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Background

P rocessed  m eat p rod u cts are im portant sou rces o f  proteins in hum an nutrition. S u ch  co m p o site  m eat products are o ften  prepared from  
cu ts h igh  in co n n ectiv e  tissu e . T h e  le v e ls  and typ e  o f  sp ec ific  n o  m u sc le  anim al protein  ingred ien ts u sed  to form u late su ch  p roducts, how ever, 
vary greatly, resu ltin g  in  w id e  varia tions in  their protein  q uality  and nutritive va lu e. T h erefore , an accurate a ssessm en t o f  the am ounts o f  
th e se  p rotein s is e ssen tia l for  co n su m er  in form ation , regulatory p u rp oses and international trade (Z A R K A D A S  et a l., 199 3 ). It has gen era lly  
b een  reco g n ized  that in ex p en siv e  cu ts o f  m eat and m eat b y-p roducts h igh  in co n n ectiv e  tissu e  have re la tive ly  p oor b io lo g ica l va lu e. C h em ica l 
d eterm ination  o f  co lla g en  in co m p o site  m ea ts can  b e  em p lo y ed  to  p rov id e a rapid estim ation  o f  protein  qu ality  (Z A R K A D A S  e t  a l., 1993; EL ,
1995). C o lla g en  con ten t w as h ig h ly  n eg a tiv e ly  correlated  to  e ssen tia l am ino  acid  con ten t and rat PE R  w ith  correlation  co e ff ic ie n ts  o f  -0 .9 9  and  
-0 .9 8 , resp ectiv e ly  (L E E  et a l., 197 8 ). C o lla g en  is  an in co m p le te  protein . T he va lu e  o f  co lla g en  as hum an fo o d  is  lim ited  b eca u se  o f  its lo w  
am in o  ac id  b a lan ce, b e in g  lo w  in  m eth io n in e  and d ev o id  o f  tryptophan (R A O  & H E N R IC K S O N , 198 3 ). R egu la tion s restricting  co lla g en o u s  
co n n ectiv e  tissu e  am oun ts in  m eat p rod u cts h ave a lready b een  in force for so m e years in  so m e  cou n tr ies. S o m e  o f  them  lim it the co n n ectiv e  
tissu e  protein  fraction  o f  total (cru d e) p rotein  con ten t, w h ile  o thers restrict the proportion  o f  co n n ectiv e  tissu e  protein  o f  total (crude) m eat 
protein  content; lim its  d ep en d  on  the particular typ e  o f  product. T h e  d eterm ination  o f  the co n n ectiv e  tissu e  n itrogen  con ten t is  based  on  
ch em ica l an a ly sis  o f  4 -h y d ro x y p ro lin e , the ch aracteristic am ino  acid  con ta in ed  in  the m o st im portant co n n ectiv e  tissu e  protein s, co lla g en  
and elastin . S a u sa g e  m anu factu res p resen tly  u se  m eat con ta in in g  large quantities o f  co n n ectiv e  tissu e  (c o lla g en ) to reduce p ro cess in g  costs . 
H ow ever, fu n ction a l prop erties su ch  as therm al sh rin k age and gela tin iza tio n  m ak e the co lla g en  ad d itive le v e ls  in  a fo o d  critica l. T h e  sau sage  
products regu lation s a llo w  the ad d ition  o f  up to 10%  o f  sk in , rind, tendon , and o ffa l su ch  as brain, liver, heart, stom ach , ton gu e, k id ney , b on e  
m arrow  in  sa u sa g es as h ot d ogs; therefore, it can n ot b e  added  to  frankfurters and w ien ers (B R A S IL , 2 0 0 0 ) . C o lla g en  con ten t ranges from  90%  
in  ten don , to  about 2%  in  m o st  lean  m eat and to le s s  than 1 % in  liv er  (B A IL E Y  &  LIG H T, 1989).

Objectives
D eterm in e  the e ffe c t  o f  le v e ls  5 , 10 and 15% co m m erc ia l b e e f  (ep im y siu m /p er im y siu m ) and pork (rind) co n n ectiv e  t issu es rep lacem en t on  

ch em ica l co m p o sitio n , pH , c o lla g e n o u s  co n n ec tiv e  tissu e  protein  and em u lsio n  stab ility  o f  L yon er type sau sages.

Methods
Lyoner sausage manufacture, fresh  b e e f  co n n ec tiv e  tissu e (B C T ) con ta in in g  both  ep im y siu m  and p erym isiu m  w as rem oved  from  

co m m ercia l b o v in e  h in d  m u sc le s  from  a p ack in g  p lan t that u tilized  S k yner m ach in e  7 6 0 0  (T ow sen d ). T h e  B C T  w as p ack aged  in vacuum  
p lastic  bags, frozen  at - 1 8 ° C  and grin d ed  (8m m  p late) in  a frozen  state. T he co m m ercia l pork rind w as co o k ed  in  w ater (C P R ) and chop p ed  
in cutter. T he form u lation  o f  the con tro l L yon er typ e  sa u sa g e  (8 K g  each  batch) co n sis ted  o f  41 .1%  b eef, 12.5%  m ech a n ica lly  d eb o n ed  poultry  
m eat, 19.1%  pork back fat, 18.4%  crushed  ic e , 4%  textured so y  protein  concen trate  (P roteim ax T R -1 2 0 ) , 1.5%  salt, 0 .0 1 5 %  so d iu m  nitrite, 
0.3%  sod iu m  trip o lyp h osph ate, 0 .05%  so d iu m  erythorbate, 1% sp ice s  and 2%  m a n io c  starch. T h e sev en  form u lation s co n ta in in g  0%  (control);  
5% ; 10%  and 15%  B C T  or C P R  w ere  adjusted  to 20%  fat in  the final product, a ltering b ee f , ic e  and backfat. C P R  or B C T  w ere  added  w ith  lean  
b e e f  at the b eg in n in g  o f  the cu tter’s p ro cess. T h e products w ere prepared in  the M eat T ech n o lo g y  C entre o f  the Institu te o f  F o o d  T ech n o lo g y  
accord in g  to  industrial standards. T h e  batter w a s stu ffed  in to  6 0  m m  ca s in g s  (C aseT ech  - K  p lu s) and therm ally  p ro cessed  to 72 °C  internal 
tem perature. Physico-chemical analysis; m oisture, protein  (K jeld ah l m eth od , factor 6 .2 5 ) , fat (d ie th y l ether extractab le) and ash  con ten ts w ere  
determ in ed  in d u p licate  fo llo w in g  the IN S T IT U T O  A D O L F O  L U T Z  (1 9 8 5 )  p rocedures. D u p lica te  p H  read in gs o f  raw batter, co o k ed  L yoner  
and ster ilized  p rod u cts w ere  taken w ith  a spear-tip  e lectrod e  attached to H A N N A  H I9321  m icrop rocessor  pH -m eter. H yd roxyp ro lin e  an a lysis  
w as carried out accord in g  to  the m eth od  d escr ib ed  b y A O A C  (1 9 9 5 ). H yd roxyp ro lin e  is  q u an tita tively  d eterm in ed  as m easure o f  co la g en o u s  
m aterial. C o lla g en o u s co n n ec tiv e  tissu e  con ta in s 12,5%  h yd roxyp ro lin e w h en  n itrogen -to-p rotein  factor o f  6 .2 5  is  u sed . Emulsion stability: 
reported as percen t fat and g e la tin  re lea sed  from  ster ilized  can s at 121°C  (~ 1 5 0 g  cylin d rica l can s, nom in al p ro cess va lu e F0 =  6 .4 1 ) . Statistical 
analysis: all data u n d erw en t a n a ly sis  o f  varian ce (A N O V A ) and T u k ey’s Test to  determ in e d ifferen ces  (p < 0 .0 5 )  b e tw een  pairs o f  m ean s u sin g  
G raphPad InStat tm , C op yrigh t 1 9 9 0 -1 9 9 3 , V 2 .0 1 .

Results and Discussion
T h e pork rind absorbed  7 .1%  w ater in  c o o k in g  p ro cess  and resu lted  in  a final ch em ica l co m p o sitio n  o f  52 .7%  m oisture, 22 .0%  protein , 

24.9%  fat, 0 .2%  ash , 2 .37%  4 -h y d ro x y p ro lin e , 18.9%  co lla g en o u s  co n n ectiv e  tissu e  (C C T ) and 85.9%  co lla g en o u s  co n n ectiv e  tis su e  per total 
(crude) protein  (C C T /P ). B e e f  c o n n ec tiv e  tissu e  after grind resu lted  in  a com m in u ted  product w ith  67 .5%  m oisture, 19.1%  p rotein , 12.2%  fat, 
0.7%  ash , 0 .79%  4 -h y d ro x y p ro lin e , 6 .3%  C C T  and 33.0%  CCT/P. T h e final raw batter com m in u tin g  tem peratures (cutter) ranged from  11.7  
to  13 .4°C . C h em ica l and co lla g en o u s  c o m p o sit io n , p H  va lu e and em u lsio n  stab ility  o f  L yon er typ e  sa u sa g e  m anufactured  w ith  5 , 10 and 15%  
b e e f  c o n n ectiv e  tissu e  (B C T ) o r  co o k ed  pork rind (C P R ) are p resen ted  in Table 1. For B C T  treatm ents, it w a s ob served  a s ign ifican t (p < 0 .0 5 )  
in crease on  protein  le v e ls , ran gin g  from  1 2 .5 4  to  13.81% ; n o  treatm ent d ilfer en ces  w ere  n oted  for  m oisture, fat and ash . M oistu re  lev e ls  varied  
from  5 9 .6 5  to 5 8 .3 4 %  for  C P R  treatm ents. A s  the q u an tities o f  added C P R  increased , m oisture con ten t d ecreased  and fat and protein  con ten ts  
in creased  (p < 0 .0 5 ) . Fat and p rotein  le v e ls  ranged  from  2 0 .2 6  to 2 1 .67%  and 12 .54  to 14.56%  resp ective ly . B e ca u se  o f  the h igher protein  rate 
o f  co lla g en  (22 .0% ) than that o f  m u sc le  (1 9 .0 % ), the ad d ition  o f  co lla g en  tends to in crease  the apparent lean  m eat (total protein ) con ten t o f  
m eat products. T he m ean  c o lla g e n o u s  co n n ec tiv e  tissu e  (C C T ) va lu es ca lcu la ted  from  the am ounts o f  4 -h yd ryp ro lin e  fou n d  for  B C T  and C P R  
treatm ents, ranged from  1.68  to 2 .40%  and 1 .68  to  4 .10%  o f  the total co m p o site , resp ective ly . T h e  e ffe c t  o f  added  co n n ec tiv e  t issu es w as  
m ost sign ifican t for C P R  rep lacem en ts; a ll treatm ents w ere  s ign ifican tly  d ifferent from  each  other. T h is reflected  on  co lla g en o u s con n ective  
tissu e  per total protein  (C C T /P ) con ten t that ranged from  13 .40  to 28 .16% . T he sau sage added w ith  B C T  le v e ls  sh o w ed  an in crease on  CCT/P, 
tan g in g  from  1 3 .4 0  to 17 .65% . A s  sh o w n  in F igu res 1 and 2 , as the am ount o f  b o v in e  or pork co n n ec tiv e  tissu e  in  the L yon er increased , there 
Was a sign ifican t lin ear in crease  (R 2  =  0 .9 7  and 0 .9 9 , B C T  and C P R  resp ectiv e ly ) in the am ount o f  c o lla g en o u s  co n n ectiv e  tissu e  d eterm ined  
and a lin ear in crease in  co lla g en o u s  co n n ec tiv e  tissu e  per total (crude) protein  (R 2 = 0 .8 3 4 2  and 0 .9 9 9 8 , B C T  and C P R ). T h e  raw  batter, L yoner
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and co n serv e  pH  va lu es sh o w ed  a s lig h t but s ign ifican t in crease w ith  in creasing  B C T  (6 .01  to  6 .1 0 )  or C P R  (6 .0 0  to  6 .1 9 )  le v e ls  (Table 1). 
T h e sm all pH  d ifferen ces a lth ou gh  sta tistica lly  s ign ifican t m ay n ot be o f  m uch  relevan ce. A ll treatm ents added  w ith  co n n ec tiv e  tissu e  resu lted  
in  an sign ifican t in crease  on  fat and g e la tin e  re lea se  (p < 0 .0 5 ) , the range w as 0 .51  to 2 .83%  and 0 .51  to  2 .10%  for B C T  and C P R  treatm ents 
resp ective ly , in d ica tin g  a d ecrea se  o n  em u lsio n  stab ility  w ith  in creasin g  co n n ectiv e  tissu e  lev e ls , a ffec tin g  fu n ction a l p roperties, w h ich  are 
attributed to  the lean  m eat p rotein s in  a fine em u lsio n  sau sage  lik e  Lyoner.

Conclusions
L yoner typ e  sa u sa g es  rep laced  w ith  b e e f  co n n ectiv e  tis su e  (ep im y siu m  and p er im ysiu m ) and co o k ed  pork rind in creased  total protein , 

co lla g en o u s co n n ectiv e  tissu e , pH  and fa t/ge la tin  re lease , a ffec tin g  em u lsio n  fun ction ality . T h e  pH  d ifferen ce  from  con tro l (w ith ou t co n n ectiv e  
tissu e  added) w as to o  s lig h t to b e  o f  m uch  practical im portance. T h e  resu lts w ere m ore pron ou n ced  for co o k ed  pork rind rep lacem en ts  
com p ared  to b e e f  co n n ectiv e  t issu e  for  a ll param eters eva lu ated  e x cep t for  em u lsio n  stab ility  that w a s s lig h tly  inferior. S in c e  there is  a straight 
correlation  b e tw een  co n n ec tiv e  t issu e  added  and co lla g en o u s co n n ectiv e  tissu e  con ten t, n ew  regu lation s on  the co m p o sitio n  o f  em u lsio n  type  
m eat products sh ou ld  esta b lish  an a ly tica l co lla g en o u s  co n n ectiv e  tissu e  protein  v a lu es, and co lla g en o u s  co n n ectiv e  tissu e  protein  fraction  o f  
the total protein  con ten t, by h yd roxyp ro lin e  d eterm ination .
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Table 1. C h em ica l and p h y sica l param eters m ean s for L yon er type sa u sa g e  co n ta in in g  co n n ectiv e  tissu e  p rotein s

Addition of connective tissue proteins
Beef connective tissue (BCT)*__________  _____________ Cooked pork rind (CPR)

Control 5% 10% 15% Control 5% 10% 15%
Chemical composition1
Moisture (%) 59.65“ (0.13) 58.70a (0.13) 59.28a (0.01) 59.23a (0.47) 59.65“ (0.13) 58.87“b (0.30) 58.60b (0.23) 58.34b (0.06)
Fat (%) 21.26“ (0.06) 21.51” (0.43) 20.14a (0.36) 20.12a (0.39) 2l.26b (0.06) 20.26c (0.03) 21.26b (0.13) 21.67“ (0.07)
Total protein (%) !2.54b (0.18) 13.81“ (0.20) 13.78a (0.18) 13.60a (0.05) 12.54b (0.18) 14.45’ (0.61) £ O o o 14.56“ (0.42)
Ash (%)
Collagenous composition1

3.37a (0.07) 3.35’ (0.00) 3.28“ (0.05) 3.30a (0.04) 3.37“ (0.07) 3.42’ (0.05) 3.37“ (0.00) 3.30“ (0.07)

4-Hydroxyproline (%) 0.210b (0.013) 0.226’-b (0.019) 0.261“’b (0.009) 0.300a (0.035) 0.2l0d (0.013) 0.332c (0.009) 0.412b (0.015) 0.512a (0.032)
Collagenous connective 
tissue (%)

1.68b (0.10) 1.80“-b (0.15) 2.09“b (0.07) 2.40“ (0.28) l.68d (0.10) 2.66c (0.07) 3.30b (0.12) 4.10“ (0.25)

Collagenous connective 
tissue per total protein (%) 13.40 13.06 15.18 17.65 13.40 18.41 23.45 28.16
pH value 
Raw batter1 6.05b (0.01) 6.05b (0.01) 6.06“,b (0.01) 6.08’ (0.01) 6.05c (0.01) 6.05c (0.01) 6.10b (0.01) 6.18a (0.02)
Pasteurized (Lyoner)2 6.10a (0.01) 6.10“ (0.01) 6.09“ (0.01) 6.10“ (0.00) 6.10e (0.01) 6.1 Ie (0.01) 6.16b (0.01) 6.19’ (0.01)
Sterilized (Conserve)2 
Emulsion stability3

6.01e (0.01) 6.02c (0.01) 6.04b (0.00) 6.06a (0.00) 6.00d (0.01) 6.05e (0.01) 6.09b (0.01) 6.12“ (0.01)

Fat and gelatin release (%) 0.5 ld (0.12) 1.25e (0.39) 1.8l b (0.44) 2.83“ (0.26) 0.5ld (0.12) 1.03e (0.19) 1.57b (0.26) 2.10“ (0.62)
*•b' ‘ Mean values in a row within treatment followed by different letters are significantly different (p<0.05) from each other 
* Epimysium / perimysium fraction ( ) Standard deviation Number of replicates: 'N=2; 2N=4; 3N=8

Collagenous connective tissue in Lyoner sausage 

y = 0.049x + 1.6268 y = 0.158x + 1.75
R2 = 0.9693 R2 = 0.9934

O BCT O CPR
-----------Linear (CPR) ----------- Linear (BCT)

Figure 1. R ela tion sh ip  b e tw een  p red icted  co n n ec tiv e  tissu e  and  
co lla g en o u s  co n n ec tiv e  t issu e  d eterm in ed  in  L yon er typ e  sau sage  
co n ta in in g  am ou n ts o f  b o v in e  c o n n ec tiv e  tissu e  (B C T ) and co o k ed  
pork rind (C P R )

Collagenous connective tissue per total protein in
y = 0,2974x + 12,592 Lyoner sausage y = 0.9864X + 13,457

❖  BCT per total protein (%)
O CPR per total protein (%)

-----------Linear (CPR per total protein (%))
-----------Linear (BCT per total protein (%)) __

Figure 2. R ela tion sh ip  b e tw een  pred icted  co n n ectiv e  tissu e  
added  and co lla g . co n n ectiv e  tissu e  per cru d e p rotein  determ ined  
in L yon er type sa u sa g e  con ta in in g  am ou n ts o f  b o v in e  co n n ectiv e  
tissu e  (B C T ) and co o k ed  pork rind (C P R )
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