w eight + w eight o f f lu id  )

( i n i t i a l  w eight )

i n9‘

Experiment 1 .
Actual delays between b lend ing  and fo rm ing , and observed tem peratures a t core o f one p a tty  on e x it  from the 
fre e z in g  tunne l are shown in  Table 1. P a tt ie s  formed a t le a s t 35 m inutes a f te r  b lend ing  and in tended fo r  • 
e f fe c t iv e  fre e z in g  (those o f trea tm ents  7 and 8) were produced 31 m inutes a f te r  the o therw ise  corresponding 
p a tt ie s  formed as soon as poss ib le  a f te r  b lend ing  (trea tm en ts  1 and 2 re s p e c t iv e ly ) ,  w h ils t  p a t t ie s  formed at 
le a s t 35 m inutes a f te r  b lend ing  and in tended fo r  in e f fe c t iv e  fre e z in g  (trea tm en ts  5 and 6) were made on ly 16 ° r 
10 m inutes a f te r  the  corresponding ones made as soon as p o ss ib le  a f te r  b lend ing  (trea tm en ts  3 and 4 
re s p e c t iv e ly ) .  Temperatures observed in  the  te s t  p a t t ie s  were considered s u f f ic ie n t l y  c lose  to  t h e i r  targets> 
w ith  the  exception o f Treatment 8 .

Selected means are shown in  Table 3 accord ing to  tre a tm e n t, and the le v e l o f s ig n if ic a n c e  o f each main e f fe c t  an 
a l l  p rim ary in te ra c t io n s  are shown in  Table 4.

Table 3. Experiment 1: Mean changes in  se lec ted  dimensions and w e llin g

Former 1 2

Delay between b lend ing  
and form ing (m inutes)
E ffe c tive n e ss  o f fre e z in g  (a) + - + - + - + -

Treatment number (by o rde r) 7 5 1 3 8 6 2 4

Shrinkage Base (%) 30 31 35 32 28 29 27 27
Width 1 (%) 15 21 22 20 14 14 16 14

Doming Height 2 (%) 23 31 41 33 12 14 8 9
W elling Weight o f f lu id  (g) 3.1 6.7 3.3 6.4 2.0 1.6 1.6 1.2

(a) + = e f fe c t iv e  fre e z in g , -  = in e f fe c t iv e  fre e z in g
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|jl£ lnkaqe o f the base, w id th  1 and w id th  2 was g re a te r in  p a t t ie s  from Former 1 (32%, 19% and 18% re s p e c tiv e ly )  
han those from Former 2 (28%, 15% and 13% re s p e c t iv e ly ) .  P a tt ie s  formed as soon as poss ib le  tended to  sh rink  

,0re in  w id th  than those delayed 35 m inutes between b lend ing  and fo rm ing , the e f fe c t  being s ig n if ic a n t  in  w id th  2 
! n° delay = 18%, 35 m inutes de lay = 14%). The e f fe c t  o f  delay between b lend ing  and form ing on shrinkage in  
eri9th depended on the  form er used but the magnitude o f th is  e f fe c t  was small (w ith in  3% d if fe re n c e ) .  E f fe c t iv e 
' s  o f fre e z in g  in te ra c te d  s ig n i f ic a n t ly  w ith  delay between b lend ing  and form ing to  in flu e n c e  shrinkage a t w id th  

.* shrinkage was g re a te r in  p a t t ie s  formed as soon as poss ib le  (19%) than those delayed a t le a s t 35 m inutes 
etween b lend ing  and form ing (14%) i f  frozen e f fe c t iv e ly ,  w h ils t  in e f fe c t iv e  fre e z in g  caused 17% shrinkage 
rre spec tive  o f d e la y . A ll p a t t ie s  shrunk com para tive ly  more in  leng th  than they d id  in  w id th .

SSEiHg. was m ain ly  in flu e n ced  by an in te ra c t io n  between the  form er and delay between b lend ing  and fo rm ing . Doming 
1 he ight 2 increased in  the order-Form er 2 , no delay (8%); Former 2, 35 mins de lay (13%); Former 1, 35 mins

(27%); Former 1, no delay (37%), ( le a s t  s ig n if ic a n t  d if fe re n c e  - 1sd - = 5%) and th is  order o f in c reas ing  
0n>ing was a lso  found a t he igh t 1 and he igh t 3.

depended on an in te ra c t io n  between form er and the e ffe c tiv e n e s s  o f fre e z in g . E f fe c t iv e  fre e z in g  o f 
Pa tties from Former 1 reduced w e llin g  markedly ( e f fe c t iv e  = 3 .2  g, in e f fe c t iv e  = 6.6 g ) ,  but s l ig h l t y  increased
e' l in g  in  p a t t ie s  from Former 2 ( e f fe c t iv e  = 1.8 g, in e f fe c t iv e  = 1.4 g) ( ls d  = 1.4 g ) .

f i l in g  loss  -  p a t t ie s  from Former 2 lo s t  more w eight du ring  cooking than those from Former 1 (27.4% and 22.6%, 
a s p e c tiv e ly ) .  P a tt ie s  formed as soon as p o ss ib le  and frozen  e f fe c t iv e ly  lo s t  3-4% more w eight du ring  cooking 
han a l l  o the r trea tm e n ts .

fefigTiment 2 .
he le ve l o f s ig n if ic a n c e  o f im portan t main and prim ary in te ra c t iv e  e f fe c ts  is  shown in  Table 5. Only those 
acto rs  o r in te ra c t io n s  w ith  a t le a s t one s ig n if ic a n t  e f fe c t  as good as P<.01 are shown.

-|^£lhkaqe -  p a t t ie s  w ith  the h ighe r le v e l o f fa t  shrank more than those w ith  the lower le v e l o f f a t ,  the e f fe c t
e in9 more marked w ith  0.5% s a l t .  F in e ly  comminuted p a tt ie s  tended to  sh rin k  more in  le n g th  than those coa rse ly  
omminuted the  e f fe c t  again being more marked w ith  0.5% s a lt  (eg longest a x is : f in e  = 35%, coarse = 30%) than 1% 

(eg longest a x is : f in e  = 30%, coarse = 28%). In  ge n era l, p a t t ie s  w ith  0.5% s a lt  shrank more than those w ith  
*• This e f fe c t  was more n o tice a b le  w ith  meat prebroken a t -3 °C than w ith  meat prebroken a t -6 °C, and w ith  

"A tt ie s  o f h ighe r fa t  con ten t than low e r.

-jSSing. was in flu e n ced  p r im a r i ly  by th e  degree o f comminution, but not in  a sim ple manner. Coarsely fla ke d  
¡ je ttie s  domed more a t he igh t 1 than f in e ly  fla k e d  p a tt ie s  (coarse 48%, f in e  39%), but le ss  a t h e ig h t 2 (coarse 

f in e  54%) and h e ig h t 3 (coarse 43%, f in e  50%). F in e ly  fla ke d  p a tt ie s  w ith  0.5% s a lt  were p a r t ic u la r ly  domed 
1 he igh t 2 (59%) and h e ig h t 3 (56%).

iteiiCOl
(3ppmminution.-------  In  o rde r o f  in c rea s in g  w e llin g ,  trea tm ent e f fe c t  was: prebreak tem perature -3 °C, f in e  comminution
( j 'h  9 ); prebreak tem perature -6 °C, coarse comminution (4 .0  g ) ;  p re-break tem perature -3 °C, coarse comminution 

9 ); p re-break tem perature -6 °C, f in e  comminution (5 .6  g: ls d  = 1.5 g ).

Cooking lo ss  fo r  p a t t ie s  w ith  the  h igh le v e l o f fa t  was 29%, and 23% w ith  the  low le v e l.  P a tt ie s  
lo s t  24% d u ring  cooking , those w ith  0.5% s a l t  lo s t  28%. P a tt ie s  coa rse ly  comminuted tended to  lose 

(D' - , wei 9h t du ring  cooking than those f in e ly  comminuted, the  e f fe c t  depending on the  tem perature o f prebreaking 
ebreak tem perature -6 °C; f in e  = 26%, coarse = 26%; prebreak tem perature -3 °C; f in e  = 30%, coarse = 24%).

t j D.2 experim ents have looked a t s p e c if ic  examples o f v a r ia t io n  fo r  each o f the main u n it  ope ra tions used in  the 
4pd manL1̂ actL iring  o f  UK s ty le  fla k e d  and formed beef p a t t ie s  ( 're fo rm e d  s te a k s ') .  A lthough i t  w i l l  be 
conf*Ciatecl tb a t  de ta i l s ° f  raw m a te r ia ls  and manufacture fo r  Experiment 1 cannot be given because o f commercial 
toge^{jent i a l i t y ,  they are s u f f ic ie n t l y  c lose  to  those o f Experiment 2 to  be able to  d iscuss both se ts o f re s u lts

are Causes o f d is to r t io n  and w e llin g  have been shown to  be h ig h ly  in te ra c t iv e .  This exp la in s  why the problems 
Una n° f  easy to  c o n tro l in  p ra c t ic e ,  s ince in te ra c t iv e  sources o f v a r ia b i l i t y  would be d i f f i c u l t  to  id e n t i f y  
dj ®r the co n d itio n s  o f commercial p rocess ing . E q u a lly , few recommendations can be made th a t  w i l l  m inim ise 

T b rtio n  o r w e llin g  because each process should be considered in  i t s  e n t i r e ty .

pia 9re a te s t s in g le  in flu e n c e  was the  form er used (Experiment 1; see Table 4 ) .  Both machines use re c ip ro c a tin g  
d i f f es f ° r  the  f in a l  stage o f fo rm in g , but o therw ise  d i f f e r  in  too  many ways to  be able to  separate c ru c ia l 
pat ®rences from inconsequen tia l ones. O r ie n ta tio n  o f gross connective  t is s u e  was v is ib le  on the  surface  o f 
that S’ but the d'i r e c t 'ion o f  o r ie n ta t io n  w ith  respect to  marked axes was d if fe re n t  in  p a t t ie s  from Former 1 
P if f  Seen ^  p a t t ie s  from Former 2 . Shrinkage w i l l  be g re a te s t in  the  d ire c t io n  o f th is  o r ie n ta t io n ,  and so some 
ar i  e rence in  d is to r t io n  caused by the  two form ers m ight be exp la in e d . I t  is  not y e t c le a r  how th is  o r ie n ta t io n  

es> o r i f  i t  is  im portan t in  de term in ing  doming or w e llin g .

a l l
to

inev- M [ne le ve ls  0T severa l ra c to rs  increased cooking losses. Keauction in  volume tnrougn cn is  mecnanism 
domi1 tab**y confuses the  e f fe c ts  o f d is to r t io n ,  but in  general fa c to rs  causing g re a te r shrinkage a lso  increased 
b6sl n9* C ontrary to  e x p e c ta tio n s , increased doming was not always accompanied by increased w e llin g ;  th is  can b 

seen by c o n tra s tin g  the values fo r  doming and w e llin g  in  Table 3.

n i j ^ ^ t u r e r s  w i l l  u s u a lly  s p e c ify  the degree o f  comminution and le v e ls  o f f a t  and s a lt  fo r  every product they 
ip but unacceptable v a r ia b i l i t y  s t i l l  o ccu rs . Assuming comminution, fa t  and s a lt  to  be co n s ta n t, v a r i a b i l i t  

's to r t io n  in  p a t t ie s  from Former 1 could a r is e  from p o o rly  c o n tro lle d  tem perature a t p re -b re a k in g , o r
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d if fe re n t  delays between b lend ing  and fo rm ing . The magnitude o f th is  la t t e r  e f fe c t  was unexpected. Poor contr° 
over tem perature a t pre-break w i l l  a lso  lead to  v a r ia b i l i t y  in  w e ll in g ,  and inadequate fre e z in g  w i l l  increase the 
amount o f f lu id  re leased . 'O verw orking ' (u s u a lly  taken to  mean excessive b lend ing) is  g e n e ra lly  thought by 
in d u s try  to  be a cause o f d is to r t io n ,  but b lend ing  tim e was the le a s t im portan t processing fa c to r  in  Experiment
2. However, th e re  is  l i t t l e  reason to  suppose th a t the im portan t fa c to rs  id e n t i f ie d  fo r  Former 1 are universal”  
im p o rta n t.

Fine comminution led  to  g re a te r shrinkage in  leng th  and increased doming a t two p o s it io n s .  Jones e t al (1985) „ 
no tice d  a tendency fo r  increase in  th ickn e ss  du ring  cooking o f beefburgers to  be re la te d  to  co llagen  con ten t ( r '
0 .4 ) .  Cuts w ith  high co llagen  con ten t are l ik e ly  to  be more f in e ly  comminuted, and i t  is  p o ss ib le  th a t Jones et 
al (1985) were observing an e f fe c t  o f comminution ra th e r than co llagen  con ten t per se .

We were in te re s te d  in  the e f fe c ts  o f reducing added fa t  and s a l t ,  in  view o f c u rre n t concern about le v e ls  o f botj 
in  meat p roduc ts . The lower le v e l o f fa t  caused less shrinkage and le ss  doming. Thus reducing fa t  w i l l  probabO 
lead to  less  d is to r t io n .  On the  o the r hand, reducing s a lt  w i l l  tend to  increase d is to r t io n  to  an ex ten t th a t 
w i l l  depend on the process fo llo w e d , p a r t ic u la r ly  w ith  regard to  degree o f comminution and prebreak temperature’

F u rthe r s tud ies  on a s im ila r ly  e m p irica l basis w i l l  be o f on ly  l im ite d  general value since the h igh degree o f 
in te ra c t io n  im p lie s  th a t  re s u lts  obta ined on one system w i l l  not n e ce ssa rily  be a p p lic a b le  to  ano ther. The 
in te ra c t io n s  a lso  demonstrate why many o f the reasons quoted by in d u s try  fo r  p a r t ic u la r  p roduction  problems are 
o fte n  c o n f l ic t in g  and un su bs ta n tia te d . The study has, however, e s ta b lish e d  th a t  more fundamental in fo rm a tio n  ' 5 
req u ire d , p a r t ic u la r ly  on p re -b reak ing  ( fo r  example, the  e f fe c t  o f tem perature on d is t r ib u t io n  o f p a r t ic le  s iz e 
and s tru c tu ra l in te g r i t y )  and the mechanism o f fo rm ing , where a study o f ' f lo w 1 p ro p e rtie s  o f coarse comminutes 
is  e s p e c ia lly  w arranted.
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Table 4 . Experiment 1: Level o f s ig n fica n ce  o f main and prim ary in te ra t iv e  e f fe c ts  

Main E ffe c ts  In te ra c t iv e  E ffe c ts

Former Delay between E ffe c tive n e ss Former Former Delay between
blend ing and o f fre e z in g X X blend ing and
form i ng Delay between E ffe c t i veness form ing x

b lend ing  and o f fre e z in g E ffectiveness
form ing fre e z i ng

Shri nkage Base (%) 
Width 1 [%)

k k k

k k k X (X) k k

Doming H eight 2 (%) X (X) (X) **★ ★
Wei 1i ng Weight o f f lu id (g) x X k k k

*  P<.05; * *  P<.01; * * *  Pc .001
X Main e f fe c t  s ig n if ic a n t (PC0.5 o r b e t te r ) , but s ig n if ic a n t  in te ra c t io n  w ith  a t le a s t one o th e r main e f fe c l
(X) Main e f fe c t  not s ig n if ic a n t  on i t s  own but invo lve d  in  one or two s ig n if ic a n t in te ra c t io n s

Table 5 . Experiment 2: Level o f s ig n if ic a n c e  o f im portan t main and p rim ary in te ra c t iv e  e f fe c ts

Main e f fe c ts  In te ra c t iv e  e ffe c ts

Degree o f Amount Amount Prebreak temp Prebreak temp Comminution Fat 
Comminution o f  Fat o f S a lt x x x x

Comminution S a lt S a lt S a lt

Shrinkage Base (%) X k k k X k k k

Width 1 (%) X X
Domi ng H eight 2 (%) X X X k k k

W elling Weight o f 
f lu id  (g) (X) (X) ■kick

See Table 4 fo r  d es igna tion  o f symbols.
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