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M A IN T E N A N C E  O F  P R E R IG O R  F U N C T IO N A L IT Y  IN  M A N U F A C T U R IN G  B E E F
T yre C. L an ie r  and P en n y  A m ato -H arw ell 

D epartm en t o f  F ood S cience, N orth  C aro lina  S tate U n iv ersity , R ale igh , N C

^ L W O R D S - cryopro tec tion , glucose, p rerigor, gelation

A broad  o b jec tiv e  o f  our la b o ra to ry  has been  to  d e term in e  a m eans to  m ax im ize the  fu n c tio n a lity  
frozen m eats. S ince sa lted  p re rig o r m eat is reco g n ized  as h av ing  su p e rio r  fa t/w a te r b ind ing  and 

c ln8 (tex tu re  fo rm in g ) p ro p e rtie s , ty p ic a lly  ca lled  "bind p ro p e rtie s" , w e f irs t  co n c en tra ted  on 
im °Pr0teCting saltecl Pre r ig ° r  m eat (P a rk  e t a l., 1987). T h is w ork  rev e a le d  th a t w h ile  c ry o p ro tec ta n ts

Proved the  fro z en  sto rage s tab ility  o f  bo th  p re rig o r and p o str ig o r beef, the  p resen ce  o f  the sa lt
^cting as a p ro te in  d en a tu ran t)  ac ted  to  nega te  th e ir  e ffec t. T he re su lt w as th a t sa lted  p re rig o r m eat 

® cry o p ro tec tan ts  had  ab o u t the sam e b ind  p ro p e rtie s  as fresh  p o s tr ig o r  m eat,
p W e n ex t tr ied  c ry o p ro tec tin g  u nsa lted  p re rig o r m eat (P ark  e t a l., 1994). In th is w ork ,

o lydeXtro s e ®  effec tiv e ly  im proved  the gel fo rm ing  ab ility  o f  bo th  p re rig o r and po strig o r b e e f  and 
£ lntained th e ir  fu n c tio n a lity  du rin g  fro z en  s to rag e  b e tte r  than  the  p re r ig o r  and  p o str ig o r  c o n tro ls , 
p atrol sam p les w ere  m ade w ith o u t P o ly d ex tro se ®  in the fo rm u la tions, so  in itia l values for 

° ly d e x tro se ® -c o n ta in in g  sam p les w ere  h igher than  c o n tro ls , causing  a b ia sed  resu lt tow ard  
U n p ro te c te d  trea tm e n ts . E v id e n ce  o f  im proved  fu n c tio n a lity  fro m  P o ly d e x tro se ® /p h o sp h a te  m ix tu re s  
d . fo r c ry o p ro te c tio n  w ere  co m p lic a te d  by a p p a re n t p h o sp h a ta se  ac tiv ity  d eg ra d in g  the p h o sp h a te  

nng frozen  s to rage . P h o sp h ate  added  to  "c o n tro l” m eats afte r 5 m onths frozen  sto rage induced  a 
sm ficant in crease  ¡n gei fo rm ing  ab ility  and d ec rease  in  cook  loss tha t w e w an ted  to  fu rthe r 

,nve s tig a te .

o b je c t iv e

I The study w e are rep o rtin g  co n cen tra ted  f irs t on deve lo p in g  an u n d ers tan d in g  o f  th e  cau ses o f  the 
s in fu n ctio n ality  w hich  occurs upon  d eve lopm en t o f  r ig o r m ortis , w ith  th e  in te n t o f d isco v erin g  a 
ans of a rrestin g  or reversing  th is lo ss. S econd ly , w e w an ted  to  d e te rm in e  an  op tim um  p ro ce d u re  fo r 

°ducing a h ig h ly  fu n c tio n a l frozen  m eat m a te ria l based  upon  the  in fo rm a tio n  ga ined  from  our 
Prev io us w o rk .

O ur f irs t e x p e rim en t in v e s tig a ted  the  n a tu ra l dec rease  in  fu n c tio n a lity  as m ea t goes th rough  r ig o r  
lat0rtis- W e tested  b e e f  at various tim e in te rv a ls  as the pH  d ropped  du e  to  postm ortem  g ly co ly sis , then  
I, (postrig o r) ad ju sted  the pH  o f  the m eat b ack  to  co rresp o n d in g  p re rig o r pH  lev e ls  w ith  sod ium  
e r° x ide (N aO H ). W e m easured  pH , gel fo rm ing  ab ility  (to rs io n a l stress and s tra in ), p ro te in  

rac tab ility , and  cooked  y ie ld  a t each  in te rv a l.
in ^ ur n ex t ex Perim en t used  ad d itiv es  or p ro cesses  to in c re ase  fu n c tio n a lity  o f  the m eat by e ith e r  
R a s i n g  pH  o r p ro te in  so lub ility . A dd itives used to a lte r  the pH  o f  the  m eat w ere  sod ium  ch lo rid e  
^ aCl) and g lucose  (Y oung e t al., 1988) added  p rerigo r to  p reven t pH  d rop  and N aO H  added to  p o strig o r 
v e.at to  re s to re  p re rig o r pH . P h o sp h ate  ad d itio n  and "p reb lend ing" th e  m ea t w ith  sa lt fo r a 24  h o u r 

ding p erio d  w ere used  to  a lte r  p ro te in  so lu b ility . A gain  w e m easu red  the  sam e fu n c tio n a l 
MoP e r t ie s .
$U ^ ur ex p e rim en t added g lucose  (to  in h ib it pH  d rop  in  p re rig o r m eat) in  co n ju n c tio n  w ith
j^Cr° Se (as a c ry o p ro tec ta n t)  to  m ain ta in  fu n c tio n a lity  in  fro z en  g round  p re rig o r and p o s tr ig o r beef.
5( eats w ere te sted  in itia lly  (un frozen ) and a fte r  2 and 7 m onths o f  frozen  sto rage . In d ica to rs  o f 

d ity  w ere  the sam e fu n c tio n a lity  m e asu rem en ts  used  in  th e  p re v io u s  tw o  ex p e rim en ts .

^ S U l t s  AND DISCUSSION
■ F rom  the  f irs t ex p e rim en t, d es ig n ed  to  d e te rm in e  if  the su p e rio r  g e llin g  ch a rac te ris tic s  o f p re r ig o r  
fueP d e te rio ra te  du rin g  r ig o r  m ortis  p rim arily  due to  pH  d ec lin e , w e found  th a t a lth o u g h  som e 

nctionality  w as res to re d  by ad ju stin g  the pH  o f p o strig o r m eat upw ards, the leve l o f  fu n c tio n a lity  
a Pressed by  the p re rig o r m eat cou ld  no t be resto red . The g rea test reco v ery  w as in  gel strain  (F ig . 1)
,  cooked  y ie ld  (no t show n), w hich  re tu rn ed  to  83%  and 97% , re sp e c tiv e ly  o f the p re rig o r value  a t pH

(ca lcu la ted  from  the  reg ressio n  eq u a tio n s). W ith  pH  ad ju stm en t, gel s tress reco v ered  s ligh tly  (as
Uch as 58% ) in  a cu rv ilin ea r m anner; ho w ev er, ex trac tab le  p ro te in  d id  n o t rec o v er a t all. 

te In the second  experim en t, w hich  w as designed  to  sug g est th e  b es t m eans o f  m ain ta in in g  or 
p a r i n g  p re rig o r fu n c tio n a lity , w e found th a t by the add ition  o f  p h o sp h a te  to  p o s tr ig o r m eat i t  is

ssible to  rec o v er all fu n c tio n a lity  lo st due to  rig o r m ortis; in d eed , gels from  p o str ig o r m eat trea ted



w ith phospha te  had  even h ig h e r s tress  (F ig . 2) and strain  (no t show n) v a lu es than  gels from  p re rig o r 
m eat. T here seem ed  to  be benefits in adding  g lucose  to  the m ea t p re rig o r to  in h ib it p ostm ortem  pH
drop: th is  trea tm en t, w ith  or w ith o u t p h o sp h a te  add ition , w as n ea r the b es t in  a ll fu n c tio n a lity  te s ting . 
T hese resu lts  a re  fo r un frozen  m eats. S ince g lucose  is a lso  an ex ce llen t c ry o p ro tec tan t, its add ition  to 
p rerigo r m eat p r io r  to  freez ing  m igh t then  be expected  to  have a doub le  benefit. W e found  no 
b en e fic ia l e ffe c t o f  p reb len d in g .

F rom  the f irs t tw o experim en ts , it seem ed like ly  th a t c ry o p ro tec tio n  o f  m eat p rio r  to  frozen  
sto rage, fo llo w ed  by add ition  o f p h o sp h a te  at the  tim e o f  use , shou ld  re su lt in  fu n c tio n a l p ropertie s  
near, or possib ly  exceed ing , tha t o f  fresh  p re rig o r (or fresh , sa lted  p re rig o r ) m eat, so a frozen  sto rag e  
study  w ith  c ry o p ro tec ta n ts  (su cro se  or a su c ro se /g lu c o se  m ix tu re ) added  to  th e  m eat be fo re  freez in g  
w as co n d u c ted . R esu lts  from  th is  s tudy  show ed  tha t bo th  c ry o p ro tec ta n t trea tm e n ts  s ta b ilized  p o s tr ig o r 
m eat du ring  fro z en  sto rage and p a rticu la rly  its  p h o sp h a te  rea c tiv ity . C ry o p ro tec ted , p o s tr ig o r  sam p les  
equalled  or su rp assed  the fu n c tio n a lity  o f fresh  p re rig o r sam ples (F ig . 3). N e ith e r  c ry o p ro tec ta n t 
trea tm en t im proved  the s ta b ility  o f  fro zen  p re rig o r beef, thus, p re rig o r p ro ce ss in g  is n o t req u ired  to  
ach ieve p re rig o r fu n c tio n a lity  in  fro zen  beef.

CONCLUSIONS
V ery fu n c tio n a l m anufac tu ring  b ee f  can  be m ade and sto red  frozen  fo r  m any  m o n th s by 

cry o p ro tec tin g  p o strig o r b ee f  p rio r to  freez in g . U sing  th is  m an u fac tu rin g  m eat in  co m b in atio n  w ith  
p o ly p h o sp h a te  w ill p ro d u ce  ex c e llen t com m in u ted  m eat p ro d u c ts  e q u iv a le n t to  use o f  fre sh  p re r ig o r  
m eat. T his p ro cess  w ill a llow  m anufactu re rs o f  p rocessed  m eats to  use  frozen  m eats, w hich  are  m ore 
conven ien t and can  be m ore co s t e ff ic ien t, w ith  equal o r b e tte r  re su lts  than  fresh  p re rig o r m eat.
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Figure 1--Effect of pH change on strain 
of postrigor and prerigor beef gels.
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Figure 2--E ffect of functionality  enhancing  
treatments on stress at failure of beef gels.
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Figure 3 -E ffect of cryoprotectants on frozen storage stability of (a) postrigor and (b) prerigor beef.
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