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R u c t i o n

' n a form ^u^ recovery o f meat from bones re tr ie v e s  expensive animal p ro te in  
Products f  lc ^ be e a s ily  and economically incorporated in to  a v a r ie ty  of 
i^wman iQon^uman consumption. The top ic has been extens ive ly  reviewed 
f P ^ s ’on t h 1 * 1983; Froning, 1981; F ie ld ,  1981). Although i ts  composition 
;eaturB ™e nature o f the bones used and method o f recovery, a common
li[>>J e Of mnct -------------J    /unu\ 4.------^ S t  m echanically recovered meat (MRM) is  the in tim ate  mixing of

The presence o f haem pigments
nPid u
¡ffects Pigments, and a ir  during recovery. 
llon ha-L ..................IOn has b r a te . ° t  l ip id  ox idation  (e .g . Moerck & B a ll,  1974) but less a tte n -  
st^ b iiitv - n pa’ d t0  ^ow and a i r  a f fe c t  pigment ox id ation  and colour
Sicken mdu1 a Product  incorporating MRM. I t  is  common in  the UK to s u bstitu te  
c°lour i nt  f<?r  Pork carcass meat in  a range o f products because th e ir  in i t i a l  
9*ti°n p j-^ ^ ^ t ie s  are s im ila r , and p a la ta b i l it y  is  acceptab le. This in ve s t- 
c°l°ur 0f  rnines how s u b stitu tio n  o f b e lly  pork by chicken MRM a ffe c ts  the 

a B ritis h  s ty le  fresh sausage during simulated r e ta i l  d isp la y .

Ifi
fr°*en in tR̂ KWere Produced from chicken bodies using a Protecon MRS 30 and 
f le e te d  t b^0cks 6 cm th ic k  in  a p la te  fre e z e r . A re p lic a te  q u a n tity  was 
p tches and weeks la te r .  On each occasion the MRM was divided in to  three  
a lim e n t  Tstored covered in  polyethylene a t  -18°C fo r  d if fe re n t periods.
?• r coll 1 was used a i t e r  4 days storage, i . e .  as soon as p ra c tic a b le  
w st samDiC tion ’ in  Experiment 11» MRM was used a f te r  8 weeks storage o f the 

used a f t '  and ® weeks storage o f the second; w h ils t in  Experiment I I I ,  MRM 
c °nd (both 31 weeks storage o f the f i r s t  sample, and 29 weeks storage o f 
Urr'entlv • nomin a l ly  7 months). Both samples o f MRM were processed con- 

y Experiments I I  and I I I .

In

. v
head ! em?ered f ?r  24 hours a t  +1°C before use. Fresh pork (sk in lessoca]

"Un, Pror m̂ a t and b ack fa t) was obtained fo r  each experiment from a
Ced th * v !^ n9 P lan t and held fo r  3 days a t  +1°C. B e lly  and headmeat were

^ V s e c i^ fQ ^  a o™ p la te  before use. Headmeat, b e lly ,  and MRM were

lHo<ls

Stages
N t

to ta l pigment (Hornsey, 1956).

form ulation and production

-» I9fi7\6 f 0rmulated to s a t is fy  e x is tin g  UK regu la tions (S ta tu to ry  In s tru -  
6an- T h e ^ ^ - ^  a meat con ten t> a t  le a s t 50% o f which would analyse as

composition o f the sausages is  shown in  Table 1.

Table 2. Haematin concentration in  sausage mixes (pg g "1)

Experiment I Experiment I I Experiment

Control 44.6 64.6 37.4
6% MRM 48.7 59.8 41.5

18% MRM 60.7 68.4 45.4

Changes in appearance

S atu ratio n , hue ang le, and lightness o f sausages on the f i r s t  and la s t  two days 
of d isp lay  fo r  Experiments I ,  I I  and I I I  are shown in  Tables 3 , 4 and 5 
re sp e c tive ly .

Table 3 . Colour o f sausages a t  beginning and end o f d is p la y .

Experiment I

Day o f d isp lay

0 1 6 7
S atu ration (S )

Control 14.4b 14.1b 11.8 10.7
6% MRM 15.1a,b 1 5 .0a,b 12.0 10.6

18% MRM 16.2a 15.9a 12.0 11.0

Hue Angle (H °)

Control 54.5a 52.9 56.4 52.8
6% MRM 53.3a 51.5 57.3 5 3 .3

18% MRM 50.2b 49.3 57.6 54.2

Lightness(L)

Control 63.5a 62.7a 60.7a 60.8a
6% MRM 62.6a 61.5a 59.6a 59.9a

18% MRM 59.9b 59.7b 57.8b 57.6b

For each colour a t t r ib u te ,  means in the same column w ith  d if fe re n t sub-
s crip ts  are s ig n if ic a n tly  d if fe r e n t  (P < 0 .05 ). Least s ig n if ic a n t d iffe re n c e :  
S=1.67 , H°=4.20 , L=1.29 .

Experiment I

I n i t i a l  S increased with s u b s titu tio n , the colour o f the 18% MRM sausages 
being s ig n if ic a n tly  more saturated than the co n tro ls . Sausages w ith  18% MRM 
were s ig n if ic a n tly  redder (low er H°) and darker than the o ther treatm ents.

The colour o f the sausages became less saturated w ith  time (F igure 1 a ). The 
d iffe re n c e  between 18% MRM and control was s t i l l  s ig n if ic a n t on Day 2 but 
there was no s ig n if ic a n t d iffe re n ce  between the sausages w ith  MRM a f te r  Day 3 
The sausages had s im ila r  S values on Days 6 & 7. The changes in  hue angle 
with d isp lay  time were complex showing a small decrease during the f i r s t  two 
days fo llow ed by a marked increase to  a maximum fo r  a l l  treatm ents on Day 6.

.Percentage composition o f sausages.

!n<'^edie

Q p o r i c

Soy^ng 
1s°late 

,Ce'1 »step
1 rated

Lean :fa t ra t io  used 
in  c a lc u la tin g  s u b stitu tio n

60:40
50:50
0:100
70:30

as 90% meat.

Level o f MRM

Control 6% 18%

25 18 4
25 25 25

0 1 3
0 6 .6 19.8
2 .5 2 .5 2.5
2.0 2 .0 2.0

14.0 14.0 14 .C
31.5 31.5 31.5

<?f .pork b e lly  by chicken MRM and backfat was intended to produce 
ijj 19ht J s i m i U .  meat content and f a t  to  lean ra tio s  by an a ly s is . The 
adrtŜ own added was 10% g re ater than nominal because experience in  the UK 

aH i° n -bat MRM usually  analyses as only 90% meat. Both lev e ls  o f MRM 
6 USGC* ™ curren*  commercial p ra c tic e .

RertS° nin<w eS k9) were made in a Kramer Grebe SM3 bowl chopper. The
*dH.2G) an!iCOntainin9 630g kq"1 HaCl, 0 .4  g kg-1 sodium s u lp h ite , 0 .16  g I

..........................................................
kg-1

Mixes were s tu ffed  in to  synthetic  casings 
machine l in k )  using a v e r tic a l p iston f i l l e r  and hand lin ke d .

io n -?  So^a is o la te  were dispersed in  1/4 o f the iced w ater before  
280-2f!je_ot^ r ingredients 

Pi9men-
content o f the fin is h ed  mixes was determined.

’n ?acks * * er*e overwrapped in  oxygen permeable f i lm  (V i ta f i lm ,  Goodyear) 
be da e ig h t, each pack weighing about 450g. These were stored overni 

hat nsitv nf8t 5° c * and then illum ina ted  a t the same temperature under a l i  
t  between 800 and 1200 lu x , from 20w fluorescen t tubes (P h ilip s

ght
ght

our

C  Packs
0ne exposed to  l ig h t ,  the o ther kept in  the dark, were used fo r  c o l-  

Mqu ^ 5 -4  Colour was measured on a Hunter D25-9 T ristim ulus  Colorim eter
ahqi ness /|P ^ ic a l Sensor in  reduced area mode and a 1cm diameter sample p o rt.

y|e ( H ° ) v  Was measured d ir e c t ly  and the psychological colour a ttr ib u te s  hue 
Re. , and satu ration  (S ) were calcu la ted  from a and b.

1 COilcentrat1 on
ion' was an

ih .  n aPparent loss o f pigment from MRM during frozen storage, the 
6 Wee?Centration t b e . f i r s t  sample fa l l in g  from 131 ug g-1 to  117 

XS and tO 90 pg g * a f t ° r  29 weeks U a o iM tin  m n r o n t M H n n  in  
,1~  .....................  ‘ -1 ,sampie

8 and 31

w9 9
Haematin concentration in the,

was i n i t i a l l y  170 yg g"T which f e l l  to  145 pg g_1 and 100 pg g" 
weeks re sp e c tive ly .

Tab? pignient-
e 2, nt concentrations in the sausage mixes before d isp lay  are shown in

H° was again lower on Day 7. There was no d iffe re n ce  in hue angle a ttr ib u ta b le  
to  MRM on Days 6 and 7. A ll sausages became darker w ith tim e , w ith re la t iv e  
diffe rences  between treatm ents being m aintained.

figure 1. E ffe c t o f simulated r e ta i l  d isp lay  on colour satu ration  o f sausages 
contain ing 0% ( - • - ) ,  6% ( - - A - - ) ,  and 18% ( - - ■ - - )  MRM. 
a ) Experiment I ,  b) Experiment I I ,  c ) Experiment I I I .

Experiment I I

Control sausages had an i n i t i a l  satu ration  o f 16.7 S u n its , considerably  
higher than those produced in  Experiment I .  This was a ttr ib u te d  to  the 
greater concentration o f pigment in  the head meat used fo r  th is  experim ent. 
Sausages w ith  6% and 18% MRM had s im ila r  S.

S aturation decreased w ith  time s im ila r ly  fo r  a l l  treatm ents (F igure 1b). There 
was no s ig n if ic a n t d iffe re n ce  in S or H° between treatm ents a t any sampling 
tim e. Sausages w ith  6% MRM were l ig h te r  than the other two treatm ents through­
out storage, s ig n if ic a n tly  so on Days 1 and 4 . Sausages w ith  18% MRM were 
darker than the o ther two treatm ents from Day 3 onwards, d if fe r in g  s ig n if i ­
can tly  from those w ith  6% MRM from Day 4 onwards and from the contro ls  from 
Day 5 onwards.

Experiment I I I

Control sausages had s im ila r  S to those produced ir> Experiment I .  Sausages 
w ith 6% MRM had le a s t saturated colour w h ils t those w ith 18% MRM were in te r ­
mediate between the two; these d iffe rences  were s ig n if ic a n t. The control 
sausages were redder than those w ith MRM, but not s ig n if ic a n t ly .  Sausages 
w ith 18% MRM were darker than the other two treatm ents.

The colour o f the control sausages became less saturated w ith time (F igure  
1c) but was s ig n if ic a n tly  more saturated than th a t o f 6% MRM sausages through­
out d isp la y . Change in H° w ith d isp lay  time was again complex and appeared 
to d i f f e r  w ith lev e l o f  s u b s titu tio n . Greatest change was observed in  the
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Table 4 . Colour *3o f sausages a t  beginning and end o f d is p la y .

Experiment I I
Day o f d isp lay

0 1 6 7
S aturation (S)

Control 16.7 16.6 11.7 10.9
6% MRM 16.3 16.1 11.7 10.9

18% MRM 16.4 16.4 11.9 11.0

Hue Angle (H °)

Control 44.1 44.4 55.2 51.9
6% MRM 45.9 45.8 55.0 52.4

18% MRM 44.7 45.7 54.7 51.7

Lightness(L)

Control 56.4 56.0b 55.9a 52.8a ,b
6% MRM 57.4 57.3a 56.2a 53.1a

18% MRM 56.4 56.2b 54.7b 51.8b

For each colour a t t r ib u te ,  means in  the same column with d i f fe re n t sub-
s crip ts  are s ig n if ic a n tly  d if fe r e n t  (P <0 .05 ). Least s ig n if ic a n t d iffe re n c e :
S=0.62, H °=2 .54, L=1. 10.

Table 5. Colour o f sausages a t  beginning and end o f d isp la y .

Experiment I l l
Day o f d isp lay

0 1 6 7
S aturation(S )

Control 14.4a 13.8a 12.0a 12.1a
6% MRM 12.7c 12.3b 11.0b 11.0b

18% MRM 13.3b 1?. 5h 11.5a ,b 11.4b

Hue Angle (H°)

Control 51.0 51.1b 50.0c 50.0b
6% MRM 53.4 52.2a,b 56.9b 57.7a

18% MRM 53.8 56.2a 63.4a 61.0a

Lightness (L )

Control 63.6a 63.0 62.4 61.9
6% MRM 63.2a 62.1 63.3 63.0

18% MRM 61.4b 61.2 62.8 62.9

nr* 10Church & J e ffe ry  (1983) studied the e f fe c t  on q u a lity  o f s ubstitu ting  P ° jol) 
in  pork sausage and beef MRM in beef sausage. They considered th a t a<w 
o f 5-15% MRM by weight would not g re a t ly  a f fe c t  q u a lity  but stressed 
importance of re-assessing s h e lf l i f e .  A te n ta tiv e  conclusion from our 
including a dd itiona l data broadly in  agreement w ith  Experiment I 
1983), is  th a t the influence pigment concentration and o x id a tiv e  state  ^  
MRM has on i n i t i a l  colour satu ration  subsequently a ffe c ts  fading ra te , 
such e ffe c ts  are no g re ater than those brought about by o ther ingredien

Our re su lts  a lso suggest th a t the delay between freez in g  and use o f MRJ 
a c r i t ic a l  fa c to r  in  determining i n i t i a l  appearance. The d if fe r e n t  c o n ^  
o f  using MRM a f te r  e ith e r  4 days or 6 or 8 weeks frozen storage was so $  
in  th is  study th a t a fu r th e r  In ve s tig a tio n  o f the e ffe c ts  o f short term 
storage o f MRM on pigment loss and ox id ation  seems warranted.
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For each colour a t t r ib u te ,  means in  the same column w ith  d if fe r e n t  subscripts  
are s ig n if ic a n tly  d if fe r e n t  (P < 0 .05 ). Least s ig n if ic a n t d iffe re n c e : S=0.47, 
H °=3.88, L=1.24 .

sausages w ith 18% MRM which increased s te a d ily  in H° to  63.4  on Day 6.
Sausages w ith  18% MRM had highest H° from Day 1, s ig n if ic a n tly  g re ater than 
the controls  throughout subsequent d isp la y , but only s ig n if ic a n tly  higher 
than the sausages w ith  6% MRM on Day 6. The controls  were s ig n if ic a n tly  redder 
than 6% MRM on Days 3 , 5 & 7. There was l i t t l e  e f fe c t  o f d isp lay  time on 
lig h tn e ss , although control sausages tended to  become darker w hile  the sausages 
w ith 18% MRM became l ig h te r .  There was no s ig n if ic a n t d iffe re n ce  between 
treatm ents from Day 4 .

The e f fe c t  o f  d isp lay

The colour o f sausages held in  the dark g enera lly  maintained higher S values 
fo r  longer, the e f fe c t  becoming c le a r  from Day 3 onwards. R e la tiv e  d i f f e r ­
ences between treatm ents were m aintained. At the end o f d isp la y , the colour 
o f sausages stored in  the dark was more saturated than th a t o f  the corres­
ponding displayed sausages by 0 .5 -2 .0  u n its . Sausages not displayed tended to  
be redder than those d isp layed . Changes in lightness were not influenced by 
d isp lay .

Discussion

The most obvious e f fe c t  o f su b stitu tio n  o f chicken MRM fo r  b e lly  pork was on 
the appearance o f the sausages a t  the beginning o f d isp lay . In  Experiment I ,  
increasing s u b stitu tio n  produced sausages noticeab ly  darker and redder than 
the controls  but s u b stitu tio n  w ith  MRM previously stored fo r  6 or 8 weeks 
(Experiment I I )  had l i t t l e  e f fe c t  on appearance. In Experiment I I I ,  using MRM 
stored fo r  7 months, s u b stitu tio n  o f 6% MRM produced sausages greyer and more 
yellow  than the c o n tro ls . When su b stitu tio n  was a t 18% the sausages were 
darker than e ith e r  o f the other two treatm ents, but were c loser to  the controls  
in  hue angle and colour s atu ratio n  than those w ith  6% MRM.

Fading has been defined as a weakening o f colour which may involve a change in 
hue (ASTM, 1967). Weakening o f colour equates w ith loss o f S which in  fresh  
meat is  d ir e c t ly  re la te d  to form ation o f metmyoglobin from oxymyoglobin ox ida­
tio n  (MacDougall, 1977). In  the present study, re flec tance  spectroscopy con­
firmed th a t a s im ila r  mechanism operates in fading o f sausage. The way in 
which MRM a ffe c ted  fading was d if fe r e n t  in  each Experiment. In Experiment 1 
more change in  satu ration  and hue was observed in  sausages w ith MRM than in 
the contro ls  over the same d isp lay  period , implying increased rates o f  fading  
with increasing s u b s titu tio n . In Experiment I I  MRM did not appear to a lt e r  the 
ra te  o f fad ing . In  Experiment I I I ,  the satu ration  o f the control sausage f e l l  
more during seven days d isp lay  than the other treatm ents, so fading ra te  was 
reduced by the presence o f MRM. I t  is  probable th a t the large d iffe rences  in 
change in  H° a r is in g  from lev e l o f s u b stitu tio n  would be v is u a lly  more 
im portant in  th is  instance.

Rate o f change in  S could depend on the i n i t i a l  colour satu ration  o f the saus­
ages and be independent o f MRM. This simple exp lanation , which ignores changes 
in  H°, is  suggested from Figure 1 and the small range o f S on Day 7 across a l l  
experim ents. The re su lts  o f Experiment I I ,  in  p a r t ic u la r , in  which the 
sausages o f a l l  th ree  treatm ents had s im ila r  in i t i a l  appearance and behaved 
s im ila r ly  in response to d isp lay  fu r th e r  suggests tha t MRM does not influence  
ra te  o f change in  S.
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