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Introduction

Processing meat into products frequently involves comminution and blending 
operations which may be followed by a heating stage to cook or s ta b il is e  the 
product. The v a riab le s  which give ind iv idual products th e ir  d is t in c t iv e  
character are numerous. Species, age of the anim al, cut and composition of 
the meat, are to some extent co n tro lla b le , as are addition of w ater, s a l t ,  
polyphosphates, n i t r i t e  and s p ic e s , a l l  of which have important ro le s  in 
product q u a lit y . Factors le s s  re a d ily  con tro llab le  are events associated 
with s lau gh ter, c h i l l in g ,  conditioning and frozen storage, and those 
a ttrib u tab le  to l iv e  animal s tre ss  causing gross d iffe rences in meat 
s tru c tu re . V ariation  in quantity and q u a lity  o f ingredients and se v e r ity  of 
process are l ik e ly  to a ffe c t  y ie ld ,  n u tr it io n a l va lu e , sh e lf l i f e  and the 
physical and sensory c h a ra c te r is t ic s  of the product. Hence, accurate 
p red iction o f the consequences o f the events associated with carcass 
treatment and product composition could re su lt  in improvements in processing 
procedures and increased economic e f f ic ie n c y .

To study some of these in te ra c t io n s , the co lo u r, shear and cooking lo s s , o f a 
meat product were used to create mathematical models. The p rincipal 
advantage o f using models in such mixture experiments is  that they provide 
estim ates of the properties o f the e n tire  system from only a lim ited  number 
of observations (C o rn e ll, 1973). In p ra c t ice , there is  u sua lly  a s p e c if ic  
area of in te re s t w ith in the system which can be defined . Models based on 
lin e a r  equations take no account o f in te ra c t io n s ; inc lu sion  of square terms 
are necessary fo r two way in te rac tio n s  and cubic terms fo r those w ith in  the 
boundary of the model. A comparatively simple but elegant solution using 
polynomial models fo r 3 component m ixtures (P la c k e t t , 1963) was devised by 
Sheffe (1963). The basis fo r th is  special cubic model is  a simplex centroid 
design o f a sym etrical arrangement o f points in  a t r ia n g le . I t  has the 
property that the c o e ff ic ie n ts  o f the model can be ca lcu lated  even though the 
major constituents in the m ixture are themselves m ixtu res . Examples of such 
models are i llu s t ra te d  for food form ulations by Hare (1974) and th e ir  use 
fu l ly  discussed by Cornell (1981).

This paper reports the re su lts  of three s p e c if ic  ob jectives which were: (a) 
to assess the e ffec tiveness  o f the special cubic model (S h e ffe , 1963) for 
m ixtures of the three main components o f meat products, i . e .  m uscle, fa t and 
water, (b) to te s t  the e ffe c t o f s truc tu re  changes 1n the raw meat by varying 
the post-slaughter c h i l l in g  regime, (c ) to quantify the in te ra c t iv e  e ffe c ts  
o f modifying s a lt  and polyphosphate concentrations, e sp e c ia lly  on water 
holding and texture  p ro p erties , using a cen tra l ro tatab le  design (Cochran 
and Cox, 1957). This design requires only a small number of observations 
and i s  p a r t ic u lr ly  su itab le  fo r studying the e ffe c ts  o f addition of minor 
q uan titie s  o f components in  a system.

Experimental

M ateria ls The meat used was from shoulders of heavy hogs purchased lo c a l ly  
and slaughtered at the Meat Research In s t itu te .

>
Colour The colour o f the vacuum packed raw homogenates, a fte r  conversi° 
the pigment to n itrosylm yoglobin , and fre sh ly  cut surfaces of the c00 êfli th a 
sausage were measured on a Hunter D25-9 T ristim u lu s  Colorimeter f itte d  w 
D25-A Optical Sensor. The instrument measures d ir e c t ly  in tri stimulus , 
values X , Y , Z from which the psychological colour a ttr ib u te s  lightness ( 
hue angle (H°) and satu ration  (S) can be ca lcu la ted  (Tay lo r and MacDouga * e 
1973). Four re p lic a te  measurements were made on the raw m ixture throug 
Metathene X vacuun pouch and at 4 locations in  each cooked sausage.

Texture The cooked sausages were cut in to  1 cm th ick  s l ic e s  on a Berkel 
e le c t r ic  meat s l i c e r  and shear was measured by the punch and d ie techniQ ^ 
(Segars e t a l . ,  1975) on an Instron Universal Testing Machine. The hole 
the shear p late  was 2.00 cm in diameter w ith .c learance  o f 0.005 cm and t  ̂
v e rt ic a l speed of the punch was 5.00 cm m i n .  Resu lts are reported as 
m" i  based on the maximim force required to shear the d is c . The number 
re p lica te  shears per sausage was 4 .

Resu lts
■Ink bUtThe colour of the raw product a fte r  homogenisation was oxymyoglobin PinM 

during and immediately a fte r  vacuum mixing i t  oxidised to the typ ica l 
metmyoglobin grey brown colour o f the f i r s t  stage 1n curing (MacDouga* re$ 
a l . ,  1975). A fte r vacuum packing and several hours storage the raw mi* 
developed the nitrosylm yoglobin pink colour of cured meat; the low fa t in 
samples were translucent and bacon-like in appearance. Inclusion of T 
the raw mix considerably increased opacity and lig h tn e ss . This a9reeL er 
the ra tio n a le  of the Kubelka-Munk an a lys is  o f absorption and lig h t  scat , 
(Kubelka, 1948; MacDougall, 1983). I f  the low water sample with no a t0f 
fa t (Z l)  is  considered to have a given absorption c o e ff ic ie n t (K) and sc t
c o e ff ic ie n t  ( S ) ,  d ilu t io n  by fa t  w il l  increase S and reduce K with consen 
increase in re flectan ce  (R ) ; K/S = (1 -R T /2 R . The determined t r ls tn ™  1tt) 
value Y between Zl and high fa t  sample Z2 were found to be in agreement 
th is  concept. D ilu tion  of Zl to Z3 with water darkened the raw mixture 0f 
which can be explained by i t s  lower in te rna l transm ittance and d iss ip a jV ,f 
the scattered  l ig h t  w ith in the m a te ria l. On cooking, the range in c°J ^ 
appearance was considerably reduced due to increased sca tte r from dena 
p ro te in .

The consistency of the raw homogenate ranged from a sem iflu id  gel with 
maximum inc lu sion  o f water to a s t i f f  s t ic k y  paste with maximum added 
The textu re  of the cooked sausage ranged from moist and spongy but s t i ^  
cohesive to rubbery and r e s i l l i a n t  as would be expected with inclusion 
s a lt  and polyphosphate.

E ff ic ie n c y  o f m ixture model The three types o f model , l in e a r ,  square an
specia l cubic were compared. Improvement as complexity o f the model gssi0"
increased was assessed by the variance accounted fo r (VAC) by each rCa*J 
equation. There was an improvement of 1 to 2 per cent VAC for each , r0m 8° 
in com plexity. For each a t t r ib u te , except cooking lo s s , the VAC wa* ' aU$e 
to 95 per cen t. The lower VAC fo r cooking lo s s ,  <60 per cen t, was oe 
of the inherent im precision o f the technique.

Improvement from increase in number of observations, assessed by exan^  w*5 
the sum of squares o f the re s id u a ls , showed that the la rg est improvem 
genera lly  from 7 to 13 observations; in some cases there was n e g li?1® be 
improvement from >13 observations. C le a r ly , more precise models wi

C h illin g  Regimes Immediately a fte r  slaughter and d ress ing , the shoulders 
were removed from the warm ca rcasse s , deboned and vacuum packed in 
nylon-polyethylene laminate bags and c h ille d  by immersion in tanks o f wateg. 
The le f t  shou lders, designated " fa s t"  c h i l le d , were held fo r 2 hours at 15 C 
and then transferred  to 0°C (1ce-water m ixture) fo r >20 hours. The rig h t 
shoulders, "slow" c h i l le d , were maintained at 35°C fo r 5 hours, transferred  
to the 15°C tank fo r 18 hours and f in a l ly  brought down to 0°C in ice -w ater. 
For "hot" processing , meat was removed from shoulders and processed before 
the pH of the muscle reached 6 .0 .

Processing The meat was trimmed of excess fa t  and gross connective t is s u e , 
cut into small p ieces , mixed and then ground in a s in g le  pass through an 8 mm 
plate in a Hobart M incer. Pork backfat was s im ila r ly  ground through an 8 mm 
pi a te .

Homogenates o f meat, fa t and water, with the appropriate le v e ls  of sodium 
ch lo rid e , sodium tr1polyphosphate and sodium n i t r i t e  d issolved in the added 
water, were blended using a Robot Coupe R2 Food Processor. Each 1 kg mix 
was blended fo r a to ta l of 60 sec at 3000 rpm divided into three periods of 
15 sec , 30 sec and 15 sec intersperced by manual mixing to ensure uniform 
homogenisation. Two batches were then combined under vacuum in a Winkworth 
Mixer fo r 3 min to withdraw entrained a i r .  The m ixture was stuffed  into 55 
mm diameter fib rous casings and clipped into 3 sausages, 120 to 150 mm in 
length . These were held at +1°C, u n til cooked in fan c ircu la ted  moist a ir  
a t 80°C fo r 1 h in a Rapidaire Cooker,and then cooled to 0°C . The sausages 
were weighed before and a fte r  cooking, and a fte r d iscard ing the casing and 
removal of surp lus l iq u id .

Experimental design

(a ) Sheffe model. The simplex for the meat (M ), fa t  (F ) and water (W)
m ixtures was an eq u ila te ra l tr ia n g le  with ve rt ice s  Zl (0.9M; 0 .0 F ; 0.1W ),
Z2 (0.6M; 0 .3 F ; 0.1W) and Z3 (0.6M; 0 .0 F ; 0 .4W ). Concentrations of
sodium ch lo rid e , sodium tripolyphosphate and sodium n itr ite .in c lu d e d  in the 
fin a l product were 2 per cen t, 0.25 per cent and 200 mg kg” 1 re sp e ct iv e ly , 
values represen tative  of those found in commercial products such as cured 
luncheon meat. Sodium n i t r i t e  was added to e lim inate  possib le problems 
associated with pigment o x idatio n . The minimum number of points to 
construct the special cubic model 1s 7 but th is  has the lim ita t io n  that the 
design does not explore the in te r io r  of the simplex except fo r the cen tro id . 
Therefore a fu rthe r 16 points were also  measured to e stab lish  the r e l i a b i l i t y  
of the model. Of these, 12 were spaced sym etrica lly  w ith in  the tr ian g le  and 
the remaining 4 along the Zl - Z3 edge because of the magnitude o f the 
e ffe c ts  expected from Incorporation of such a large amount of water at Z3.
The design should provide s u ff ic ie n t  observations for the adequacy of the 
f it te d  model to be tested by examining the sum of squares of the re s id u a ls  
due to lack  o f f i t .

(b) Central ro tatab le  model. The le v e ls  of sodium chloride and sodium
tripolyphosphate used to model th e ir  in te ra c tive  e ffe c ts  were 0 to 4 per cent 
and 0 to 0 .5  per cent re sp e c t iv e ly . This design requires 13 p o in ts , 5 at 
the centre and 8 equally  spaced around the circum ference of a c ir c le  on the 
p rinc ip a l and s ta r point axes . The centre of the c ir c le  was therefore 
iden tica l to the centro id o f the m ixture t r ia n g le .

constructed by increasing  observations, but th is  has to be re lated  to f 
experimental e ffo r t  involved . For some s itu a t io n s , 7 observations w 
s u f f ic e .

Meat, f a t ,  water model
gfld

(a ) Fast c h ille d  m uscle. Models of raw and cooked lig h tn e ss , shear 
weight lo s s ,  based on 23 points and constructed from the " fa s t"  chii> gi 
m a te ria l, are shown in Figure 1 . Raw lig h tness (L )  ranged from 45 b]aC* 
which is  v is u a l ly  equivalent to 16 per cent o f the d iffe rence  between 
and w h ite . The d irec tio n  of the contours c le a r ly  confirm the massive 0i 
of increase in  opacity and scattered  l ig h t  from fa t  and the le s se r e i ^  
added water on increasing  translucency . Cooked product L ranged fr  
64, that is  h a lf  that of the raw. Although the contours fo llow  the L i> 
general d irec tio n  as the raw , the modifying in fluence of added water 
p a rt ly  reversed . Z l i s  now sm aller than Z2, the opposite of raw. 
reason fo r th is  can be explained by the d iffe rence  in the re la t iv e  
contribution o f the K and S c o e ff ic ie n ts  before and a fte r  protein 
denaturation on cooking; Z2 i s  darkest raw because o f the extra  wat® cauSe 
increasing  in te rna l transm ittance , whereas i t  is  the lig h te r  cooked 
of lower pigment concentration and high scatte rin g  op ac ity .

■ y ¿fid
Weight lo ss  on cooking was affected  by the fa t  content of the raw m 
a le s se r extent by the quantity of added w ater. The lo ss of H q u y , , 
small compared with the water added, i l lu s t r a t in g  the e ffe c t iv e  bind' 
p roperties of s a lt  and polyphosphate (O ffe r and T r in ic k , 1983). Tn 
point Z3, with 40 per cent w ater, lo s t  only 6 per cent on cooking. . ^
Shear decreased predominantly with added water and to a le s se r exb®n i 0n4 1 
added f a t .  The value halved from 62 to 24 N m 10J  from Zl to U  * 
water edge o f the tr ia n g le  but only to 46 at Z2 on the fa t edge. .  ̂
d irec tio n  of the shear contours was opposite to that of raw and coo 
ind icating  that texture  could not be predicted by measuring product

(b ) Muscle S tructu re . The e ffe c ts  of a lte r in g  muscle structu re  s 
models, e ith e r by extrem ely slow c h i ll in g  or by hot processing were J . 
marked than expected. The most important e ffe c t o f slow c h i l l in g  » doUt)| r  
o vera ll increase in weight lo s s , e sp e c ia lly  a t Z3 where i t  more than in 
Hot processing did not reduce weight lo ss  on cooking and only re su lt  than 
small changes In shear, but both raw and cooked lig h tness was higher _n t' 
slow or quick c h ille d  which may be the re su lt  of possib le d iffe rence* 
em u ls if ica t io n  properties of muscle with high pH. {0

S a lt ,  polyphosphate model The centre of the ro tatab le  model was ch<̂  ^  
be id e n tica l to that of the m ixture t r ia n g le . Shear fo r both 
id en tica l (45 N m” z 1(T) with only a small displacement of the 5 per 
weight lo s t contour. The o ve ra ll raw lig h tness range of the mlxtu 
darker but th is  does not in v a lid a te  in te rp re ta tio n  o f the c i r c le .



Sd716f rdppearanee re lated  to s a lt  concentrations. Above about 1 per cent 
the« cut surfaces were cohesive and sh in y , but approaching zero s a lt♦»»*•«- ■ ■ ■ .. __ ____ i

The

®st th e ir sheen and became matt as the s tructu re  lo s t  i t s  re s il ie n c e
became

models
crunbly.

P0,ypho« k a ,so  clear,y demonstrate the in te rre la t io n sh ip  o f s a lt  and 
from on both textu re  and water lo s s  on cooking. The range in shear
V'ianQU to >50 N "» 103 was s im ila r to the range of the e n tire  mixture
Inc re». I I  wh ilst weight lo ss  decreased from 20 per cent to near n i l  as s a lt  
sl°pe of The in te ra c t ive  e ffe c t  o f polyphosphate with s a lt  i s  seen in the 
cent salt**16 c°ntours fo r both shear and weight lo s s . For example, a t 1 per 

‘  ^3 *» the addition of 0.1 per cent polyphosphate increases shear by 10 N 
equivai dnd decreases water lo ss  by about 4 per ce n t, that is  an e ffe c t 

ent to about 0 .5  per cent s a l t .

used toÛ S in vestig a tio n  confirm that mathematical modelling can be
"ajor ° qVan tify  the physical a tt r ib u te s  In a meat product as affected  by 
cQmmer a r ,ables in processing . The introduction o f the technique in 
Cr**tion pract ic e  would find  immediate ap p licatio n  in new form ulations or
S u l  of-,mul new products. Incorporation of modelling into  le a s t cost 
'"'provail10n Procedures should re su lt  in a detectable and worthwhile 
fc°n0niip??f in Product q u a lit y . At p resent, only a small number of 
ittla  a y important a ttr ib u te s  are included in le a s t cost form ulations and 

°bject. Ccount i s  taken o f the major q u a lity  a t t r ib u te s . Of the three 
the prones 1n th is  paper, that requiring  most fu rth e r work i s  associated with 
used ( P i t i e s  o f the raw meat. The "manufacturing q ua lity" shoulder meat 
Aprel 'ess susceptib le  to changes induced by c h i l l in g  than was expected. 
^ U e ! 1 ?ary t r ia l  t0  assess the e ffe c ts  of s tre ss  s u s c e p t ib ility  a lso 
The SilT  1n l i t t l e  change. Shoulder meat from P ie tra in  pigs did not have 
jjorsi e Pa le , so ft exudative character that obtains in the M. longissimus 
k*used f ma,y be necessary, th e re fo re , to use meat that would not normally: used

•ructur,
- ^ . .H I  J , HIIHI H I VI t  | ww u.H iiivuv  '  .
r° r manufacturing products to model the e ffe c ts  o f extremes o f muscle

The
reported are the p re lim in a rly  analyses o f a la rg er s e t , for 

Tschni0,’ 0n*y T̂ie lig h tness  a ttr ib u te  o f colour i s  described . Modelling 
ar>d Sdr  es w ill be used to re la te  the other psychological a tt r ib u te s  o f hue 

baïpJdtion to product composition. A lso , the e x is t in g  m ixture models are 
lctual ° n composition; supplementary models need to be constructed

Onl
actuai 

X ?ne
composition a fte r  processing .

> t  be ™ethod of assessing the mechanical p roperties 1s reported and care 
; e*ture ex®rc ised in in te rp reting  shear contours as in d ic a t iv e  o f id en tica l 
The nec(J . Further work w il l  attempt to model sensory assessment o f textu re  to

p ro p erties .

b°lypb0.^?nb End ing 1n th is  work i s  the magnitude o f the e ffe c ts  o f s a lt  and 
H°w laro te a t one point re la t iv e  to the meat, f a t ,  water domain examined. 
reniains9? the e ffe c ts  w il l  be when modelled at the ve rt ic e s  o f the tr ia n g le  
c°ntr0i nf be seen* but the re su lts  of modelling at the centre suggest that 
qiJallt y  °* bbese minor Ingredients has tremendous consequences on product

The
‘ ^orm,'°us potential of the use of m odelling, demonstrated in the simple

F ig u re 1 Models o f the in te rac tio n  of meat (M ), fa t  (F) and water (W) on
~  raw and cooked lig h tn e ss , shear and weight lo ss in  a meat product

contain ing 2 per cent s a lt  and 0.25 per cent sodium tr ip o ly -
phosphate.
V e rtices  were: Z1 (0.9M;

Z2 (0.6M; 
Z3 (0.6M;

Raw Lightness (L )

0 .OF ;  0.ÎW ) 
\ 3 F ;  0.1W) 
.O F; 0.4W)

M

Weight Loss (» )

J>STen,
¡ ¡ I t , « “* »  in th is  t r i a l ,  w i l l  be tested in a more complex product, the 
c f f®rentaU5age* wbi cb has a minimum of 6 commonly used ingred ients a l l  with 

Physical and cost c o n stra in ts . Th is w il l  require  the use o f more
ated models.

he b
S * t nr *fl ts of modelling in the meat industry in p a r t ic u la r , and the food 

e of i enera11y could be su b sta n tia l. The increased understanding o f the 
*vings . n9redients with minimun experimental e f fo r t  could re su lt  in  large
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Figure 2 Models o f the in te rac tio n  of sodium ch lo rid e  (NaCl) and sodium
-----------  tripolyphosphate (TPP) on raw and cooked lig h tn e ss , shear and

weight lo ss  in  a meat product o f composition 0 .7  meat; 0.1 f a t ;  
0 .2  water.

Shear (Nnf'IO1) Weight Loss (S)
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