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ALGIN/CALCIUM GELS I N  

SOLI D-MUS CLE STRUCTURED BEEF S TEAKS 

Abs t rac t 

ROGER C .  JOHNSON 

A l t e rat i on o f  the i nh e r en t  c haracte r i s t i cs o f  

l e s s  p r e ferred b e e f  c arca s s  port i on s  t o  produc e  produd t s 

w i th g r eater  c on s ume r appea l  h a s  b e en the u l t i mate g o a l  

o f  s t ructu r ed m e a t  r e s ea rch . Consume r acceptance o f  

s tr uc tu r ed produc t �  has  been  l im i� ed b ec au s e  o f  (1) l o w  

r e t a i l v i s ib i l i ty ,  (2) d i e t /h e a l th c oncerns  ·due t o  

s a l t add i t i on , and ( 3 ) unde s i rab l e  unc ooked produc t  

appea r ance du e t o  d i sc o l o rat i o� and l ack, o f  � iber 

o r i en ta t i on . Deve l opm en t  · o f  s o l i�-mu s c l e  s truc tured 

p r oduc t s  wou l d  a l l ev i ate  the s e  l i� i ta t i on s  and the 

n eg a t iv e  i n f l uenc e the l e s s  de s i rab l e  c arc as s  po r t i ons  

have o n  t o ta l  carcas s va lue . 

E f f ic ac y  o f  a b i nding g e l  c on ta i n i ng va r i ous  

conc e n t ra t i ons  of  a l g i n/calci um ( A lg / Ca ) and adi p i c  ac id 

( Ad )  t h a t  w i l l  funct i on be tween l a r g e  meat  p i ec e s i n  

b o t h  r aw , re fr i g e ra t ed and c ooked s ta t e s  was determ i n ed . 

Res ul t s i nd i c a t ed l arg. e mus c l e  p i ec e s  c ould be bound by 

A l g / C a /Ad g e l s  i n  both s ta t e s . Opt i mum l eve l s  c oul d not  

b e  r e commended s i nc e  j uncture succ e s s  and b indi ng 

s t r� ng t h  we re  max i m i z ed a t  the  h i ghe s t  A l g /Ca l eve l s  and 



A d  l evels used had no e f fec t  on th e s e  tw o  traits. 

In t h e  second phase, consumer acc ept ab i l i t y of 

four typ e s  o f  beef  s t eak s  fabr icated from various 

muscles in the for equarter were m ea s ur ed . S t e ak types 

in c l uded ( 1) ribeye roll steaks, (2) s er ratus  vent ral i s  

solid-muscle st ructu red s t eaks , (3) salt/phosphate 

com mi nu t ed s t ructured s t eaks , and ( 4) a lg in/ c a l c i um 

c omm i n u ted s t ructured s t eaks . P r im� ry meat purchas ers 

rated each t yp e of uncooked steak on fat content , 

s u r f ac e  d i scolorat L on , color a nd overa l l de si rab i1 i ty . 

Each h o u s e ho ld member over  5 yea rs o ld com pl e ted a 

s en s o r y  e va l ua t i9n , r at i n g  e�ch s t ea k  type for 

t en de rn e s s , j u ic ines s ,  f la vor  des i ra b i l i ty an d o ve ra l l 

de s i rab i l i ty .  Laboratory-evaluations i n c l uded proximate 

analyses, cooking lo�s, Warner-B r� ti l er  shear a nd 

o x i da t i ve ranc idi ty af t e r  frozen s to rag e . Consumer 

s ensor y a c c eptabi l i t y w as evident f o r  a l l four  s te ak 

type s , b u t  p r im a ry m eat pu rchas e r s  pre ferred the color, 

l ack o f  s u r face d i s c o l o ra t ion and overa l l  a ppearance of 

intact muscle steaks over comminuted s t ruc tured s t eaks . 

In t ac t muscle s teaks rec e i ved lower sensory tenderness 

ra t ing s a rid higher fl�vor de s i rab i�i ty · sc� re s  than 

comm in ut ed s t ructured s t eaks . V i ab l e  mercha nd i s i ng 

opt i on s  for the beef f o re quarter , pa r t i cula r l y  the 

chtic k , _ a r e  ava i l abl e w i th  new  s t ruc tur i ng technology. 
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Chapter I .  

I NT RODUCT ION 

C u r rent l i f e s t y l e s  d i c tate  t h e  pr e f e r red m eat 

cuts  are t h o s e  wh i c h  a r e  eas i l y prepared and provi de a 

h i gh de g r e e  o f  ea t i ng  sat i s fac t i on wh i l e r ema i n i ng 

w i th i n  t h e  budgetary r e s t ra i nt s  o f  t h e  h� u s ehold  ( Burk� 

Mark e t i ng Res ear ch ,  1987). Dur i ng th e pas t 20 years , 

i nnovat i v e  market i ng a l t e rnat i v e s  have been propo s ed by 

r e s e a r c h e r s  to the � ea t  i ndus t ry i n  an attempt to · 

sa t i s fy co n s ume r demands . · T echno l og i ca l  deve lop ments 

wh i c h  u t i l i z e l e s s  v a l uab l e  carcas s e s  ( co ws and bul l s ) 

and c a rcas s co mponen t s  ( pl at e s� f l ank s , sh�nk s ,  etc . ) to 

produc e n ew produc t s  that  p� ov ide � s at i s fac t o ry eat i ng 

qua l i t i es a t  a rea$On ab le  u n i t  CO�� have t ranspi red 

( S e i deman and Dur l and , 1982). Co nver s io n  o f  the l e s s  

pr e f e r r ed c a rcas s e s  and car cas s port i on s i nto ready- to-

co ok p ro du c t s  has been the val ue enhancemen t  bas i s  of  

s t ruc t ur edl .meat pro duc t s  ( Br e i dens te i n , 1982). The 

conc ept o f  s t ru c t ur ed meat produc t s  i s  to c reate a 

un i fo rm and compl e te l y  edible  pro du c t  w. h i ch resembles an 

i n tac t mus6 l e i n  textur al pro pe r t i e s . 

l S t r uc t u red and re s tructured are s yno nym ous terms 
f o r  t h e  manufac t u r i ng t echni qu e  des c r ibed . However , due 
to. t h e  negat i ve co nnot a t io ns as so c i ated w i t h  the term 
rest ru c t u r ed , the te rm s t ruc tured o r  der iv a t i ves  o f  i t  
w i l l be· u s ed exc l us i v e ly henc e fo rth . 
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Brei de n s t e i n  ( 1982 ) de fi ned s tructu red beef 

pr od uc ts a s  i n t e rm ed ia t e va lu e  b e e f  p roduc t s  wh i ch ar e 

a s s umed t o  h av e  a c ons um er perc e i v ed·v al ue betw een that 

o f  g r ound b ee f  and i ntact musc l e  s t eaks an d roas ts 

n o rma l l y  pr epared by dry heat . T h e  p r i mary product i on 

g o a l  o f  s t ru c t u r i ng t echn i ques  i s  t o  c on t ro l  the s hape , 

wei gh t , fat and protei n  c om pos i t i on , and : t ex ture o f  th� 

en d-pr oduc t dur i n g  manu fac tur ing. Fu r th e rmore , i t  i s  

e s s en ti al f o r  t h e  new produc t s  t o  po s s e s s  i ntegr i ty 

charac te ri s ti c s s imj lar to i nt ac t. mus c l e and un i fo rm 

j u i c i n e s s  and t enderne s s  ( Mandi go ,  1 9 8 2 ) . 

T radi t i onal s truc tured mea t  p roduct i on syst ems 

i nv o l v e  two p ri ma r y  s teps: ( 1) r ed uc ti on o f  p arti cl e  

si z e  i n  the  r aw meat ma te� i al and� ( 2 )  b i nd i ng toge ther 
. ' . 

o f  the s e  meat pi ece s · t o  produce a · �ti i t s y s t em . Part i c l e  

siz e r educti on o f  · th e raw m�te r i al i s  u� ual l y  the fi r s t  

s t ep i n  t h e  s t ru c tur in g  proc e s s  a n d  . h as b e en 

ac comp l.i sh ed b y  n ume rous t echniq u e s - - i nc l ud i ng g r i nding , 

f l ak i ng , c hu nkin g an d s ec t i on i n g  o f  t h e  raw material  

pr i o r  t o  f o rm i n g  ( Huffman and C o rdray , 19 8 2 ) .  T he 

p rim a r y  obj ec ti ve o f  these techniq ue s  L s  t o  enhance the 

t ende rne s s  p�o f i l e  of t h e musc l e  t i s sue w i th ou t  reduci ng 

th e t� x tu r a l  prope rt i e s  o f  the mus c l e  t i s su e  to tha t  o f  

g r ound b ee f .  
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S t ruc turi ng of  meat produc ts is bas ed upon the 

ab i l i ty to b i nd sm a l l meat p i e c es togethe r . Dur i ng the 

1 9 7 0' s  and e a r l y  1 9 8 0' s , adhes i on i n· the  uncooked s tate  

was  ach i eved by f r e e z i n g  and wa s dependent upon heat 

i ndu c e d  bondi ng in the c ooked s tate . Typ ic all y , 

adhes i o n  a t  the  par t i c l e  inter faces  was i n i t i a t ed by 

mechan ic al f o rmat i o n  o f  a pro t e i n  e xuda t �  b y  extractirin 

o f  i n t r ac e l l u l a r  p ro t e i ns , es pec i a lr y  myos i n ,  t o  the 

pa r t i c l e su r face s . Extrac t i o n · was accomp l is hed by 

s t i r r i ng /m i x i ng /ma� ag i ng and en� anc ed by the . pre� en ce 

o f  s od i um c h l o r i de and phos ph a t e s  ( Br e i de ns te in , 1 98 2 ) . 

Dur i n g  t h e rmal p� oc es s i ng , the  prote i n  exudate undergoes 

g e l a t i o n - - t h e  denatura t i on of � he pro t e i n  � o l ec ul es into 

un f o l de d  po l ypept ides and the s ubs e qu ent a s s oc i at i on of' 

t h e  p o l ypept ides in to · a g e l  mat r i� ( Fe r r i , 1 9 4 8 ) . The 

t h re e -d i mens i onal mat r i c es formed . by hy drogen bonds , 

d i su l f i de bonds, h ydrophob i c a s s oc i a t i on, o r  a 

comb i na t i on o f  the s e  b e tween t h e  po l ypept i des 

( Ca t s i mpoo l as and Meye r , 1 9 7 0 ) h o ld wat e r  i n  the 

i n t er s t i c e s  ( Ki ns e l la, 1 9 7 6 ) and ac t as a s tabl e  b in der 

b e twe e n  meat c hunks ( Sc hm idt et al . ,  19 8 1 ) .  

The e f f i cacy 6f s truc t u r i ng t echn6l ogy devel oped 

dur i n� the  1 97 0 's and earl y  1 9 8 0' s  has  bee n  l i mi ted due 

to t h e  fact the  product s  wh i ch wer e c reated did  not meet 

c o n s um e r  expec ta t i ons . Re ta i l acceptance  of s truc tured 
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produc ts h as b e en poor f o r  s everal  r e as ons : 

( 1 )  Th e produc t s  we r e  o f fer ed on l y  i n  a froz en 

f o rm . 

( 2 )  The add i t i on o f  sa l t , par t i c u l a rl y  sodium,  

provoked diet/health concerns (IFT, 1980; 

P ears on and Wolz ak ,  1 9 8 2 ) . 

( 3 ) The addi t i on o f  s al t  h ad an · adv er s e  effec t  

o n  c o l o r  acceptab i l i ty and ranc i d i ty 

d ev e l opment o f  f r e sh and f r oz en produ c t 

( Sc hwartz an d Mand i i o ,  1 9 7 6; Ock erman a nd 

Organ i s c i ak , · 1 97 9; Hu f fm an ,  1 9 8 0; .Al len 

and Foegedi ng , 1 9 8 1; Booren et al . ,  1 9 8 1a; 

Chas ta i n  e t  al . ,  · 1 9 8 2 ; Love, 1 98 3 ) .  

( 4 )  Product appearance has  been l e s s  than 

des i r�ble  due t o  the l ack o f  f iber 

o r i entat i on . 

I n  an ext ensive l i t e ra tur e  rev iew o f  raw an d 

c o o k e d  meat b i nd i ng , Means (1985) i de n t i f i ed several 

c ompounds , pa r t i cu la r l y  the i n  s i tu myo s i n  s ys t em ,  that 

po s s e s s ed de s i rabl e b i nd in g  charac t e r is t i cs in the 

c o o k ed s tate . Howev e r ,  onl y two compounds , g e l a t i n  an d 

a l g i n/ c a l cj um ,  we r e  func t i on a l raw b i nde r s ·, an d on l y  

a l g in /c a l c i um was thermo s tab l e  and c apab l e · o f  

main ta i n in g  p rp duc t integ r i ty dur in g  cook in g . Thus , i n  

res pons e  t o  t h e  first th ree prev i ou s l y  d e f in ed 
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s h o r tc o m i ng s  o f  s t ructured meat produc t s , Means ( 1 9 8 5 ) 

conduc t ed a pr o j ec t  wh i c h  resul t ed i n  the  deve l opment o f  

a s odiu m a l g i nate an d ca l c i um carbonat e  b i nd in g  

mechan i sm f o r  s t ruc tured beef  s t eak s  whi ch would 

e lim i n a t e  the need for the addi ti on of s a l t  an d fun ct i on 

i n  both the r aw, r e f r i g e rated s t ate and the  cooked 

produc t. S i nc e i t s dev e l opmen t , the  proce s s has b een 

pat e n t e d  ( Schmi dt and Mean s , 1 9 8 6 ) an d appr ov ed for 

commerci a l pr oduc t i on ( US DA/FS I S , 1 9 8 6 ). 

The a l g i n/c�lci um b i nd i ng- sys t em pa tent ed ·by 

Schm i d t  and Means ( 1 9 8 6 ) i s  bas ed upon the g e lat i on 

c apab i l i t i es o f  �he po l ys accha r i de hydroc o l l oid. W hen 

compar ed to o ther  g e l  form i ng h ydroco l l o i� s , � elat i on b f  

a l g i na t e  i s  un i que s in c e th� reac ti on i s  ch em ical ly_ 

rath e r  the  the rma l ly ·i n� uced. 

vari ou s  i n o r g ani c s a l t  f o rms , 

. . . 
Algi n i c  aci d and i t s 

re ferred t o  a s  al g in and 

a l gi na t e , r e s pec t i ve l y , are l in ear po l ys accharides 

c ompo s ed o f  D -mannuron i c  ac id  ( M-bl ock r e g i ons ) and L-

g u l u ro n i c  ac i d  ( G-block reg i on s; McDowe l l, 1 9 7 7 ; Mo r r i s  

e t  a l . ,  1 9 7 7 ; Rees  and We l sh , 1 9 7 7 ; C o t t r e l l  and K ovacs , 

1 9 8 0 ; Morr i s  e t  a l. ,  1 9 8 0 ; Gl i ck sman , 19 8 2 ; Sand , 1 9 8 2 ) . 

A l g i na t e  g� l s  are form� d  by i n t e rmo lecul a �  as soc i a t i on 

o f  p o lj valent  cat i ons ( exc ept magne s i um) wi th 

pr edom i nate l y.G-bl ock r e g i ons of the po l y s accharide 

mo l ec u l e s. Calci um i on s , the mo s t  common l y u s ed s ource 
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o f  c a t i on s  i n  food sy s t ems , are  supe r i or to  other 

po l yva l en t  c a ti o ns i n  the i r  i nt e rac t i o n wi th alg in ate 

( McD ow e l l, 1 9 6 6 ; C o t t r e ll and K ovac s) 1 9 8 0 ; San de rs on , 

1 9 8 1; G li ck s man , 1 9 82 ). 

Val ue enhancemen t o f  car c a s s  port i on s  that are 

c u r r e n t l y  deemed t o  be of r e l a t i ve l y  li m i t ed value i s  

the  b a s i s  f o r  s e l ec t ing raw mater i a l s  fo� s t ructur ing 

( B r ei den s t e i n, 1 9 8 2 ) . Depre s s ed c o n s ume r demand for 

t r ad i t i o n a l  chuck r oas t s  an d st eak s has f o rced th e be e f  

c huck t o  th e f o r e frp nt a s  a po t en�i a l  s ource o f  raw 

mat e ri a l fo r s t ruc tured b�e f  produ6 t s .  S eid ema n  ( 1 9 8 2 ) 

i ndi ca t ed t h a t , i f  s truc tured s teak s wer e  t o  be produced 

f r om t h e  mus c l es o f  the chuck , a means  of de� rading or 

r emo v i ng c on ne c ti ve ti s sue w a s · ne� ded s o  that the meat 
. . 

woul d  n o t  h ave to  � e · � o  fi n e l y  f l �ked or  c omm inuted . 

B r e i dens t e i n  ( 1 9 8 2} · advi s ed that cauti o� mus t  be 

exe rc i s ed  i n  the manu fac ture of s t ru c tu red produ c ts wh en 

u si ng -��w materi a l s  w hi c h have heavy concent rati ons o f  

c on nec t i ve t i s s u e  embedded i n  t h e  mu s c l e  mas s . 

Dep r e s s ed c onsumer demand f o r  t radi ti ona l be ef 

c huck r oa s t s  and s t eaks has been a t t r ib uted  to  

c ompo s i�� onal  d i f f e ren6 e s re lated t o  in t e rmuscular fat 

q uanti t i es a nd w i de vari ati ons i n  pa la tab{ l i ty of t he 

nume rous  mu s c l e s  present ( Paterson  and Par r i sh, 1 9 8 6 ) . 
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Un t i l  r ec en t l y ,  m i n i ma l  bas e l i ne i n format i on was 

av a i l ab l e  o n  t h e  i nh e r en t  charac te r i s t i cs  of the beef 

chuck and/ o r  a maj o r i ty of  the in d iv idual mu s c l e s  that 

are  p r e s en t . C harac t e r i zati on s tudi es of  t h e  musc les  in 

the  c h uck (McKeith e t  a l ., 1 9 8 5 ; Pat er s on and Pa r r i sh , 

1 9 8 6; C ho i  e t  a l . ,  1 9 87 )  an d the forequ art e r  (John s on e t  

a l. ,  1 9 8 8 a ) h av e  s ugg e s t ed that c e r t a i n  m,u s c l e s may be' s t  

b e  u t i l i z ed i f  r em ov ed a nd marketed separate l y . 

I n  an extens iv e  character i zati on s tu dy o f  the 

f o r eq ua r t e r  p e r f o rm�d a t  South Dako ta S tate  Un iv e� s i ty ,  

J oh n s o n  e t  a l  • . ( 1 9 8 8 a ) r epo rted th e se rratu s v e. ntral i s  

( SRV ) musc l e , l o� at ed p r i mar i l y  i n . the ch uck , was the 

l a rg e s t  mus c l e  in the f o r eq uar� er and po s s � s� ed a 

t end e rne s s  pr o f i l e  comparab l e  to the l ong i s s imu s  dorsi �' 
. . . . 

T he s e  t e nd� rn e s s  ev al �� � i on resu l t� � er e  i � ag�e ement 

w i th t h o s e  p r e s �n t ed by  Sm i th et  al . ( 1978) , Pat e rson 

and Par r i sh ( 1 9 8 6 ) and C ho i  et al . ( 1 9 87 ) . Mo r eo ver, 

the  SP SU charac t e r i zat i on s tudy found S RV t o  be 

r e l a t iv e l y  f r ee of  i nt e rnal con nec t iv e  t i s su e  s eams w h en 

c ompa r e d  t o  the  o ther  ma j or mu s c l e s  o f  th e chu ck 

( in f r a s p i natus  and the t r i c eps  brachi i c ompl ex ) . 

A l t h ou g� S�V was f ou nd t o  be the larges t  � us c l e  i n  the 

f o r eq� a r t e r  and / o r  chuc k , the th i ckne s s  oi SRV di d· no t  

appea r  t o  b e  c ondu c iv e t o  t h e  produc t i on o f  c onsumer 

d e s i red  s teaks . How ev e r ,  becau s e o f  the fan - l i k e  shape 
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o f  SRV , it appea red feas ibl e to st ack and b i nd two SRV' s 

tog e th e r  and sub s e quent l y cut st eaks f rom the  musc l e  

ma s s . 

The g oa l  o f  t h i s  res earch was to  deve l op a new 

g en e ra t i on o f  st ru c tured bee f produc t s  wh i ch ( 1) could  

b e  mark e t ed i n  t h e  raw , re f r ig e rat ed s t at e  and ma in tain  

i n t eg r i t y d u r ing cook i ng ; ( 2 )  con ta in ed no s a l t , and (3) 

p o s s e s s ed the  t r ad i t i onal  st eak appea ranc e  becaus e o f  

de s i r ab l e  f i be r  o r i en ta t i on . S pec i f i c  ob j ect i ves  o f  

th i s  p ro j ect i nc l ud�d : 

( 1 ) Dev e l o pment o f  a b i nder ut i l i zi ng. 

a l g� n/cal c i um whi ch could adh e si ve ly fuse 

who l e  mus c l es . 

( 2 )  Evaluat i on  o f  the consum e r acceptab i l it y 

o f  s o l id� mus c l e  s truqtti red s erratus 

vent ra l i s  s teaks . 

( 3 ) Compa r i s on o f  the s ens o ry , p hys i cal and 

chemi cal charac t e r i s t i c s  of s o li d-musc le 

s t ructured s e rr atus ventral i s  s t eaks  wi th 

i ntac t r i b eye st eaks and c ommi nu ted 

st ruc tured st eaks . 

Up o n  real i zat i 6n o f  th e s e  res earch obj ec t ives , a 

s o l i d -m us c l e  s truc tured bee f produc t wou l d  be devel oped 

that woul d  p oss e s s  tra i t s c omparab l e  to many c onsumer  

p r ef e rred bee f  s t eaks . T he ext ens i on o f  b ee f  product 
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l in es t o  i nc l ude th i s  t ype of  p roduc t f o r  t he c onsumer 

wou l d  enhanc e the v alue of the b ee f  carca s s  at a l l  

l ev e l s  wi t h i n the i ndus t ry . 
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Chapter I I .  

EFF ECT OF ALGI N / CALCI UM AND AD I PI C  ACI D 

CONCENTRAT I ON S  ON MUSCLE-J UN CT URE FORMAT I ON 

In troduc tio n 

Tr adi t i ona l l y , th e b i ndi ng ph enomenon b etween 

meat  c hunk s  i n  s tr uc tur ed pr oduct s  h a s  bee n  ach i eved 

t h r ough h ea t - s e t  gels f o rmed by mus cl e  or non-muscl e  

pr ot e i n s, r eg ar d l e s s  o f  pr oduc ti on m e thod ol ogy and/ or 

meat  par ti cl e si ze  1Br ei dens t ei n , · 1 9 8 2 ) . Recen t l y , a 

bi nd i ng s y s t e m  u t il i zi ng the h ydr oc ol loid al·g i n. ate was 

pa t ent e d  ( Sc h mi d� and M eans, 1 9 8 6 ) and approved for 

c om mer c i al p r oduc ti on ( USD A/F SIS , 198 6) ca�ab l e  of 

b i ndi ng c omm i nu t ed s t ructur�d pr od uc t s  in bo th the raw, · 

r e f r i g er a ted f o rm and the c ooked � ta t e . The newl y  

dev eloped b i nd i ng s ys tem (Schmidt and Me ans , 19 8 6 ) 

u tili z e s  the  ab i l i ty o f  alg in a t e  t o  . f o�m i ns tan tan eous 

g e l s  b y  �eac ting w i th calci um s a l t s .  T h e  avai l ab i lity 

o f  f r ee calc i um i o n s  con t r o l s  t h e  deve l opment o f  the 

c h e m i ca l l y- i nduced alg in/ca l c i um g e l , and calc i um i on 

avai l ab i l i ty depends on the s o l ub i li t y of the calc ium 

s a l t. u s ed and the  pH of the s o l ut i on ( Cot t re l l and 

Kovac s-, 19 8 0 ; G l i c ksman , 19 8 2 ) .  

A t tempts t o  dupl i cate the  t e x tural proper t ies  o f  

i n tac t musc l e  and enhance s ens or y  p e rc epti on o f  
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s t ruc t ured meat produc t s  resulted i n  th e adapta t i on o f  

c u r e d  m e a t  t echno l o gy ( Schm i dt, 1 97 8; Add i s  and S chanus , 

1 9 7 9 ) i n  t h e  produc t i on o f  s t ruc tured p r o duc ts f rom 

large  mu s c l e  pi e c e s , i . e .  s ec t i oned and f o rmed p ro duc ts 

(D a l t o n , 1 97 9 ; Hu f fma n  and C o rdray , 1 97 9 ; B o o r en et al . ,  

1 9 8 1 a , b , c , 1 9 8 2} .  Al th ough the newly d e v e l oped b i nd i ng 

sy s t e m  o f  Schm i dt and Means ( 1 9 8 6 ) has  b� e n  u s ed 

suc c e s s fu l l y i n  c omminu ted pr oduc ts, eva l ua t i ons o f  

s ec t i oned and f o rmed s t ructured produc t s  bound by the 

hy d r oc o l l o id sy s t em- have not been pe r f o rmed . 

Hy d r oc o l l o i ds are  known t o  pos s e s s  riume rous 

func t i onal  proper t i e s  that make them u s e fu l  i n  food 

app l i c at i ons  i n  add i t i on t o  g e lat i on capa? i l i t i e s . One 

s� ch p r op e rty i s  t h e  adh e s i ve qual i ty o f  hy droc o l l o i ds · 

du e t o  the i r  h i gh a f fi n i ty for wat e r' · and the i r  abi l i ty 

t o  i n t e rac t w i th pici t e i ns and l i p i ds c omm only found in 

f o od ( Gl i cks man , 1 9 8 2 ) . The current pap� r  add re s s e s  the 

deve l op me n t  o f  s t ruc tur ed produc t s  from i n tac t mus c l e  

s ys t em s  bound by t h e  adh e s i ve prope r t i es o f  an 

a l g i n / ca l c i um g e l . 

F o rma t i on o f  a coh e s i ve ma t r i x  i n  s t ruc tured 

meat  p rodu6 t s  depends �n the bind i ng f or c e s  between meat 

chunk s . B i nd i ng s t reng th i s  de f i ned as t h e f o rce p e r 

uni t  c r os s - s ec t i ona l area  requ i red t o  pu l l  apart bound 

p i ec e s o f  meat and inc l ude s a measure  o f  both the 
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c oh e s i ve f o r c e  exerted be tween the  b i nd i ng ma t r ix and 

t h e meat  p i e c e s  and the s treng th o f  t h e  b i nd i ng matr i x  

i ts e l f  ( Schm i dt and T rout , 1 9 84 ) . I n · order t o  reduce 

c o s t s  wh i l e pro v i d i ng valu ab l e  i n s i g h t s  i nto  t h e  

proc e s s e s  i nv o lved , mode l sy s tems have  b e e n  u s ed to 

ev a l ua t e t h e b i nd i ng s t reng ths 6 f  i s o l at ed musc l e  

pro t e i ns ( S ame j i ma e t  a l . ,  1 9 6 9 ; Mac f a r l ane e t  al . ,  

1 977 ; S i e g e l  and Schm i d t , 1 9 7 9a , b ) , rion-mu s c l e  protein  

a dd i t i ve s  ( S i eg e l  e t  a l . ,  1 9 7 9; T e r r e l l  e t  a l . ,  1 9 8 2 ) 

and a l g i n/ c a l c i um ge._l s  ( Means and ·s chmidt., 1 9 8 6 ; M· eans 

e t  a l . ,  1 9 8 7 ) . The obj ec t i ve o f  t h i s  ex p e r iment was t o  

u s e  a mode l s ys t e� to ev aluate t he e f fec t i vene s s  o f  t h e 

a l g i n /calc i um g e l a s  a n  adhes i ve b i nde r  in s t ruc t ured 

be. e f  s t eak s . 

_ Ma ter i a l s  ari d Methods  

A r andom i z ed c ompl ete  b l ock  d e si gn w as used to  

s tudy the  b i nd i ng s t rength of  a l g i n / c a l c i um/adi p ic  ac i d  

g e l s  b e t� ee n. t w o  meat b l ocks i n  bo th raw and cooked 

s ta t e s . T r e a tmen t s  w e re ar ranged fac t o r i a l ly ( Tabl e  1 )  

w i t h  f ive l e ve l s  o f  s o d i um a l g i na t e /calq i um carbonate 

( ALG ; _ Ma�ugel D MB ,  K e lda , San D i ego , CA� ari d CA ; G amma 

Spe r s e · so ,  G e o rg i a  Marble  Co . ,  Tate , GA, re spec t i vely) 

and t hr e e  l ev e l s  o f  encapsulated a d i p i c  a c i d  ( AD ;  CAP

SijURER A -.M l 0 0 - 7 0 , Balchem Corp ., S l a t e  H i l l , NY ) .  
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Tab l e  1 - V a r i ab l e s  and expe r i menta l de s i gn 

T r e atment 
code a 

I-L 
I -M 
I - H 

I I - L  
I I -M 
I I -H 

I I I -L 
I I I -M 
I I I -H 

IV-L 
I V -M 
IV-H 

V-L 
V-M 
V-H 

Ingred i ents  and l ev e l (%) 

ALGb 

2 . 0 0 
2 . 0 0 
2 . 0 0 
2 . 2 5 
2 . 2 5 
2 . 2 5 
2 . 5 0 
2 . 5 0 
2 . 5 0 
2 .7 5  
2 .7 5  
2 .7 5  
3 . 0 0 
3 . 0 0. 
3 .  0 0. 

0 . 3 6 0  
0 . 3 6 0  
0 . 3 6 0  
0 .40 5 
0 .4 0 5 
0 . 4 0 5  
0 . 4 5 0  
0 . 4 5 0  
0 . 4 5 0  
0 . 4 9 5  
0 . 4 9 5  
0 .4 9 5 
0 . 5 4 0  
0 . 5.4 0  
0 . 5 4 0  

8 0  
1 0 0  
1 2 0 

8 0  
1 0 0 
1 2 0 

8 0  
1 0 0  
1 2 0 

8 0  
1 0 0 
1 2 0 

8 0  
1 00 
1 2 0 

• Roman � umeral o f  t r ea tmen t  c od e  re fers  
t o  s od i um a l g i nate /calc i um carbona t e  l eve l 
and l e t t e r  i s  adi p i c  ac i d  l ev e l  ( l ow ,  
med i um, h ig h ) .  

·· 

b ALG = s od i um a l g i na t e , pe rcent  o f  a 
3 0  ml  ( w/v ) d i s t i l l �d wa t e r  s o lut i on . .  

c CA = c a l c.ium c a rbonat e ,  p e rcent  o f  a 
3 0  m l  (w /v) d i s t( l l ed wa t e r  s o l u ti o n .  

·d A D  = ad i p i� ac i d, pe rcent o f  b p t i mum 
ad i p i c  ac i d  to cal c i um i o n rat i o  . . 

Leve l s  o f  ALG and CA we re c h o s en based  on  t h e  ideal 

a l g i n  to c a l c i um i on rat i o  ( 2 . 5 : 0 . 1 8 )  and CaC03 

s o l ub i l i t y (A nonymous , 1 9 8 4 ) . Adi p i c  ac i d  l eve l s  we re 

bas e d  on  the theo r e t i c� l ly ideal  AD t o  c a l� i urn i on rat i o  

( 0 . 5: 1  
.
. 0) needed t o  ach i eve c omp l e t e  C aC03 i on i zation .  

The s tudy w as -repeated i n  i t s en t i r e t y  f i ve t i me s  to 

g i ve f i v e  c om p l e t e  repl i cate s . 
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F re s h  ( 2 -day po s tmortem ) bee f  i n s i de rounds ( M .  

s emimemb ranosus and M .  adduc t o r  from USDA Cho i ce 

c a rca s s e s , John Mo r r e l l  and C o . ,  Si oux Fal l s , SD) were 

def at t ed , cut i n t o  b l ocks 4 e m  x 8 e m  x 8 e m  and tumbl ed 

(VORTRON Mod e l  # 2 5 0 ; E - Z ube r Eng i ne e r i ng, I nc . , 

M i nneapol i s , MN ) for  1 min (4 rev ) to i ns ur e  t o tal  

randomi za t i on .  I mmediately  fo l l ow i n g  tumb l ing , meat 

b l oc k s  wer e  pa i red and a 0 . 1 e m  x 8 e m  x 8 e m  s l ice was 

c u t  w i th a de l i - s tyl e s l icer ( Hobar t  Manufacturi ng Co . ,  

T ro y , OH ) f r om the  c on tac t surf ac e  o f  e ach b l oc k  a nd 

placed i n  a labe l ed Wh i r l -Pak bag f o r  s ubsequ en t  raw pH 

dete rm in at i ons . 

F o r  e ach pa i r  o f  me at  b l o c k s , AD w�s m i xed w i th 

a sp at u l a  i nt o  3 0  ml of  prech i l l ed · ALG/CA s o lu t i on for 

30  s ec . The g e l  s ol uti on was i mmedi�t e l y  spr ead w i th 

a s pa t u l a  o n  the c on tac t s ur face o f  the f i rst meat b l ock 

h e l d  i n  a p l ex i g l as s  mo ld (8 e m  x 8 e m  x . 1 5  e m ) .  The 

s ec ond . meat  bl ock was then i n t rodu c e d  in to the mold and 

b r ough t  into  c ontact w i th the ALG/CA/AD s o lut i on .  Care 

was taken dur i ng th i s  s tep to (1) a s sure the mu scle  

f i be rs of  both  b l ocks were  par al l e l , ( 2 )  e l im i nate 

any v i_ s ibl� a i r  pocke t� trapp ed i n  the b i n� ing z one , a nd 

( 3) min i m ize t he l o s s  o f  b i nd i ng g e l  f rom t he c entra l 

re g i on s  due to ex t reme pressu r e . 

F o l l owing a 2 0 -h r  s e t -up pe r i od a t  4t1•C, meat 
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b l ocks  wer e cut  wi th a kn i fe tr ansver s e  t o  the  mus c l e  

f i b er s  w i t h  t h e  a i d  o f  a p l e x i glass mo ld i n to 

1 2  - 1.5 em x 4 em x 8 em s t� ak e t t e s . · Fr om the  e i gh t  

c en t er s t e ak e t t e s  o f  each meat block, four s teakettes  

wer e  r andom l y s e l ec t ed for r aw b i nd evalua t i on . The 

other f o ur c enter s teake ttes wer e  u s ed for c o oked · 

eva l ua t i on . M i n im um and max i mum g e l  thi ckne s s  

meas u r emen t s  wer e taken o n  each s t e ak et te im med i ate l y  

f o l l owi ng cu t t i ng and r em oval o f  extr aneous g e l  a l ong 

the edg e s . Ge l t h i ckne s s  was r ec o rded as an av er age of 

the s e  t w o measur em ents  f or e ach s t e ake tte . 

S teakettes for cooked eval uat i on wer e gr i l l ed on 

Farbe rwar e  open hear th e l ec t r i c  br o i l e rs ( �y er ag e  

t emper a tur e at  s t e ak sur face = 1 6 0�170° C ) .  S teakettes  

wer e  c o oked for a c onst an t  t ime ( 5 mL n and 4 mi n per 

s i de; AM SA, 1 9 7 8 ) to a medi um-r ar e  ·degr ee o f  donen e s s  as 

j udg ed by s tandar d  color pho t ogr aph s · ( NL S. & MB , 1 9 7 9 ) .  

Cook yi e l d  was de t er mi ned on each s t eak ette  a s  fol l ows : 

Cooked s teak e t te we ight 
C o ok y i eld  (%) = ----------------------- * 1 0 0% 

Raw s teak e t te w e ight  

- . Sub j ec t i ve as s e s sm ent  of  r aw and cooked 

· s teak e t te j unc ture succ e s s  was per f or med pri or to  

obj ec t i ve measur ement o f  bi ndi ng s tr ength . Junctur es 

wer e · cl as si fi ed as succ e s s fu l  if the j unc tur e s  r emain ed 
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i ntac t dur i ng h a nd l i ng o f  the s t e ake t t e s  i n  preparat i on 

fo r t h e  obj ec t i ve measur ement o f  bind i ng s tr ength . 

Bi nd i ng s t r eng t h  w as d e t e rm i ned wi th a T hw i n g 

Albe r t  (M ode l 6 5 TM;  Ph i l adelph i a , PA) Tens i l e  Te s t e r  

w i t h  c r o s shead speed o f  1 mm/ s ec and eq u i pped w i th a 

2 -kg t e ns i o n  l o ad cel l  and spr i ng - load ed g r i ps . P eak 

f o r c e  ( g  force / 5  cm2 j unc ture i n t e r fa c e ) r�q u i red t o  

s epara t e  e ac h  s te ak e t t e  at t h e  b i nd i ng j unc t i on w as 

r ec o rded for  th o s e  s t eake ttes  w h i ch h ad s ucc e s s ful 

j unctures . Cooked s t eake t t e s  w ere al l ow ed t o  

eq u il ibrate t o  r o om t empe rature b e f o r e  peak fo rce 

eva l ua t i on .  

Raw pH w as d e t e rm i ned i n  dupl i cat�. by 

b l e nd i ng 5 g o f  m eat  s ample· rem oved pr i o r to gel  

appl i c a t i on w i t h  SQ·.ml · o f· d i s t i l l ed. w� t e r  i n  a War i ng 

B l e nde r for  20 s e c . ·H ydrog en i on conc en t rat i on o f  the 

meat s lur r i e s w a s de t e rm i ned w i th a B eckm� n  (Mod e l pH I 

4 1) pH m e t e r  i n  conj unct i on w i th a Bec kman c ombi nat i on 

e l ec t r od e .  Fo l l ow i ng c o oked b i nding  s t r ength 

measu rements , c o o ked s t eakettes  w ere d i v i ded i nto 

t h i rds , w i t h  each th i rd prepared for pH meas urement in a 

manner _ s imil a r  to  the  r aw s amp l e  procedur e .  

Raw and c o oked j unc ture succ e s s  data were 

analy z ed us i ng ·Ch i - s quare ana l ys i s  ( S te e l e  and Te r r i e ,  

1980). Cont i nuous data we re anal yzed u s i ng g eneral 
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l i ne a r  mode l proc edure ( GLM ) - l ea s t - s quare s  ana lys i s  o f  

var i an c e ( SAS ,  1985). When s i gn i f i c ant  d i f f e renc e s  we re 

detec t ed among treatmen t  means , di f fer enc e s  be tween 

means we r e  d e t e rm i ned by l ea s t  s i gni f i cant d i f fe rence 

( S t ee l e  and Torr i e, 1 9 8 0) .  

Re s u l t s  and D i scus s i on 

Th e ma in pu rpo s e  o f  th i s  i nv e s t i g a t i on was to 

expl o r e  wh e th e r  a l g i n/ca l c i um g e l s  could  be  u s ed as 

b i nd i ng ag e n t s  be tween l a rg e  meat p i e c e s  i n  s tr uct ur ed 

pr oduc t s . P re v i ou s  use  o f  alg in/cal c i um g e l s  in . 

s t ruct u r ed meat p roduc ts has ut i l iz ed the g e l at i on 

c apab i l i t i e s  o f  the s ys tem to form a c o h esive ma trix 

(Schm i d t  and Means, 1986). · I n  con t ra st , e f f i cacy of  the 

curren t app l i cat i on o f · . the a l g i n/cal6 i um g e l  i s  

c on t i ng ent  upon the adh e s i ve qual i t i e s  o f  the  gel . 

C o n t r o l  o f  the chem i ca l ly - i nd uc e4 g e l a t i on o f  

a l g i n  a n d  ca l c i um may b e  acc ompl i shed b y  numerous 

t echn i qu e s , i nc l udi ng the s ol ub i l i ty o f  the calc i um sal t 

u s ed and the  pH o f  the s o l u t i on ( Co t t r e l l  and K ov ac s , 

1980; G l i ck sman , 1982). S ince CaC03 i s- r e l a t i ve l y 

i n s o l·ub le. :l n  c o l d  wa ter ( CRC , 1972; Anon ym ou s , 1 9 8 4 ) , 

a l t e ra t i on o f  the a l g in/cal c iu m  s o l u ti on pH was used to 

c on t r o l the io n i zat i on of CaC03 in the cu rrent 

appl i c at i on . One method o f  accompl i sh i ng th i s  
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a l g i n/ ca l c i um s o l ut i on pH a l terat i on i s  t h r ough the 

addi t i on of s l ow l y r e l eased ac ids . 

A l th o ugh a s l ow l y  r e l eased aci d  was i nc l uded i n  

t h e  p a t e n t  d i s c l o sure  (Schmidt a n d  Means , 1986) and the 

c omm e rc i a l  pr oduc t i on app rova l (USDA/FSIS, 1986) for an 

a l g i n / c a lc i um b i nd i ng ag ent , re s u l t s  o f  s t udi e s  

eva l ua t i ng t h e  b e n e f i t s o f  th i s  i ng r ed i en t  a r e  

i nconc l u s i ve . Mean s  (1985) s tated t h e  i nc lu s i on o f  th e 

s l owl y re l e as ed ac i d  g l ucono -de l ta - l ac to n e  (GDL) may 

prom o t e  s trong e r  b i nd i ng of meat p i e c e s  by the. 

a lg in / c a l c i um g e l  i n  comm i nuted s truc tured p� oduc ts . 

Res u l t s  o f  p r e l i m i nary s tud i e �  c onduct ed by Means et  a l . 

(1987) su gge s t ed the u s e  o f  GDL may d e t e r, the  

unde s i rab l e  f lavo r  and m outh fe e l  o f  a l g i n /c a l c i um bee f  

r e po r t e d  by  Means and S chm i dt ( 1986.), · bo th o f  wh ich w e re 

a t t r i bu t ed to the p r e s e nce of unreac t ed N a - a l g i nate . 

Howev e r ,  r es u l t s  r epo rted by Means et a l  •. ( 1987) showed 

th e add i t i on of GDL d i d  not improve b ind i ng in the raw 

s ta t e  o r  mou t h f e e l .  

The l ack o f  imp rov ement in t h e  phys i cal  and 

s en s o ry t ra i t s o f  the a l g i n/calc i um s tructu r ed products  

i n  �h e  s tudi c onduc t ed �y M eans e t  a l . ("1987) could 

· � o s s ib l y  be expl a i ned by an i nsuff i c i ent a l t e rat i on' of 

t h e system pH to  max im iz e  calc i um i on avail ab il i ty .  The 

sl owl y r e l ea s ed ac id  included by Means ( 1985) and Means 
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e t  a l . ( 1 9 87 )  was encapsu l ated i n  a parti a l ly 

hyd ro g e na t ed v e g etabl e oi l ,  whi ch has a me l t i ng po int 

rang e o f  5 7 - 6 2° C  ( Bie l sk i , 1 9 8 7 ) . _Th us , maxi mum pH 

a l t e ra t i on was n o t  ach i e ved unti l  the  p r o duc t was 

c o o k ed . C o n s eq ue nt l y , i n s u f f ici en t  ti me wa s ava i lable 

f o r  i nt e rna l s e t ti ng o f  the  a l g i n/cal c i um g e l  pr i o r  to 

s en s o r y  e va l ua ti on , pos s i b l y  resulting in :the  pres ence 

of unreac t ed Na-al g i nate  ( C o tt r e l l and Kovac s , 1 9 8 0 )  and 

t h e  d e t ec t i on o f  a s s oci at ed undes i rabl e m ou t h f e e l  ( Means 

and S ch mi dt , 1 9 8 6 ) . -

The r e f o r e , a l t e ra t i on o f  the a l g in /ca l cium 

s o l u t i on pH i n  t h� current study was ach i eved through 

the u s e  of a s l owly r e l eased adi p i c  ac i d  e_n�apsulated in 

a w a t e r  s o l ub l e  ma l ta -dex t r i n  coating ( B i e l s ki, 1987). 

Lo s s  o f  the  mal ta -dextrin coat i ng up6ri intr6duc ti on of  

t h e  encap s u l a t e d  adi p i c  ac id  i n t o  the  a l g i n/ca lc i um 

s o l u t i o n r e s u l t e d  i n  the  gradual r e l e a s e  ?f the adip ic 

ac i d . .The  sub s e quent reduc t i on of  the  g e l s o lut i on pH 

was be l i eved t o  enhanc e the  gelati on reac t ion , r educing 

the  i nc i de nc e s  o f  spo t  g e l ati on and the  pr e s ence of 

unreac t ed a l gi na t e , and the r eby i nc r ea s e  the adh e s i ve 

qua liti e s_6 f  the  resul t i ng g e l . 

Ana l ys e s  o f  the pai r ed meat b l ock raw pH 

i nd i c at e d  a mean va lue o f  5 . 3  w i th a range o f  5 . 1  t o  

5 . 8 . · I n  addi t i on ,  mean raw p H  di ffe rence  betw een the 
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p a i r e d  meat  b l oc k s  w as 0 . 09 wi th a ran g e o f  0 . 0  t o  0 . 3 0  

( no t  p r e s e n t e d  i n  t abu l a r  form ) . N o  d i f f e renc e s  

( P > 0 . 0 5 ) we r e  de t e c t ed i n  a n y  o f  t h e  charac t e r i s tics  

eva l ua t ed due t o  t h e  i n t erac ti on of  A L G / CA and A D  or the 

mai n  e f f ec t o f  AD at  the theoreti c a l l y  i de a l  l e v e l  to 

ach i e v e  c omp l e t e CaC 0 3  i oni za t i on and at l eve l s  2 0% 

abov e  and b e l ow t h i s  i deal  l evel . The r e f o r e , mean 

va l u e s for  a l l  t ra i t s e valuated are r e p o r t e d  by ALG / CA 

l e ve l s  on l y . 

Re s u l t s  o f  raw j uncture s uc c e s s  and b i nd i n g  

s tr e n g t h  o f  s ucc e s s fu l l y  bound· s te ak e tt e s  are  shown in  

T ab l e  2 .  Raw j uncture s ucc e s s  increased a s  ALG / CA 

c on c e n t rat i on inc reased . Ch i - s qua r e  anal rs � s  i ndicated 

no d i f f e r en c e  ( P > 0 . 0 5 )  be tween ALG / C A l ev e l s  III , IV and· 

V f o r  raw s t e ak e t t e- . j �fic ture succ e s s , but  the  succ e s s  

r a t e  was g r e a t e r  ( P < O . O l ) f o r  thes e  t h r e e  g roups than 

f o r  l ev e l s  I and I I . B i ndi ng s t re n g th o f  raw s t eak e t tes  

was g r e a t e s t  ( P < 0 . 05 }  for those  bound by A L G / C A  l eve l V ,  

l o we s t  ( P < 0 . 05 )  f o r  ALG / CA l eve l s  I and I I  and 

i n te rm ed i a t e  for ALG / C A  l eve l s  I I I  and IV . 

Cooked  j unc ture succe s s  and b i ndi n g  s t rength 

r e s u l t s  a�e pr e s en ted in Tab le  3 .  S i m i lar to  the raw 

s t eake t t e  r e s u l t s , j unc ture succ e s s  i nc re a s ed as ALG/CA 

c o nc e n t ra t i on s · i nc reas ed .  Ch i - s qua re  ana l ys es indica ted 

c o o k � d  j unc t u re s ucc e s s  was not d i f f er e n t  (P > 0 . 05 )  
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Tab l e  2 - E f fe c t  o f  a l g i n / calc i um c o nc e nt r a t i on on 
j unc t u r e  s u c c e s s  and b i nd i ng s t reng t h  of s uc c e s s fu l l y  
bound r aw s t eak e t t e s  
- - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

T ra i t  

Junc t u r e  
s uc c e s s c 

B i nd i ng 
s t r e ng t h d 

I 

2 0  

I I  

3 3  

6 Q e 

I I I IV v 

4 9  5 4  5 9  

94 f 9 1' 1 3 4  

a ALG/CA = a l g i n/c alc i um �  S ee Tab l e  1 f o r  an 
expl ana t i on o f  t reatment codes . 

b S tandard devi a t i on . 
c s uc c e s s fu l  j unc ture s / 5 0  s t eakB t t e s . 
d P e ak f o r c e  ( g/ �  cm2 ) requ i red t o  b r e ak 

s ucc e s s fu l l y  bound s teak e t tes . 

5 8 . 5  

e , ' Means  w i th common s upers c r i p t s  d o  n o t  di ffer 
( P > 0 . 0 5 ) .  

between  ALG / CA leve l s  I V  arid V ,  bu t t h e  s uc c e s s rate w� s 

g r e a t e r  ( P < O . O l )  for �he s e  two group �  than l eve l s  I ,  I I  

and I I I . I n  add i t i on , cooked j unc t u r e  s t r ength 

para l l e l ed the cooked j unc ture succ e s s w � t h  ALG/CA l evel 

V nume r i c a l l y , but not  s tat i s t i ca l l y , t h e  s trongest  ge l . 

M e an · g e l  th i c kne s s  wa� not  d i f f e r e n t  ( P >0 . 0 5 )  

for t h e  f i v e  ALG/ CA leve l s  and ranged f rom 3 . 0  t o  3 . 7  mm 

( Tab l e 4 ) . S i ric e  the de s i red g e l  t h i c k ne s s  was between 

2 . 0  and 2 . �  mm , further i nves t i g a t i ons  d f  th i s  binding 

s ys t em s h o u l d  u t i l i z e  l e s s  g e l  s o l ut i on and an 

a l t e rna t i ve techn i que to  hold the pro duc t dur i ng the 

s e t -up p e r i od . 
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Tab l e  3 - E f fe c t  o f  alg i n / calc i um c onc e n t rat i on on 
j un c t u r e  s uc c e s s  and b i nding s t reng th o f  s ucce s s fu l l y  
bound c o o k ed s teak e t t e s  

Tra i t  

Junc ture  
s uc c e s s c 

B i nd i ng 
s trengthd 

I I I  

7 1 3  

8 6  1 0 3  

ALG/CA �  

I I I I V  v 

2 9  4 6  50 

1 2 7  1 4 7 1 ·9 3  

• ALG /CA = a l g i n / ca l c i um . See  Tab l e  1 f o r  an 
expl ana t i on o f  t reatmen t codes . 

b S t andard dev i a t i op .  
c su cc e s s ful  j unc tu res / S O  s teaket t e s . 
d Peak f o rce  ( g / 5 - cm2 ) requ i red t o  break 

s u cc e s s ful l y  bound s t eakette s . 

8 1 . 6  

Cook y i e l d  d i d  not d i f fe r  ( P > 0 . 0 5 ) , be tween the 

f i ve ALG / CA l eve l s  ( Tab l e  4 ) . Pre v i ou s  u s e  of . the 

c a l c i um a l g i na t e  g e lat i c n · mechan i sm - t o  f o rm a c oat ing 

f o r  re f r i gerated raw meat has resu l t ed i n  a reduct i on in 

sh r i nkage  ( Ea r l e , 19 6 8 ) . Uses  of c a �c i um .  a l g i nate ge l 

c o a t i n g s  a s  a de t e r rent to _ cook i ng l o s s e s  have yie lded 

m i xed r e s u l t s  ( W i l l i ams et a l ; ,  19 7 8 ; Wans tedt et a l . ,  

1 9 8 1 ) .  Means and Schm i dt ( 19 8 6 )  d i d  n ot f ind an 

i mp roveme n t  ( P > 0 . 0 5 )  in cook yi e l d o f  s tru c tured bee f 

s t e�ks . bound by the  a l g in/cal c i um g e l . Th e current 

· �ppl i ca t i on of the  a l g i n/calc i um ge l at i o n  reac t i on wa s 

such that no a l terat i ons o f  c ook i ng l o s s  we re 

ant i c i pa t ed , du e to  the fac t the  a l g i n /c a l c i um gel  w as 
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Tab l e  4 - Leas t - s quares  means for  ph ys i c a l  and chemical 
t ra i t s  of a l g i n / ca l c i um bound s t eake t te s  

ALG/CA• 

T ra i t  I I I  I I I  I V  v S E b 

Ge l 
t h i ckne s s  (mm ) 3 . 7  3 . 1 3 . 0  3 . 4  3 . 4  0 . 3 9 

SEc 0 . 2 2 0 . 18 0. 1 7  0 . 18 0 .  1 7  

C o ok y i e l d ( % )  8 4 . 8  8 4 . 3  8 4. 7 8 4 . 6  8 3 . 1  0 . 8 4 
SEc 0 . 5 8 0 . 6 5 0 . 6 9 0 . 9 4 0 . 6 4 

Cooked pH d 
Part 1 5 .  5 e  5 .  s e 5 .  5e 5 .  5 e 5 .  s e 0 . 0 1 
Par t  2 5 .  6 '  5 .  6 1 5 � 6 1 5 .  6 f 5 .  6 '  0 . 0 1  
P ar t  3 5 .  s e 5 .  s e 5 . s e . 5 .  5 e  5 .  5 e 9 . 0 1  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
• AL G / CA = a l g i n / ca l c i um . See  Tab l e  1 f o r  a n  

exp l an a t i on o f  t reatment  c ode s . 
b S t andard e rror  be twe en treatment g roups . 
c s t andard e rr0 r w i th i n  each tr eatmen t g roup . 
d P a r t s  1 and 3 are  the two end th i rds o f  th e  

cooked  s te ak e t t e s  and Par t  2 i s  the c en t e r . th i rd o f  
the  c o oked s t eak e t t e s . Or thogona l . contras t s  were made 
between  Part 1 and Part 3 �nd betw� en Par t s  1 and 3 vs 
Par t  2 .  

e ,  f Means w i th in · · a t r e atment c o l umn w i t h  a common 
supe r s c r i p t do n o t  d i f fe r  (P > 0 . 05) . 

app l i ed a s  an internal  s eam fo r the produc t and not as 

a s u r fa c e  coa t i ng . 

C o oked pH eva l ua t i ons i ndicated t h e  center th i rd 

o f  th� s teake t t e s  had a h i gher  ( P < O . O S )  �H than the end 

. �h i rds , wh i ch were  not d i fferent ( P > 0 . 0 5 )  f rom each ' 

o t h e r  ( Tabl e  4 ) . The add i t i on o f  the Na - a l g i nate and 

C aCO� l ed to  the  pH i nc rease  o f  the c en t e r  reg i on o f  th e 
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s t e ak e t t e s . Al thou g h AD i nc lus i on d i d  not i mprove 

( P > 0 . 0 5 )  the adhe s i ve b i ndi ng charac t e r i s t i cs of the 

ALG/CA g e l , AD wa s be l i eved to m i n im i z e  t h e  adv e r s e  

a l t e rat i on o f  c o oked pH . Th e r e fo re , fur t h e r  

i nve s t i gat i on s  o f  t h i s  b i nd i ng tech n i que shou ld b e  

c o n s c i o u s  o f  the  po s s ib l e  adve r s e  e f fects  o f  Na-a l g i nate 

and CaC03 to  f l avo r perc ept i o n  and c o n t i nu e  t o  evaluat e  

a l l  func t i onal  bene f i t s from t h e  addi t i on o f  an 

encaps u l ated ac i du l ant . 

Conc l u s i on s  

T h e  ALG/CA/AD g el can be used a s  an adhes i ve 

b i nd e r  i n  the  product i on o f  s t ructured be�f · s t eaks wh ich 

b i nd not onl y  in  the  cooked produc t , but a l s o  in  the 

raw , re f r i g e �ated s tate � · The s e  resul t s  i nd i cate that a 

b i nd i ng l aye r 3 -mm th ick w i l l  ach i eve max i mum j uncture 

s uc ce s s  in bo th the raw . and cooked pr tiduc t when the g e l  

s o l u t i ons  conta i n  a t  l ea s t  2 . 75% ALG and 0 . 54 %  CA . Th e 

addi t i on o f  AD was b e l i eved to enh ance the b i nd i n g  

charac t e r i s t i cs o f  the ALG/CA g e l  and reduce  the 

po s s i b l e adve r s e  e f f e c t s  that A L G  and cA · wou l d  have on 

the  p�latab i l i ty t ra i t s  o f  the produc t s . Fu rther  

� e s earc h  i s  n ec e s s a r y  to  de t e rm i ne i f  the  l eve l s  o f  the  

thr e e  i n g r ed i ent s u s ed t o  form the  b ind ing  gel  were 

opt im i z ed . Th ere f o r e , further  pro j ec t s  shoul d  

I 
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i nve s t i g a t e  h i g h e r  c onc e n trat i o ns o f  t h e  ALG/CA s o l ut i on 

and b r oader rang e s  o f  the AD l ev e l . 

P r o duc t i o n o f  s o l i d-mus c l e  s t ruc t u r ed pr oduc t s  

us i n g  wh o l e  mu s c l e s bo und b y  a t h i n  l aye r o f  adh e s i ve 

ALG/ CA/ AD b i nde r wou l d  enhance c o n s um e r pe r c e p t i o n of 

s t ruc t u r e d me a t  pr oduc t s . Pr oduc t s  p r oduc e d  by th i s  

t e ch n i que wou l d  p o s s e s s  s en s o r y  advan tag e s � o f  s ec t i oned 

and f o rmed s t ruc tured pr oduc t s  and c o u l d  be mark e t ed i n  

th e raw , r e f r i g e ra t e d  s ta t e . 
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Chapter I I I . 

SENSORY , CHEMI CAL AND PHYS I CAL CHARACTER I ST I CS 

OF FOUR TYPES OF BEEF S TEAKS 

I n t r od u c t i o n 

S truc t ur ed meat produc t s  have b e e n  i nd i cated as 

a v i ab l e  m e t h o d  of e nhan c i ng the va l u e  of l e s s  p r e f e r r ed 

c a r c as s po r t i o n s  ( B r e i de n s t e i n , 1 9 8 2 ) . Due to th e  h i gh 

degr e e  o f  vari ab i l i ty i n  the cu t - out y i e l d and 

pa l a tab i l i ty characte � i s t i c s  o f  t h e  numer o u s  musc l e s  

p r e s e n t , th e b e e f  f o requart e r , part i c u l ar l y  t h e  dhuck , 

has b e e n  v i ewed a s · a pr i mary s ou r c e  o f  raw mat e r i al for 

va l u e - added b e e f  p r o duc t s . S i nc e  t r ad i t i ona l  

fab r i c a t i o n t ec h n i qu e s  r e su l t  i n  t h e  s ubd i v i s i on o f  

s e v e r a l  mus c l e s  w i th i n  the chuck , pre v i ous s t ruc t u r i n g  

r e s e a rc h  h a s  u s ed t h e  ent i r e chuck a s  a l e an s ourc e 

w i t h o u t  any p r e f e r enc e f o r  t h e  var i ou �  mu sc l e s . 

H oweve r , · rec en t character i z a t i on s t ud i e s  o f  t h e  chuck 

mu s c l e s  ( McKe i th et a l . ,  1 9 8 5 ; . P a t e r s o n and Par r i s h , 

1 9 8 6 ; Ch o i  e t  a l . ,  1 9 8 7 ; Jo h n s o n e t  a l . ,  1 9 8 8a ) have 

s ugg e s t ed t h a t  c e r ta i n  mus c l e s  may b e s t be u t i l i zed i f  

ma rk � t�d s e�arate l y . 

S t ruc t u r ed meat t e chno l ogy h a s  be e n  ba s ed on the 

r e duc t i on of p a r t i c l e  s i z e  o r  modi f i c at i on of the raw 

mat e r i a l , . f o l l owed by b l end i n g  and r e f o rmi n g t o  produce 
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ready- t o - c o ok produc t s  ( B r e i dens te i n , 1 9 8 2 ) . Large 

scal e adaptat i on of s t ructu r i ng t echno l og y  by the meat 

i ndu s t r y  has not occurred , due pr i ma r i l y  t o  s h o r t c omings  

i n  c o n s ume r e a t i ng sa t i s fac t i on and reta i l  market  

acc e p t anc e o f  s t ruc tured produc t s . 

At t emp t s  to dupl i cate  the textural  prope r t i e s o f  

i nt ac t  musc l e  resul ted i n  th e adaptat i o n o f  techno l ogy 

prev i ou s l y  app l i ed to  cured meat s  ( Schmi dt , 1 9 7 8 ; Add i s  

and S chanus , 1 9 7 9 ) and t h e  evo l u t i on o f  s e c t i o ned and 

f o rmed f r e s h  s t ruc tur-ed meat pr oduct s  ( Da lton , 1 9 7 9· ; 

Huf fman and C o rdray , 1 9 7 9 ; Booren e t  a l . ,  1 9 8 l a , b , c ,  

1 9 8 2 ) . _S en s o ry ev�luat i on s  have sh own s ec t i oned and 

f o rmed s teak s were more des i rab l e  than i n tac t mus c l e  o r  

f l aked a n d  f ormed s teak s ( Booren e t · al . ,  1 9 8 1 b ) , and 

s e c t i o ned and f o rmed - p6�k chops were m� r e  tender than 

i ntac t c h o ps ( Dal ton , 1 9 7 9 ; Hu f fman and C o rdray , 1 9 7 9 ) . 

Howeve r , s evere  c o l o r  prob l ems have been  f ound i n  the 

f i n i s h ed s ec t i oned and formed products  wh i ch have be en 

attr i bu t ed to c o l o r  de t e r i o ra t i on du ring  proces s i ng 

( Bo o r e n  e t  al . ,  1 9 7 9 , 1 9 8 lb ;  Hu f fman and C o rdray , 1 9 7 9 ) . 

Unt i l  recently , s t ruc tured meat pr o duc t s  had to 

be mar k e t e d  � i th e r  fro z en or precooked t d  r e ta i n  

s t ruc tu ra l  i n teg r i ty . T h e  deve l opment o f  an 

a l g i n / c al c i um b i nd i ng s ys tem for comm i nu t e d  s tructured 

produb t s  . ( Schmidt and Means , 1 9 8 6 ; US DA/FS I S , 1 9 8 6 ) and 
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l a r g e  musc l e  p i ec e s  ( Johns on e t  a l . ,  1 9 8 8 b ) have made i t  

po s s i b l e  t o  p r e s en t  c ommi nu t ed s t ruc t u r ed products to 

c on s um e rs  in the  raw , r e f r i g e rated s ta t e . 

L i m i ted r e s earch has been conduc t ed on the 

consume r acc eptance of s truc tured be e f  s teaks , 

par t i cular l y  tho s e  s t eak s produc ed by t h e  two 

a l g i n / c a l c i um b i nding techn i qu e s . The r e fo�e , thi s  study 

wa s p e r formed to ( 1 )  de t e rmine  the c o n sumer acc eptance 

of t h e  two t yp e s  of a l g i n/calc i um s truc t ur ed s teak s , ( 2 ) 

c ompar e  comm i nu t ed s t ructured s t eaks t o  i ntact musc l e  

s t e ak s , ( 3 )  c ompare s o l i d-mu s c l e  s t r�c t ur ed s e r ritus 

vent r a l i s  s teaks to  r ibeye ro l l  s teak s , and ( 4 )  compare 

a lg i n /c a l c i um c omm i nuted struc tured s teaks , to  

s a l t / phospha t e  c omm i nu t ed s t ructured s t e aks � 

Ma te r i a l s  and Me thods 

Expe r i men t a l  de s i gn 

·A · c ompl e t e  b l ock _ des i gn was u s ed to  eva luate 

four t ype s of s te aks produc ed f rom var i ous muscles  

wi t h i n  the beef  forequar ter . The four  types o f  steaks - 

( 1 )  r i beye r o l l  s teaks ( RER ) , ( 2 )  s e rratus ventral i s  

s o l i 4�musc l �  s t ruc tured s t eak s ( S RV ) , ( 3 )  s a l t /phosphate 

· . c pmm i nu ted s t ruc t ured s t eak s ( NaC l /POt ) , and ( 4 )  

al g i n / c a l c i um c6mm i nuted s t ructured s t e ak s  ( Alg/Ca ) -

we r e  evalua t ed in th e l aboratory and b y  an i n-home 
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c o n s um e r pane l . Data w e r e  analyz ed by analys i s  o f  

var i an c e  u s i ng t h e  g e ne ral l i near mode l ( GLM ) - l eas t 

s qua r e s  prog ram o f  t h e  S tat i s t i ca l  Ana l ys i s  S ys tem ( S AS , 

1 9 8 5 ) . T h e  ent i r e procedure was r epeat ed 1 0  t imes  and 

i nd i v i dual  an ima l s  were u s ed as b l ocks  to r emove 

va ri at i on due to d i f fe r enc e s  among an i ma l s  f r om t h e  

e rr o r  s um o f  s quares ( Ne t e r  and Was s e rman , 1 9 7 4 ) . Sex 

and age of  t h e  i ndiv i dual evalua t o r s  were included as  

var i ab l e s  for the  i n -home data s ta t i s t i ca l  analys e s . 

Ortho g onal contrasts  we r e  made for  a l l t ra i t s eva luated 

between  ( 1 )  i n ta c t  mus c l e  s t eak s  ( RER and SRV ) : vs · 

comm i nu ted s tructured s t eaks ( NaC l /P04 and Alg / Ca ) , ( 2 )  

RER v s  SRV , and ( 3 ) NaC l /P04 vs Al g / Ca . 

� mat e r i a l  source  

F o r  each rep li ��t i o n , bo th for�quart e rs from a 

bee f c arcas s wh i ch met the  c r i t e r i a  l i s t ed i n  Tab l e  5 

w e r e  ob t a i ned  1 8 - 2 4  hr pq s tmor t em from a l ocal  pack er 

( Hu r o n  D re s s ed B e e f ,  Huron , SD ) and t ran spo r t ed t o  the 

South Dak o ta S ta t e  Un ive r s i t y Meat Labo rato r y , 

B rook i ng s . For e quart e r s  we r e  broken i n to  who l e s al e cuts 

fo l l ow i ng the procedure  out l i ned by NAMP ( 1 9 8 0 ) and 

Roman s et al . ( 1 9 8 5 ) . 

. S t eak prepa rat i on 

Who l e s a le r i bs were  proc e s s ed i n t o  1 1 2  r i beye 

ro l l s  · ( NAMP , 1 9 8 0 ) , packaged in  Cryovac • bag s  ( Cryovac 
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Tab l e 5 - B e e f  carcass  s e l ec t i on c r i t e r i a  

T r a i t  

S e x  
We i gh t  ( kg )  
Adj . f a t  

t h i ckne s s  ( em }  
R i b  eye  a r e a  ( cm2 ) 
Bone  matu r i  t ya 
Marb l i ngb  
Lean c o l o r a  

Requ i r ements  · 

H e i f e r  
2 9 0  - 3 4 0  

0 . 9 5 - 1 . 0 0 
77 - 8 4· 

A 
4 .  5 0  - 4 . ·9 9  

Ch e r ry _r ed 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

a Bas ed o n  d e s c r i pt ions  i nc l uded i n  USDA ( 1 9 7 5 ) be e f  
g rade s tandards . 

b C oded : m i n i mum s l i gh t  = 4 . 0 0 and m i n i mum sma l l  = 
5 . 0 0 . 

D i v . , W . R .  Grace & C o . ,  Duncan , S C ) , wh i c h  wer e  

evac u a t ed and h e a t  s ea l ed us i ng a chamb e r - typ� . v·�cuum 

. . 
pack a g i ng machi n e  ( Mu l t i vac , t ype AG

.
5 0 0 � K o c h  Supp l i es 

I nc . , Kan s a s  C i ty ,  MO ) , and h e l d  at 5 ° C · . 

S e r ra t u s v e n t ral i s  mus c l e s we r e  exc i s ed fr om 

both  chucks and t r i mmed o f  su r face fat f o l l owing removal 

o f  t h e  r i b cage  and tho rac i c  arid c e rv i ca l  ve rtebrae . 

Ut i l i z i ng t h e  t echn i que dev e l oped by Johnson e t  a l . 

( 1 9 8 8b ) f o r  b i nd i ng two large mu s c l e  mas s e s  togeth e r , a 

s o l i d�mu� c l �  m e a t  b l ock was p r oduc ed f rom the  two 

s e-rr atus  v e n t ra l i s  musc l e s . The  a l g i n / ca l c i um/ad i p i c  

ac i d  g e l  s o l ut i on u s ed as a n  adh e s ive  b inder  be tween t h e  

t w o  s e rratu s  ventra l i s  musc l e s  c onta i n e d  3 . 3 3% Na-
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a l g i na t e  ( Manuge l  DMB ; Kelco , S an D i e g o , CA ) , 0 . 6 0% 

CaC03 ( Gamma Spe r s e  8 0 ; Georg i a  Marb l e  C o . ,  Tate , GA ) 

and 0 . 6 2 4% e ncaps u l ated adi p i c  ac id  ( CAP- SHURER  A-M 1 0 0 -

7 0 ; B a l c h em C o rp . , S l a t e  H i l l , NY ) .  A p l animeter  

( Tama ya P l an i x  5 ;  The  L i e t z  Co . ,  Ove r l an d  Pa+k , K S ) was 

us ed t o  de t e rm i ne musc l e  s u r face area ( MS A )  from an 

ac e t a t e  t rac i ng o f  the l a t e ral  su rface o f  one serratus 

vent r a l i s  mu s c l e . Quant i t y o f  prech i l l e d  alg i n/ca lc ium 

g e l  s o lut i on ( m l )  nec e s s ar y  t o  obta i n  a b i nd i ng g e l  

th i c k n e s s  o f  0 . 1 5 e m  was c a l culat ed as  f o l l ows : 

Ge l s o l ut i on ( ml )  = MSA ( cm2 } * 0 . 1 5 em * 1 ml / cm3 

A s pa t u l a  was u s ed to  � ncorporat e the encap�u lated 

adi p i c  ac id  i n to th e g e l  s o l u t i o n  imme d i a t e l y  pr i o r  to 

appl i ca t i on and to spread the ge l so lut i on on to  the 

mus c l e  s u r fa c e . Fo l l owing appl i c at i o n  o f  the g e l  

s o lu t i o n , the  s e cond s e r ratus ventra l i s  musc l e  was 

s tack ed on t h e  f i rs t mus c l e  i n  a manne r  wh i ch made the 

adh e s i ve b i nder  a pl ane of s ymm� try f o r  the n ewl y 

c r e a t e d  mus c l e  mas s . The bound s e rratus v en t ra l i s  

mus c l e s  wer e  vac uum packaged i n  Cryovac R bag s  and held 

at 5o C .  

. . Rema i n i ng l ean t i s sue o f  the who l es a l e  chucks 

and 1 0 9 B  b l ade meat from the who l esal e r i bs ( NAMP , 

1 9 8 0 ) we r e  d e fatted and t r i mmed o f  v i s i b l e  c onnec t i ve 
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t i s su e  and c o a r s e  g round through a k idne y  p l a t e  ( Hoba r t  

M i x e r - G r i nde r ; Hobart Manufac tu r i ng C o . ,  T r o y t OH ) .  

Lean o b t a i ned f r om the who l e s a l e  br i s k e t , plate  and 

sh ank was exc l uded from the comm i nu t ed t r e a tment g roups . 

S i x kg  o f  the c o arse  ground l ean we re regr ound th rough a 

p l a t e  w i th 4 . 7  mm d i ame t e r  open i ngs  t o  pr oduce a f i ne 

g round fract i on .  

T en - k g  batches o f  each t yp e  o f  c ommi nuted 

s t ruc t u r ed pr oduc t ( NaCl / POt and A l g (Ca ) we re prepared 

f ro m  8 k g  c o a r s e  g round and 2 kg f i ne ground l ean . Dry 

i ng re d i ents were  added dur i ng t h e  f i r s t  1 min  of 

b l e nd i ng , and batches  we re m i x ed i n  a doub l e-ri bbon 

b l e nde r ( Le l and F ood Mixer  1 0 0 DA ; Le l and Detro i t  

Manu fac tur ing  Co . ,  Det r o i t ,  MI ) for  1 0 . 5  m i n i� a . 2 ° C 

c o o l e r . The N aC l /P04 s t ructur e d  prod�c t  was f o rmu lated 

t o  c on t a i n  1 . 4 % s odium c h lor ide and 0 . 3 2% � od i um 

t r i po l yph osphate  ( FMC C o rp . , Ph i l ade l ph i a , PA ) .  Th e 

A l g / Ca s t ruc t u r ed produc t �as f o rmu l a t ed to c onta i n  

0 . 5 5 % Na - a l g i na t e  ( Manug e l  DMB ) , 0 . 1 0% CaC03 ( Gamma 

S pe rs e  8 0 ) and 0 . 3 0% encapsu l a t ed l ac t i c  ac id ( CAP

S HURE R LC L- 1 3 5 - 5 0 ; Ba lchem Corp . , S la t e  H i l l , NY ) . Upon 

c omp l e t i ori of m i x i ng , t r eatmen t s  we re  vacuum stuf fed 

( VEMAG Robo t 5 0 0 ; Robert  Re i s e r &. C o . ,  I nc . , Boston , MA ) 

i nt o  C ryovac R bag s ( 1 9 em flat  w i dth ) , wh i c h  were 

evacuat e d  and heat seal ed . The NaC l /P04 s t ruc tured 
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p r oduc t was  f ro z en at - 2 5 ° C and Alg/Ca s t r uc tu r ed 

produc t was  h e ld at 5 ° C .  

A f t e r a 1 5 -h r  h o l ding  pe r i od i al l t reatment 

g roups we r e  cut  i nto s teaks ( 1 . 2 5 em x � 5  em x · 1 5 em ) . 

E i gh t  s t e ak s  we r e  randoml y  s e l ec t ed f rom e ach treatment 

g r oup and i nd i v i dua l ly vacuum packag e d  in C ryovac R bags . 

S i x o f  the s e  s t eak s were f ro z en and s t or e d  at - 2 5 ° C fo r 

s ubs e qu e n t  l abo ratory e valuat i ons . Two s t eak s were us ed 

for 1 d po s t - fabr i cat i o n  labo ra tory eval u a t i on s . 

S teaks  i ntended for  the in-home e va l uat i 6n were 

l abe l e d  w i th two numbered metal i dent i f i ca t i on -tags· 

( 0 . 9 5 em x 3 . 6 5 em Hasco S e l f- l ock i ng T�g s ; Nasca , Fort 

Atk i n s on , W I ) p l ac ed in o ppo s i te ends of eve ry s teak . 

Each t yp e  o f  s t eak wa s i nd i v idua l l y  packaged  �o r · 

de l i ve r y  t o  th�  part i c ipa t i ng hous eho lds , _ w i th the 

numb e r  of s t e ak s  in each package depend�n t  upon the 

h ou s e h o l d  c ompo s i t i on ( 1  s t eak / t reatmen� / 2  peopl e over 

5 yea r s  o l d ) . Non- f ro z en treatment s t eak s ( RER , SRV and 

A l g /Ca ) we r e  packaged in r e tai l � type t ray- pack wh i ch 

cons i s te d  o f  a styro foam tray ( Mob i l  Chem i ca l , Packag ing 

Department ) ove rwrapped w i th pe rmeabl e  po lyv i nyl 

ch l o r i de ( PVC ) , a l l -purpo s e , food f i lm ( PW- 1 8 , Anchor 

lndus t r i e s ) .  F ro zen s teaks ( NaC l /P04 ) w e r e  packag ed in  

C ryovacR bag s wh �ch we re  evacuated and h e a t  s ea l ed .  
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Lab o ratory e va l uat i ons 

On d 1 po s t - fabr icat i on , two s t eaks f rom each 

treatment w e r e  t r i mmed of any rema i n i ng fat and v i s i b l e  

ep i mys i um , f r o z e n  in  l i qu i d  n i t r o g e n  a n d  h omo g en i zed i n  

a s ta i nl e s s  s t e e l  War i ng b l ende r . Dup l i c a t e  s amp l e s  

f r om e a c h  s t e ak w e r e  us ed for t h e  de t e rm i na t i o n o f  

2 - Th i obarb i t u r i c a c i d  ( TBA ) va lues ( Ta r l adg i s  e t  al . ,  

1 9 6 0 ) . Powde r ed s t eak samp l e s  w e r e  s t o r ed at - 2 5 ° C no 

mo r e  than 3 wk unt i l  t r i p l i cate s amp l e s  were used to 

d e t e rm i ne mo i s tu r e , fat and pro t e i n  ( AOAC , 1 9 8 0 ) . · After 

3 3  d of f r o z en s t o rage ( - 2 5 ° C ) , two s t eak s from· each 

type we r e  a l l owed to  thaw at 5 ° C for  2 4  . h r , powdered by 

the previ ous l y  de s c r ibed procedure and dup l i c�t e s ample s 

were  u s e d  t o  d e t e r m i ne TBA value s . The TBA pro� ed�re was 

r epe a t e d  on tw� addi t i�na l s t eak s  a f t � r  7 0  d o f  frozen 

s t o r ag e  ( - 2 5 o C ) . 

W i t h i n  3 wk o f  fabr i c a t i on ,  s t e ak s  f r om t h e  RER , 

SRV and Al g / Ca fab r ic at i on. groups w e r e  a l l owed t o  thaw 

a t  s o c f o r  2 4  h r  p r i o r to cook ing l o s s  de t e rm i na t i o n  

a n d  Wa rne r - B rat z l e r  shear ( WBS ) ana l ys i s . Th e NaC l /P04 

s te ak s  we r e  n o t  a l l owed to thaw pr i or t o  c o ok i ng . All 

s t eak s for c o 6 k i ng l o s s  determ i nat i on and WBS analys i s  

were  g r i l l ed . o n  Farbe rware open hearth e l ec t r i c  bro i l ers 

( averag e t e mpe rat ur e  a t  s t e ak s u r fac e = 1 6 0 - 1 7 0° C ) . 

S teak s wer e  c o oked for  a co ns tan t t i me ( RER , SRV and 
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A l g /C a : 8 m i n  and 7 m i n  per s i de , and NaC l /P04 : 1 3  min  

and 1 2  min  pe r s i de ; AM SA , 1 9 7 8 ) to  a med i um- r a re degree 

o f  do n e ne s s  as  j udged by s t andard c o l o r  p h o t o g raph s 

( NL S  & MB , 1 9 7 9 ) . C o o k i n g  l o s s  wa s de t e rm i ned o n  each 

s t eak as f o l l ow s : 

raw c o o k e d  
C o ok i ng l o s s  ( % )  = s teak w t  s t eak wt  * 1 0 0% 

r aw s teak wt 

A f t e r the s t eaks h a d  c o o l ed t o  room temp e ratu r e , s i x 

1 . 2 7 - c m  d i am e t e r  c o r e s  were r emoved f rom e a c h  s t eak 

pe r p en d i c u l a r  to the s t eak s u r face and a s i ng l e  WBS 

val u e  w a s  ob t a i n e d  f o r  each c o r e . 

C o n s um e r  res earch des ign 

The i n- home c o n s ume r pane l was c ompo s �d o f  

i nd i v i dua l s  from househo lds wh ich we r·e c l a s s i f i ed as 

mod e r a t e / l i gh t  or heavy u s e r s  o f  fresh  b e e f , e x c l ud i ng 

g round be e f  ( B re idens t e i n. and Wi l l i ams ," 1 9 8"6 ) . Th e 

i n - h o m e  cons umer evaluat i on was de s i gned t o  o b t a i n  

i n f o r ma t i on about  e ach  t ype of  s t eak p r i o r  t o  and dur ing  

c o o k i n g i n  c o n j unc t i o n w i th s ensory eva l u a t i on s . 

Pre l i mi nary iden t i f i c at i on o f  po t en t i a l  

h o u s e h o lds w a s  pe r f o rmed i n  1 2  g r oc e r y  s t o r e s  i n  th ree 

eas t e rn South Dak o ta c i t i es  du r i ng 1 -h r  t i me s l o t s  of 

heavy t ra f f i c  pei i ods ( Thursday , 1 4 : 0 0 - 1 8 : 0 0 hr ; Friday , 
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1 4 : 0 0 - 1 8 : 0 0 h r , o r  S a tu rday , 9 : 0 0 - 1 5 : 0 0 ) . S t eak s ec t i on 

p a t r o n s  w e r e  a s k e d , a f t e r  l eav i ng t h e  m e a t  c oun t e r , i f  

t h e i r  h ou s e h o ld wo u l d  b e  w i l l i n g t o  par t i c i pa t e  i n  an 

i n - h o m e  e v a l u a t i o n of four t yp e s  o f  bee f s t e a k s  wh i ch 

d i f fe r e d  o n l y  i n  t h e  fabr i c a t i on t ec hn i qu e  u s ed a t  n o  

f i nanc i a l  o b l i g at i o n . I f  the r e p r e s entat i v e  ' o f  t h e  

h o u s e h o ld a g r eed , a p r e l i m i na r y  que s t i o nna i r e ( Appendi x  

F i g u r e  1 )  wa s c om p l e t ed r e que s t i ng ( 1 )  addr e s s  and 

t e l ep h o n e  n umbe r ,  ( 2 )  name o f  t h e  p r i ma r y  m e a t  

p u r ch as e r , ( 3 ) n a m e  o f  the p r i ma r y  c o o k , ( 4 )  f r e quency 

o f  f r e s h  b e e f c o n s ump t i on , exc l ud i ng g r o und b e e f , ( 5 )  

mo s t  c ommo n  c oo k e r y ' t echn i qu e  f o r _ s t e ak . i t ems , (. 6 )  

p r e f e r red d e g r e e  o f  don e n e s s  f o r  s t e ak i t em � ; and ( 7 )  

h o u s e h o l d c o mpo s i t i on b y  ag� g r oups ( l e s s  than . 5 years 

o l d , 5 - 1 5 , 1 6 - 25 ,  2 6 - 3 5 , 3 6 - 4 5 , 4 6 - 5 5 , 5 6 - � 5 , over 6 5  

yea r s  o l d ) . Dur i ng the i n i t i a l  c o n tac t , h 9 us e h o ld 

r e p r e s e n tat i ves w e r e  i n f o rmed o f  t h e  r e qu i r emen ts f o r  

p a r t i c i pa t i o n , i nc l ud i ng c o mp l e t i on and r e turn o f  ( 1 )  a 

r aw p r oduc t e va l ua t i on b y  t h e  pr i mary meat purchas e r , 

( 2 )  a c o ok i n g  eva l uat i o n b y  t h e  p r i mary c o o k , a nd ( 3 )  

s e n s o r y  e v a l uat i on s  b y  e v e r y  h ou s e h o l d  memb e r  o ve r  5 

ye a r s  o l d � 

Upon - comp l e t i on o f  t h e  i n - s t o r e c o n tac t and 

i n t e rv i ew pe r i ods , p o t e n t i a l  h ou s e h o lds we r e  f u r the r 

s c r e en e d  bas ed o n  ( 1 )  f r e quency o f  f r e s h  b e e f 
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c o n s umpt i o n , ( 2 )  c ommon c o ok e r y  techn i qu e  f o r  s t eaks , 

and ( 3 )  h o u s e h o l d · l oc at i o n . 

S c h edu l i ng o f  p r o duc t de l i ve r y  and a s s i gnment o f  

h o u s e h o l ds t o  each repl i c a t i o n wa s acc omp l i s h e d  b y  

r a n d o m  t e l ep h o n e  c a l l s  t o  t h e  h o u s e h o l ds r ema i n i ng af t e r  

t h e  s c r e en i ng p r o c e s s . Hou s e h o l d s  we r e  g i ve n  an op t i on 

o f  f o u r  po s s i b l e  de l i ve r y  da t e s  u n t i l  the r e p l i ca t i o n 

numb e r s  we r e  f u l f i l l ed ( s e n s o r y  eva lua t i on s / re p l i c a t i on 

= 2 5 - 2 8  i nd i v i dua l s  o v e r  5 ye ar s o l d ) . D u r i n g  t h e  

s c h e du l i ng t e l eph o n e  ca l l , ve r i f i ca t i on w a s  made o f  the 

h o u s e h o l d  addr e s s , name of the pr imary meat purchas er 

and p r i ma r y  c o ok and compo s i t i on of t h e  h o u s e h o l d . I n  

add i t i o n , s i mp l i f i ed d i r ec t i ons we r e  obta i ned ' t o  the 

h o u s e h o l d  to expedi t e  de l i � e r y . Twen t y - f o u r  h 9 u r s  

p r i o r  t o  de l i ve � y , e a c h  h ou s eh o ld was · t e l ephoned again 

t o  c on f i rm t h e  de l i ve r y  and g i ve an app r o x � ma t e  de l i very 

t i me . 

S t eaks we r e  de l i v e red t o  the h o u s e h o l ds 1 d 

po s t - f ab r i c a t i on , w i th each hous eho ld r ec e i v i ng o n e  

pac k a g e  o f  e a c h  s t eak t ype w i th the appr opr i a t e  numbe r 

o f  s t e ak s . I n  addi t i o n , each h ou s e h o l d  was prov i ded 

w i th a n  eva l ua t i on pac k e t  wh i ch c o n t a i n ed g en e ra l  

i ns t ru c t i on s . ( Appe nd i x  F i gu r e  2 }  a n d  c o l o r -c oded 

eva l ua t i on f o r m s  f o r  the pr i mary meat pu rch a s e r  ( B lue 

F o rm , App e nd i x  F i g u r e  3 ) , t h e  pr imary c o o k  ( Gr e e n  Form , 
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Append i x  F i gu r e 4 ) , and a s e n s o r y  eva l ua t i on f o rm 

( Ye l l ow Form , Append i x  F i gure  5 )  for each memb e r  o f  the 

h ous e h o l d ove r 5 ye a r s  o l d . S p e c i f i c  i n s t ruct i ons for 

each evalua t i on f o rm ( Append i x  F i g u r e s  3 ,  4 and 5 ) , 

c oo k i ng t i me gu i de l i n e s  ( Append i x  F i gu r e  4 ) , a d e g r e e  o f  

donen e s s  co l o r  gu i de ( NLS & MB , 1 9 7 9 ) and a s e l f 

addr e s s ed s tamped e nv e l ope for r e turn o f  t h e  e v a l uat i on 

f o rm s  we r e  a l s o  i nc l uded i n  t h e  eva l ua t i on packe t .  

H ou s e h o l d  a nd s t e ak iden t i f i ca t i on numb e r s  we r e  l i s ted 

on a l l eva l ua t i on forms pr i o r  to de l i v e ry . Name s o f  the 

p r i ma r y  meat pu rch a s e r  and p r i ma r y  cook we r e  a l � o  

i nd i c a t ed o n  t h e  appr opri ate f o r.ms . 

The B l u e  Fo rm r eque s ted t h e  p r i mary . mea t  

p u rc h a s e r  t o  e v a l u a t e  t h e  . Packaged s t e aks b e for e cook ing 

f o r  c o l or de s i �ab i l i ty , fat c o n t ent , o v e ra � l 

de s i r ab i l i t y and s u r face d i s c o l o rat i on . N�mer i c a l  

d e s c r i p t i v e c o d e s  we re  g i ven for c o l o r  and ove r a l l  

d e s i rab i l i t y ( 1  = d i s l i ke e x t r eme l y ,  8 = l i k e  e x t reme l y ) 

and f a t  cont e n t  ( 1  = abundant , 2 = s l i gh t l y abundan t ,  3 

= m o d e ra t e , 4 = modes t ,  5 = s l i gh t , 6 = t ra c e s , 7 = 

p r ac t i c a l l y  none , 8 = none ) . S ur fac e d i s c o l o r a t i on was 

d e f i ne d · as t he p e rc entag e { 0 - 1 0 0% )  o f  the s t eak sur fac e 

a r ea wh i ch was n o t  n o rmal bee f c o l o r . The pr i ma r y  meat 

pu rc h a s e r  wa s a l s o  asked to i nd i c a t e  o n  a d i ag r am fo r 

e a c h  t yp e  o £ s t e ak t h e  a r ea ( s )  o f  maj o r  d i s co l o ra t i on . 
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Th e G r e en F o rm a s k e d  t h e  pr i ma r y  c ook t o  

i nd i c a t e  the c o okery m e th od u s ed ( br o i l  i n  t h e  home, 

bro i l  o u t s ide t h e  home o r  pan f r y ) and r e c o rd a samp l e  

i n t e g r i ty s c o r e  f o r  e a c h  type o f  s t eak a t  t h e  c ompl e t i o n 

o f  c o o k i ng u s i ng the s c a l e : 1 = m o r e  than 8 p i e c e s , 2 = 

7 - 8  p i ec e s , 3 = 5 - 6  p i e c e s , 4 = 3 - 4 p i ec e s , 5 = 2 

p i ec e s , 6 = i n tac t . 

D e g r e e  o f  donene s s , t ende rne s s , · j u i c i n e s s , 

f l av o r de s i r ab i l i ty and o v e ra l l des i !ab i l i t y w e r e  

e v a l u a t e d  b y  e a c h  hou s e h o l d  memb e r  ov e r  5 yea r s  o l d  and 

r e c o rded on t h e  Ye l l ow F o rm w i th s c o r e s  a s s i gned by us e 

o f  t h e  f o l l ow i ng sc� l e s : degree ·o f  donene s s  ( 1  = very 

w e l l  d o n e , 6 = ve ry r a r e ) ;  t enderne s s  ( 1  = ext reme l y  

t ough , 8 = e x t reme l y  t ende r ) ;  j u i c i n e s s  ( 1  = e�t r eme l y  

d r y , 8 = e x t r eme l y  j u i6 y ) ; f l avor de s i rab i l i ty and 

o v e ra l l d e s i rab i l i t y  ( 1  = d i s l i k e  ex t r em e l y , 8 = l i ke 

e x t r e me l y ) . 

W i th i n  3 wk o f  de l i ve ry , a f o l l ow - up t e l ephone 

c a l l w a s  made to eac h h o u s e h o l d  to r e i te r a t e  the 

i mp o r tanc e o f  r e turn i n g  t h e  comp l e ted eval uat i on forms 

and to c o l l e c t  add i t i o n a l  demog raph i c  i n f o rmat i on 

( Append i x  F i gu r e  6 ) . D e m o g r aph i c  i n f o rma t i o n  .ob ta i ned 

i nc l ud e d  educ a t i onal bac k g r ound of the pr i mar y  meat 

pur c h a s e r , occupa t i on of the ma l e  and / or f emal e  h ead ( s )  

o f  th e h o u s e h o ld and h o u s e h o ld median i ncome . Three 
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l ev e l s  o f  educa t i o n we r e  u s ed to c a t e go r i z e  the p r imary 

meat p u r c h a s e r s : l e s s  than 9 yr , 9 - 1 2  yr or more than 1 2  

y r . T h r e e  l e ve l s  o f  year l y  i nc ome w e r e  u s ed t o  s egme n t  

h o u s e h o ld s : l e s s  t h an $ 1 5 , 0 0 0 , $ 1 5 , 0 0 0 - $ 3 9 , 9 9 9  o r  

$ 4 0 , 0 0 0  and o v e r . 

R e s u l t s  and D i s cus s i on 

Labo r a t o ry eva l u a t i ons 

The l e a s t - s quar e s  mean s for t h e  c h e m i c a l  

c ompo s i t i on , c o o k i ng l � s s , WBS a n d  TBA v a l ue s  o f  t h e  

f o u r  t yp e s  o f  b e e f s t eaks a r e  p r e s en t ed i n  Tab l e  6 .  

I n t ac t  mus c l e  s te a k �  had m o r e  ( P � 0 . 0 5 )  ex t ractab l e  fat 

t han c omm i n u t ed s t ru c t u r e d  s t eaks , due p r i mar i l y  t o  

h i g h e r  fat c o n t e n t  o f  SRV steaks . C o o k i n g  l o s s e s · we re 

g r e a t e r  ( P < 0 . 0 1 )  for i n ta � t  mu s c l e  s t e ak �  �s c ompared to 

c o mm i nu t e d  s t e a k s . Th e r educ e d  c o o k i ng l o s s e s  o f  the 

c omm i nu t ed s t ruc t u r ed s t e ak s  c an be a t t r i bu i ed t o  the 

i nc re a s ed w�ter b i nd i ng . c apac i ty ( WBC ) du e to t h e  

add i t i on o f  s a l t  a n d  ph o s pha t e  ( S o f o s , 1 9 8 3 ; S c hm i dt and 

T r o u t , 1 9 8 4 ; T r o u t  and S c h m i dt , 1 9 8 4 ) o r  a l g i na t e  

( Wan s t edt e t  a l . ,  1 9 8 1 ) . 

W i t h i n  t h e  i ntact mus c le s t ea k s , S RV s t e a k s  were 

f ound t o  c o n ta i n  mo r e  ( P < O . O l )  fat and l e s s  ( P < 0 . 0 1 )  

p r o t e i n  t h a n  RER s t e ak s  ( Tab l e  6 ) . F a t  c o n t e n t  o f  RER 

s t e ak s was h i gh e r  t h an p r e v i o us l y  r e p o r t e d  fa t 
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Tab l e  6 - Le a s t - s q u a r e a  m e a n s  for l abora tory eva l ua t ed t ra i t a •  

T B A  va l ue 
Warn e r 
B ra t z l e r  

s h e a r  
( k g / 1 . 2 7 em ) 

( ml aa l ona l d e h yd t / k g  m e a t ) 

S teak 
type-. 

Prox i m a t e  a n a l ys i s  ( � )  
Mo i s tu r e  F a t  Prot e i n  

Cook i na 
l o s s  

( � )  1 
D a y  
3 3  7 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I n ta c t  mu s c l e  

RER 7 2 . 8 t 0 . 4 2 
S RV 7 3 . 0 t 0 . 4 7 

Comm i nuted 
NaC l / POt 7 2 . 0 t 0 . 4 2 
A l g /Ca 7 3 . 5 t 0 . 2 9 

O r t h ogona l £Qnt r a s t s  
I n tact musc l e  

v s  c omm i n u t e d  

RER vs SRV 

NaCl /POt 
vs A l g /Ca * 

5 . 3 t 0 . 4 5 1 9 . 6 t 0 . 2 3' 1 9 . 5 t 0 . 2 2 3 . 9 t 0 . 0 8 0 . 2 3 t 0 . 0 2 
7 . 7 • 0 . 6 3  1 7 . 5 1 0 . 3 0 2 3 . 0 1 0 . 2 6 4 . 6 t 0 . 1 4  0 . 2 5 t 0 . 0 2  

5 . 9 t 0 . 2 9 1 8 . 6 t 0 . 1 9 · t 7 . 6 t 0 . 3 4 2 . 4 1 0 . 1 6 0 . 2 3 t 0 . 0 2 
5 . 1 t 0 . 2 5 1 8 .  Ot 0 .  1 6  1 5  . • 1 t 0 . 2 3 2 . 8 t 0 . 2 4 0 . 3 2 t 0 . 0 2 

* * * * *  

* *  * *  * 

* *  

• Le a s t - s qu a r e s  mean t s ta ndard e �ror f o r  each t ra i t  w i th i n  e a c h  s t e a k  t ype . 

0 . 2 0 t 0 . 0 2 
0 . 2 4 t 0 . 0 1  

0 . 2 1 t 0 . 0 2 
0 . 3 0 1 0 . 0 1  

• •  

* 

* *  

' RER = r i beye rol l s t eak ; SRV = s e r r a t u s  v e n t ra l i a - � o l i d-mu s c l e  s t r u c t u re d  s t ��k ; N a C l /PO• = 
· s a l t / phospha t e  c omm i n u t e d  s t ruc turtd s t eak ; A l J / Qa = a l g i n / c a l c i um c omm i n u ted s t r u c t u r e d  s t e a k . 

t P < 0 . 0 5 .  
* *  P < O . O l . 

0 . 2 6 1 0 . 0 3 
0 . 3 8 t 0 . 0 6 

0 . 3 7 t 0 . 0 2 
0 . 3 7 t 0 . 0 3  

... 
� 



p e r c e n t ag e s  f o r  l o n g i s s i mu s  do r s i mu s c l e  o b t a i ned f r om 

b e e f c a rc a s s e s w i t h c o mparab l e  marb l i n g l e v e l s  ( S av e l l  

e t  a l . ,  1 9 8 6 ) and l o we r t h a n  f a t  p e ic e n t a g e s  f o r  

l o n g i s s i mu s  d o r s i and s p i n a l i s  do r s i r e p o r t ed i n  a 

m u s c l e  c h a r ac t e r i z a t i o n s t udy b y  J o h n s o n e t  a l . ( 1 9 8 8 a ) . 

P r e v i o u s  c h a r a c t e r i z a t i o n s t ud i e s  ( C h o i e t  al . ,  1 9 8 7 ; 

J o h n s o n e t  a l . ,  1 9 8 8 a )  h ave s h own s e r r a t u s  v e n t ra l i s  

m u s c l e  t o  h a v e  h i g h e r  f a t  p e rcen t a g e s  t h a n  f o u n d  i n  t h e  

c u r r e n t  s t udy , . e v e n  t h o ugh t h e  U S D A _ qu a l i t y g r ade o f  t h e  

c a r c a s s e s i n  a l l t h r e e  s t u d i e s  w a s  s i m i l a r . C o ok i n g  

l o s s  w a s  g r e a t e r  ( P < 0 . 0 5 )  f o r  SRV s t e ak s  t h an RER 

s t e ak s . 

A l t h ough b o t h  t yp e s  o f  comm i nu t ed �truc tured 

s t e a k s  we r e  f o rmu l a t e d  f r o� m u s c l e  t i s s u e  wh i ch �ad b e e h  

h a nd l e d a s  o n e . u n i t  u ri t i l  t h e  i n c o rp o� at i o n o f  t h e  dry 

i n g r e d i e n t s , A l g / Ca s t eaks w e r e  f o u n d  t o  �ave g re a t e r  

( P < 0 . 0 5 )  m o i s t u r e  c on t e n t · than NaC l / P0 4  s t eak s ( T ab l e  

6 ) . R e s u l t s  o f  t h e  c o o k i n g l o s s  de t e rm i na t i o n i nd i c a t ed 

n o  d i f f e r e n c e ( P > 0 . 0 5 )  b e t we e n  A l g / C a a n d  NaC l / P04 

s t e ak s , e v e n  t h o ug h  t h e  A l g / C a  s t eak s h a d  h i g h e r  

( P < 0 . 0 5 ) r aw m o i s t u r e  c o n t e n t s . Th e s e  r e s u l t s  s ug g e s t  

t h e  a l g i nj c al c i u m b i nd i n g s y s t e m  h a s  a g r e a t e r  WBC than 

t h e  s a l t / ph o s ph a t e  b i nd i ng s y s t em . P r e v i o u s  evaluat i on s  

o f  t h e  a l g i n / c a l c i um b i nd i ng s y s t em ( Me a n s  a n d  S c h m i d t , 

1 9 8 6 ; M e a n s  e t  a l . ,  1 9 8 7 ) have r e p o r t ed n o  d i f f e r e n c e s  
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i n  c o o k  y i e l d  o f  a l g in/ ca l c i um and s a l t/phosphate 

s t ruc t u red s t eaks . 

I n t a c t  mu s c l e  s t eaks were l � s s  ( P < 0 . 0 1 ) tender 

than c omm i n u t ed s t ruc tured s t eaks as meas ured by WB S 

( Tab l e  6 ) . The  i ntent o f  comm i nut i on i s  to  · r educe the  

p ar t i c l e  s i z e  of  l e s s  tende r musc les  and th�r e fore 

i mprove  the perce i ved tende rness  o f  the n ewl y c reated 

p roduc t . Thus , u s e  o f  a g r ound product i n  the 

f o rmu l a t i on o f . comm i nuted s t ructured s teak s i n  the 

c u r r e n t  s tudy was bene f i c i a l . 

S o l i d-mus c l e  s t ru� tured s t eak s p roduc ed f rom 

s er ra tus  ven t ra l i s  �us c l e s  we re - nume r i ca l l y ,  but not 

s ta t i s t i ca l l y  ( P > 0 . 0 5 )  l e s s  tender than RE� ' s t eaks 

{ Tab l e  6 ) . Prev i ou s  char�c te r i zat i on s tudi e s . · ( Paterson· 

and P ar r i sh , 1 9 8 6 ; Cho i .� t al . ,  1 9 8 7 ; Joh�son e t  al . , 

1 9 8 8 a ) h ave shown s e rratus ventral i s , l on g i s s i mus do rs i 

and s p i na l i s  do rs i mu s c l es to  be comparab l � i n  

t e nder n e�s when t h e  mus c l e s have been aged . 

D i f f e renc e s  i n  TBA values f o r  the  four types o f  

s t e aks , a l t h ough s ta t i s t i cal l y  s i gn i f i cant , we re  minima l  

a t  a l l  eval uat i on t i me s ( Tab l e  6 ) . S t eaks obta i ned f rom 

meat  bl obks wh i ch unde rwent extens i ve handl i ng and 

f abr i c a t i on · ( SRV , NaC l /P04 and Al g/Ca ) had g reater 

nume r i ca l  i nc reas e s  i n  TBA values dur ing the s t orage 

p e r i od than RER s t eaks . Ext ra handl i ng o f  the product 
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dur i ng fabr i ca t i on and addi t i on o f  b i nd i ng agents could 

expl a i n th e i nc r e ased fat  ox idat i on . 

C o ns um e r  e va l uat i ons 

A s ummary  of the pa r t i c i pa t i ng pr imary  meat 

pu rc h a s e r  demo g raph i c s  is prese nted in  Table  7 .  Almo s t  

9 0% o f  t h e  p r i ma r y  meat purcha s e r s  we r e  o v e r  2 6  years 

o l d  and a l mo s t  6 4% were fema l e . I n  add i t i on ,  over 9 7% 

o f  t h e  pr i ma r y  meat purchas e r s  had mo re than 9 yr o f  

educ a t i o n  and 6 7 . 5 % had more than 1 2. y r  o f  educat i on_. 

Par t i c i pa t i n g  h o u s ehold  and .s ensory  panel  membe r 

demo g r aph i c s  a r e  presen ted i n  Table 8 .  H ousehold 

demog r aph i c s  i nd i cated less  than 8% o f  the h o u s eholds 

we r e  c la s s i f i ed a s  rural , farm � wh i l e over 8 0% we re 

urban ( U . S .  B u r e a u  o f  C ensus � 1 9 8 0 ) . Med i a n  inco�e o f  

o v e r  9 2% o f  t h e  h ouseho lds was greater  than $ 1 5 , 0 0 0 , and 

a l mo s t  3 0% o f  . the hous eho lds had medi an i nc omes g reater 

than $ 4 0 , 0 0 0 . B r eakdown o f  s en s o ry pan e l  pa r t i c i pants 

by a g e  and s ex s howed nearly e qual rep r e s enta t i on of  

ma l e s  and fema l e s  i n  a l l f i ve age g roups . 

Age and s ex o f  the p r i mary mea t  purchas er and 

s en� o r y  pane l i s t s  had no e f f ect ( P > 0 . 0 5 )  on the scores  

g i ve n  t o  � he u nc o oked s t eak t ra i t s  or  on any o f  the  

s e ns o r y  t ra i ts evaluated , r e s pec t i ve l y . The re f o re ,  

leas t - s quar e s  means and the p rede t erm i n ed o r th ogonal 

cont r a s t s  f o r  the  uncooked s t eak trai t s  and the s ensory 
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Tab l e  7 - S ummary of pr imary meat purcha s e r  
demog raph i c s  a 

Age 
Ma l e  Fema l e  

Le s s  tha n  2 6  yr 3 ( 3 .  9 )  5 ( 6 .  5 )  
2 6  - 3 5  yr 9 ( 1 1 . 7 )  1 3  { 1 6 . 9 )  
3 6  - 4 5  yr 7 ( 9 . 1 ) 1 5  ( 1 9 . 5 )  
Ove r 4 5  yr 9 ( 1 1 . 7 )  1 6  ( 2 0 . 8 )  

To t a l  
8 ( 1 0 . 4 )  

2 2  ( 2 8 . 6 )  
. 2 2  ( 2 8 . 6 ) 
2 5  ( 3 2 . 5 )  

T o t a l  2 8  ( 3 6 . 4 )  4 9  ( 6 3 . 6 )  7 7  ( 1 0 0 . 0 )  

Educa t i on 
L e s s  than 9 yr 
9 - 1 2  yr  
M o r e  than 12  yr  

2 ( 2 . 6 )  
2 3  ( 2 9 . 9 )  
5 2  ( 6 7 . 5 )  

- - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - � - -
T o t a l  7 7  ( - 1 0 0 . 0 )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - � - - - - - - - - - - - - - - - - -
• Fr e qu e ncy of obs e rva t i ons w i th i n  age or educat ion 

( pe rc en tage  o f  t o ta l ) .  

t ra i t s  a r e  p r e s ented by s t eak t ype on ly i n  Tab l e s  9 and 

1 0 , r e s pe c t i v e l y . 

I ntact  musc l e  s teaks rece ived h i gh e r , more 

de s i rab l e  ( P < O . O l ) c o l o r  score s f rom the  pr i mary  meat 

pu rcha s e rs than the c ommi nu t ed s t ruct ured s t eaks ( Tabl e  

9 ) . · No  d i f fe rences ( P > 0 . 0 5 )  were  detected _ be tween the 

two t yp e s _ o f  i ntact mu sc l e  s teak s or b e twe e n  the two 

type s o f  comm i nu t ed s tructured s teak s . The RER s teaks 

had t h e  h i gh e s t  c o l o r  rat i ng and the fro z e n  NaC l /P04 

s te ak s  h ad t h e  l owe s t  mean value . S u r face d i s c o lorat i on 
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Tab l e  8 - S ummary o f  hou s eh o ld demograph i c s  and s ensory 
pa r t i c i pant ag e s a  

L o c a t i onb  
Rural , farm 
Ru r a l , n o nfarm 
Urban 

T o t a l  

Med i an I nc om e  
Le s s  t han $ 1 5 , 0 0 0  
$ 1 5 , 0 0 0  - $ 4 0 , 0 0 0  
Over $ 4 0 , 0 0 0  

Total  

S en s o r:y Qa r t i c i:Qant 

Le s s  t han 1 5  y r  
1 6 - 2 5  yr  
26  - 3 5  yr  
3 6 - 4 5  yr 
Ove r  4 5  yr  

age s 

1 8  
2 4  
2 0  
1 8  
2 7  

Mal e  Fema l e  
( 8 .  5 )  2 5  ( 1 1 . 7 )  

( 1 1 . 3 )  1 5  ( 7 .  0 )  
( 9 .  4 )  2 2  ( 1 0 . 3 ) 
( 8 .  5 )  .2 2  < 1 o ·. 3 )  

( 1 2 . 7 )  2 2  ( 1 0 . 3 )  

Total  
6 ( 7 . 8 } 
9 ( 1 1 . 7 )  

6 2  ( 8 0 . 5 ) 

7 7  ( 1 0 0 . 0 )  

6 ( 7 . 8 ) 
4 8  ( 6 2 . 3 ) 
2 3  ( 2 9 . 9 )  

7 7  ( 1 0 0 . 0 )  

4 3  ( 2 0 . 2 )  
3 9  ( 1 8 . 3 ) 
4 2  ( 1 9 . 7 )  
4 0  ( 1 8 . 8 ) 

. . 4 ·9  ( 2 3 . 0 ) . 
- - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - � - - - - - - - - - - - - - - - - - · 
Total  1 0 7  ( 5 0 ; 2 )  1 0 6  ( 4 9 . 8 )  2 1 3  ( 1 0 0 . 0 )  

- - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - � - - - - - - - - - - - - - - - - - -
• F r e quency  o f  ob s e r�� t i ons w i t h i n  l ocation , median 

i nc ome o r  a g e  ( pe rc entage o f  total ) .  · 

b Ba s ed on  de sc r ip t i on s  i ncluded i n  U . S .  Bureau o f  
C e n s u s  ( 1 9 8 0 ) . 

rat i ng s  pa ra l l e l ed the c o l o r  de s i rab i l i t y �cor e s , wi th 

i n tact" mus c l e  s t eaks  hav ing l e s s  ( P < 0 . 0 5 )  sur face  

d i sb o l orat i oh than comm i nuted s t ruc tured s t eak s . 

D i s c o l o rat i o n o f  s t ructured produc t s  has  been a t t r i buted 

t o  t h e  add {t i on o f  NaC l by s everal o t h e r  res�archers  
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Tab l e  9 - Leas t - s quares  mean s for  p r i ma r y  mea t pu rchaser  
eva l ua t i on of  unc ooked s t eak t ra i t s a  

S t eak  
t yp e b  

I n tac t mu s c l e  
RER 
SRV 

C omm i nu t ed 
NaC l / P04 
A l g / C a  

C o l o r  

7 . 2 ± 0 . 1 1 
7 . 0 ± 0 . 1 2 

6 . 2 ± 0 . 1 9 
6 . 4 ± 0 . 2 0 

Orthogona l contras t s  
I n tac t mus c l e  

v s  c omm i nu t ed * *  

RER v s  S RV 

NaC l /POo� 
v s  A l g / Ca 

P e rc e i ved 
f a t  

c o n t ent 

4 . 5 ! 0 . 1 8 
5 . 5 ± 0 . 1 8 

5 . 5 ± 0 . 1 6 
5 .  8 ±  0 .  1 7  

* *  

* * 

S ur fac e 
Ove ra l l d i s c o l o ra t i on 

6 • 8 ±  0 .  1 1  5 . 2 ± 1. . 8 6 
6 .  5 ±  0 .  1 8  7 • 3 ±  2 .  3 7 

6 . 1 ± 0 . 1 7 1 5 . 3 ± 3 . 1 1 
6 . 2 ± 0 . 1 9 1 3 . 2 ± 2 . 9 7 

* * *  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
a Le a s t - s quar e s  mean  t s tanda rd e rr o r  f o r  e ach tra i t  

w i th i n  e a c h  s t eak typ e . Co l o r  and overal l :  1 = d i s l ike . 
e x t reme l y  a nd 8 = l i k e  e x treme l y ; fat  con t en t i 1 · = 
abundant ,  2 = s l i gh t l y  abundant ,  3 = mode r a t e , 4 = 
modes t ,  5 = s l i g h t , 6 = t rac e s , 7 = prac t i c a l l y  none and 
8 = n o n e ; s u r face d i s c o l o rat i on : percentage  o f  s t eak 
s u r fa c e  n o t  normal  be e f  c o l o r . 

b RER = r i be ye ro l l  s t eak ; SRV = s e �ratus  vent ral i s  
s o l i d - mu sc l e  s t ructured s t eak ; NaC l / P04 = s a l t /pho spha te 
c omm i nu t ed s t ruc tured s teak ; A l g/Ca = a l g i n / c a lc i um 
comm i nu t ed s t ruc t u red s teak . 

* P < 0 . 0 5 .  
* *  P < O . O l .  
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( Oc k e rman and Organ i s c i ak , 1 9 7 9 ;  Hu f fman , 1 9 8 0 ; Booren  

et  a l . ,  1 9 8 1 b ,  C has t a i n  e t  a l . ,  1 9 8 2 , Means  and Sc hm idt , 

1 9 8 6 ; Means e t  a l . ,  1 9 8 7 ) .  I n  c o n t ra s t  to the r e s u l t s  

o f  t h e  c u r r e n t  s t udy , Means and S c hm i dt ( 1 9 8 6 ) and Me ans 

e t  a l . ( 1 9 8 7 ) have ob s e rved no de l e t e r i ous e f f ects  on 

s u r face d i s c o l o ra t i o n of comminu ted s t ruc tured s t eak s 

due t o  t h e  u s e  o f  an a l g i n /calc i um b i nder . 

P r i ma r y  meat purchasers no ted a g r e a t e r  ( P < 0 . 0 1 )  

p e rc e i ve d  f a t  dontent  for i n tact mus c l e  s t eaks than 

comm i nuted  s t ruct ured s t eaks ( Tab l e  9 ) , pr i ma r i l y . 

because  o f  the pe rc e i ved fat con t e n t  o f  RER s t eaks . 

Al though prox i ma t e  ana l ys e s  o f  the  fou r ·  typ e s  o f  beef 

s t eaks  i nd i c a t ed RER s t e ak s had the l e a s t  amount o f  

extractab l e  f a t  ( Tab l e  � ) , · perc e ived f a t  cont �n t  o f  RER 

s t eaks was g r e � t e r  ( P < 0 . 0 1 )  than SRV s t eaks . E valuat i on 

o f  the  uncooked s t eaks by the pr imary meat purchaser 

took i nt o  ac c o unt n o t  on l y  the i nt ramus cu l a r  fat  but 

a l s o  the i nt e rmus c u l ar fat· pres �n t . The mo re  

d i sc e rnab l e  f a t  c ontent  o f  RER s teaks c o u l d  po s s i b l y be 

exp l a i ned s i nc e RER s t eak s we re the o n l y  t ype eva luated 

wh ich  h ad i n termuscular fat pre s ent . 

E ven t h o ugh i ntac t musc l e  s t eaks had mo r e  

pe rc e i vab l e  fa t , i ntact mus c l e  s teaks rece i ved h i gher 

( P < O . aS ) overa l l  de s i rab i l i ty rat i n g s  ( Tab l e  9 ) . These 

r e s u l t s  s ugg e s t  the nega t i ve e f fe c t s  of c o l o r . 

4 8  



49 

des i rab i l i ty and s ur fac e d i s co l o rat i on , o r  po s s i bl y  the 

t e x t u r a l  prop e r t i e s , of comm i nu t ed s t ruc t ured  s t eaks 

were  mo r e  de t r i me n t a l  t o  the p r i mary meat purch asers ' 

e va l ua t i on of  uncooked s t eak s than i ntac t mus c l e  s t eak 

f a t  c o n t en t . 

Due t o  conc e rn ove r the s tab i l i t y o£ the  

s t ru c tured s t eak s prepared i n  th i s  s tudy when eva l uated 

i n  a noncon t r o l l ed env i ronment , the p r i ma r y  c o ok was 

a s k e d  t o  mak e an as s e s sment o f  the i n t eg r i ty o f  a l l · four 

t yp e s  o f  s t eaks at the c omp l e t i on of cook i ng . 

I nc i d e nc e s  o f  broken s t eaks were great e s t ( P < 0 . 0 5 )  for 

SRV s teaks ( no t  presented in tabular form } . H owever , 

s i n c e  1 5  o f  7 0  households i nd�cated RER s t e ak s  were i ri 

m o r e  t han one . p i ec e  a f t e r  · co�k ing , the .val i d i t y  6 f th i s  

po r t i on o f  the · s tudy i s  qu es t i onab l e . Th�T e f o r e , the 

r e s u l t s  of the pr imary cook eval uat i on of · s teak 

i nte g r i t y we re no t i nc l uded i n  th i s  d i s cu s s i on and 

u s e  o f  th i s  t ype  of eva luat i on in future  s tud i e s 

r e qu i re s  fur th e r  c ons i de ra t i on . 

S e n s o ry eva l ua t i ons by each h o u s eh o ld member 

over 5 years o l d indicated no d i fference ( � > 0· . 0 5 )  

b e tweeh t�e  i n tac t mu sc l e  and comm i nu ted s t ruc t ured 

s t �a k s  o r  wi th i n  e i ther pa i r  o f  s t eak typ e s  f o r  

j u i c i ne s s  o r  ove ra l l des i rab i l i t y ( Tab l e  1 0 ) . 



T ab l e  1 0  - Leas t - s quares means f o r  c on sume r  eva luated 
s e n s o r y  t r a i t s a  

S te ak 
t yp e b  Tende r n e s s  Ju i c i n e s s  

I n ta c t  m u s c l e  
RER 4 . 9 ± 0 . 1 2 
SRV 4 . 6 ± 0 . 1 1 

C o mm i nu t ed 
NaC l /P04 6 . 0 ± 0 . 1 1 
A l g / Ca 6 . 5 ± 0 . 1 0 

O r t h ogonal  c on t r a s t s· 
I n tac t mus c l e  

v s  c o mm i nu t ed * *  

RER v s  SRV 

NaC l /P04 
vs A l g / Ca 

5 . 4 ± 0 . 1 0 
5 . 6 ± 0 . 0 9 

5 . 3 ± 0 . 1 1  
5 . 5 ± 0 . 1 0 

F l avo r O v e ra l l  

5 . 9 ± 0 . 1 0 5 . 6 ± 0 . 1 0  
6 . 0 ± 0 . 0 9 5 . 6 ± 0 . 1 0 

5 . 6 ± 0 . 1 2 5 . 6 ± 0 . 1 2 
5 . 5 ± 0 . 1 3 ' 5 . 6 ± 0 . 1 3 

* 

• Le a s t - s quares  mean ± s tandard e r r o r  fo� each t ra i t  
w i th i n  e a c h  s t eak t ype . Tenderne s s : � ! =  e x tr�me l y  to�gh 
and 8 = ex t r eme l y  tende r ; j u { c i �es s : 1 = e x t reme l y  dry . 
and 8 = e x t r eme l y  j u i c y ; fla�or and o v e ra l l :  1 = · d i s l ike  
extr eme l y  and 8 = l i ke  e�treme l y . 

b RER = r ib�ye ro l l  s t eak ; SRV = s e rratu s  vent ral i s  
s o l i d- mu s c l e  s truc tu red s t eak ; NaC l /P04 = s a l t /ph o sphate 
c omm i nu t e d  s t ruc tu red s t eak ; Alg /Ca = a l g i n / ca l c i um 
c omm i n u t ed s t ruc tu red s t eak . 

* P < 0 . 0 5 .  
* *  P < ·0 . 0 1 . 
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I n  a g r e emen t w i th WBS va lues ( Tab l e  6 ) , 

comm i n u t e d  s t ruc tured s teak s rec e i ved . h i gh e r , mo re 

de s i rab l e  ( P < O . O l )  t ende rne s s  ra t i ng s than i ntac t musc l e  

s t ea k s  ( Tabl e 1 0 ) .  Consumer evaluat i on r e s u l t s  

i nd i c a t e d  bo th RER and S RV we r e  be twe en s l i gh t l y  tough 

and s l i gh t l y t ende r . W i th i n  the comm i nu ted s truc tured 

s te ak s , c o n s um e r  pane l i s t s rated Alg / Ca s te ak s  s l ight l y  

mo r e  { P = 0 . 0 7 )  tende r than NaC l / PO� s t ruc t u r ed s t eaks . 

Prev i ou s  c omp�r i s ons o f  NaC l / P04 s t eak s and A l g /Ca · 

s t eak s ( Means and Schm i dt , · 1 9 8 6 ; Me�ns e t  a l . ,. 1 9 8 7 ) did 

not e v a l uat e  t enderne s s  d i r ec t l y  bu t d i d  i nd i c at e  there 

was  n o  d i f fe rence ( P > 0 . 0 5 )  i n  cooked b i nd of  the two 

s t e ak t ype s wh en eva l ua t ed by exp.er ienced pane l i s ts . 

Cons umer  pan e l  f l avor rat ings we r e  d ff f e
.
rent 

b e twe e n  the ty'p e s  of s teaks produced ( Tab l e  1 0 ) . Intact 

mus c l e  s t eak s r ec e i ved h i gh e r , mo re de s i rab l e  ( P < 0 . 0 5 )  

f lavo r s c o r e s  than the c omm i nuted s t ructu red s t eaks , 

wi th n o  d i f f e rence ( P > 0 . 0 5 )  det�cted between RER and SRV 

o r  N aC l / P04 and A l g / Ca s t eaks . Re sul t s  o f  p r evi ous 

l abo r a t o r y  s tud i e s  e va l uat i ng the f l avor of s t ruc tured 

s t e ak s  produced by the  a lg i n/calc ium b i nder h ave 

i nd i c � � ed o f f - f l avo r s  may e x i s t  due to unr e aeted 

Na� a l g i na t e  { Means and Schmidt , 1 9 8 6 ; Means e t  al . ,  
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Conc lus i ons  

The  c o n s ume r acceptanc e o f  a l l  four  t ypes  of  

s t e ak s sugg e s t e d  t h e r e  a r e  fab r i ca t i o n and m e rchand i s i ng 

a l t e r na t i ve s  ava i l ab l e  f o r  the l ean t i s s ue w i th i n  the 

b e e f f o r e quart e r . A l though i n tac t mu s c l e  s t eaks 

r ec e i ve d  h i g h e r  ra t i ngs in the unc oo k ed s t a t e  than 

c omm i nut ed s t ruc t ured s t e aks , sens o r y  eva l ua t i on s  

i n d i c a t ed no una n i mous p r e f erenc e f o r  o n e  t ype o f  s t eak 

over anoth e r . · T h e reby , the  enhanc ement o f  f r e s h  beef  

c o n s ump t i on , exc l ud i ng ground be e f , could be f e as ible i f  

a l l  t ypes  o f  s te ak s  we re made ava i l ab l e  t o  the c onsuming  

pub l i c . The product i o n o f  s truc tured m·eat  p roduc ts 

wh i c h  can be marke ted i n  a raw , re f r i g e r a t ed s ta t e , 

wh e t h e r  s o l id-mu s c l e  o r . c omm i nu t ed , would i mpr ove the 

v i s i b i l i ty of �al u e - added products and i n�r e a s e  

pu r c has i ng a l t ernat i ve s  f o r  t h e  c onsume r . · 
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Trout , G . R . and Schm i dt , G . R .  1 9 8 4 . E f f e c t  o f  ph osphate 
t yp e  and concentra t i on , sal t l e v e l  and method o f  
prepara t i on o n  b i nd i ng i n  re s tr u c tured beef · 
ro l l s . J .  Food S c i . 4 9 : 6 8 7 . 

Un i ted S ta t e s  Department o f  Agr i cul t u r e / F ood Sa fety and 
I n s pec t i on Service  { USDA/FS I S ) . 1 9 8 6 . B i nder 
c o n s i s t i ng . o f s od i um alg i nate , c a l c i um 
carbonat e , l ac t i c  ac i d  and calc i um l ac tate . Fed . 
Reg . 5 1 ( 1 5 9 ) : 2 9 4 5 6 . 

U . S . Bu r eau o f  Census . 1 9 8 0 . " U . S .  C en s u s  o f  Pop� l a t i on : 
Gen e ra l  Populat i on Charac ter i s t i c s : S 6�th  
Dako ta , "  Un i t ed S ta t e s  Gove rnment_ . PC 8 0 - l -C4 3 . 

USDA . 1 9 7 5 . O f f i c i a l  Un i t ed S tates S tandards f o r  Grades 
o f  C a rca s s  Bee f . Ag r . Ma rke t i ng S � rv i c e , Uni ted 
S ta t e s Dept . of Ag r i cul ture , Was h i ng t on , D . C .  

Wan s t ed t � K . G . , S e ideman , S . C . , Donne l l y , L . S . , and 
Que n z e r , N . M .  1 9 8 1 . S e ns ory a t t r i bu t e s  o f  
prec o ok ed , calc i um alg i�ate - c oated  pork pa t t i es . 
J .  F o od Prot . 4 4 : 7 3 2 . 

W i l l i ams , S . K . , Ob l i ng e r , J . L . , and We s t , R . L . 1 9 7 8 . 
Eva l ua t i on o f  a ca l c i um a l g i nate f 1 l m f o r  use on 
b e e f cuts . J .  Food Sc i . 4 3 : 2 9 2 . 

5 9  
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F i gu r e  1 - I n - h ome c on s ume r b e e f s t e ak e va l u a t i o n  
p r e l i m i na r y  que s t i o nna i r e 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Name 
Addr e s s  
T e l e ph o n e 
S t o r e  

PRE L I M I NARY QUESTIONNAIRE 

* H o u s e h o l d  Number 
* D e l i v e r y  Da t e  
* * * * * * * * * * * * * * * * * * * * * * * *  

C o n t ac t Da t e  

1 .  Ar e  y o u  t h e  pr imary m e a t  pu rchas e r  w i t � i n  y o u r  
h o u s e h o l d ?  

YE S 
NO I f  n o t , wh o i s ?  

2 .  H o w  m a n y  t i m e s  i n  t h e  l a s t two w e e k s  h a s  y o u r  
h o u s e h o l d  c o n s um e d  f r e s h  be e f , exc l ud i ng g r o und . be e f ?  

a .  1 t i me 
b .  2 - 3 t i m e s 
c .  4 o r  mo re t i m e s  
d .  Nonus e r s  

3 .  Ar e  you t h e  p r i mary c o ok i n  t h e  h ou s eh old? 
YE S 
NO I f  n o t , wh o i s ?  

4 .  W h a t  i s  t h e  m o s t  c ommo n . me thod o f ·  c o o � e r y fo r s t eak 
i t e m s  i n  y o u r ' h o u s e h o l d ?  

a .  B r o i l  ( I ndo o r  o r  Outdo o r ) 
b .  Pan f r y  
c .  M i c r owave 

5 .  To w h a t  degree  of do n e n e s s  a r e  
p r ep a r ed i n  y o u r  h ome ? 

· 

a .  V e r y  r a r e  
c .  Med i um r a r e  
e .  W e l l  done 

s t e a k s g en e r a l l y  

b .  Ra r e  
d .  Me d i um 
f .  V e ry we l l  done 

6 . Numb e r o f  h o u s e h o l d  memb e r s  w i th i n e ac h  a g e  g r oup . 
a .  < 5 b .  5 -. 1 5  
b .  1 6 - 2 5  d .  2 6 - 3 5  
e .  3 6 - 4 5 f .  4 6 - 5 5  
g . 5 6 - 6 5  h .  > 6 5  
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F i g u r e  2 - I n -home c onsumer bee f s t eak e va l uat i on 
g e n e r a l  i ns t ruc t i o n s  de l i ve red w i th the  evaluit i on 
pack e t  

I N- HOME BEEF STEAK EVALUATI ON 

Househ o l d Number 

Your hous eho l d  i s  part i c i pat i n g in an i n- home 
eva lua t i on of four t ypes of bee f s t eak s  that i s  i ntended 
to a s s e s s  pr e f e renc e s . The s t e ak s  your hou s eh o l d  are 
e va l uat i ng are fr om fede ra l l y  i nspec t ed be e f  ca rcas s e s  
and d i f f e r  o n l y  i n  th e i r  me thod o f  proces s i ng . 

T h e s e  s t eaks are  be i n g  pr o v i de d  t o  you at no  
f i nanc i a l obl i gat i on . Howeve r , by  agree i ng t o  
pa r t i c i pa t e  i n  t h i s  s t udy , you hav�  a g r e ed t o  t h e  
f o l l ow i ng c o nd i t i ons : 

( A )  

( B )  

( c )  

( D )  

( E )  

( F ) 

You r  hous eh o l d has  accepted d e l i very o f  
t h e  s t eak s o n  ( date ) and w i l l  prepare 
and· consume the s t eak s w i t h i n  two days o f  
de l i ve ry . 
The pr i mary meat pu rcha s e r  � i th i n your 
hou s ehold  mus t  c ompl � t e  t h e  BLUE FORM 
pr i o r  to c ook i ng the  s t eak s . 

· 

The pr i mafi  cook w i th i n  yo ur household 
mus t  6omp l e � e  t h e  GRE�N FORM wh i l e 
cook i ng the  s t eak s . 

· 

Eac h member  o f  the  h o u s eh o l d  that i s  
ove r 5 ye ars  o l d  mu s t  � om� l e t e  a YE L LOW 
form wh i l e eat i ng th e s t ea k s . 
Al l c omp l e t ed evalua t i on f o rms mus t  be 
retu rned in the preaddre s s ed , pos tage 
pa i d  enve l ope . 
The pr i ma ry mea t  pu rc ha s e r  o f  the  
househbld mu s t  answe r a s e r i e s  o f  fo l l ow
up qu e s t i ons by t e l ephone  w i th i n  three 
we ek s of the s t eak de l i ve ry . 

I f  a t  anyt i me you have qu e s t i on s  c o nc e rn i ng any 
a s pe c t  b f  t h i s  proj ect , p l ease  contac t o n e  o f  the 
f o l l ow i ng peop l e : 

Roger  Johnson o r  D r . J o hn Roman s 
T e l ephone ( 6 0 5 ) 6 8 8 - 5 1 6 5  
Department o f  An i mal & Ran g e  S c i e nces 
S outh Dakota S tate  Un i ve r s i ty 
Brook i ng s , SD 5 7 0 0 7  
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F i gu r e  3 - I n - h ome c o n s u m e r  bee f s t eak evaluat i on 
f o rm f o r  th e p r i ma r y  meat  pu r c h a s e r  

I N - HOME BEEF STEAK EVALUAT I ON 
Hous eho l d  Number  

I n s t ruc t i ons f o r  the  raw produc t eva l ua t i ort ( B LUE ) f o rm . 

1 .  Thi s fo rm i s  to  be comp l e t ed b y  ( Name o f  the 
Pr ima r v  Meat Pu rchas e r ) p r i o r  to  c:o o k i ng t h e  
s t eaks . 

2 .  Lay o u t  the  four packages  on a we l l  l i t , f l at 
sur fac e and no t e the i den t i f icat i on numbers 
before proc eed i n g w i t h y o u r  eva l � a t i on . 

3 .  I ndi ca t e your Ag e and S e x and the Da t e  you 
pe r f o rmed t h i s e va l u a t i on � 

4 .  For each s amp l e  packag e , record a s c o r e  for each 
o f  the  fo l l ow i ng t ra i t s us ing  the nume r i cal 
codes l i s t ed on the BLUE FORM : 

a .  COLOR DES I RA B I L I TY - your pe rcept i on o f  the 
s teak c o l o r . 

b .  FAT CONTENT - the �uan t i t y o f , f a t  i n  each 
package . 

· 

c .  OVERALL DES I RAB IL I TY - � you r  o ve ra l l 
p e r c e p t i on o f  each o f  the  pack ag�s . 

5 .  For each samp l e  ��ckage , redord the  pe rc entage 
( 0 - 1 0 0 % ) o f  the - s teak s u r fac � area wh i c h is not 
normal bee f c n l 6 r . 

EXAMPL E S  
a .  0 %  - No d i s co l o ra t i on . 
b .  1 0 0% - E n t i r e surface area i s . d i s c o l ored . 

6 .  On the  d i ag rams pro v i ded i nd i c a t e  t h e  maj or 
reg i on s  o f  d i s c o l orat i on for tho s e  s am p l e s  that 
have more  than 2 0% s u r face d i s c o l o ra t i on .  

7 .  Pl eas e mak e a n y  c omments  you m i gh t  have on the 
back si de of the B L UE FORM . 
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I N - HOME BEEF S TEAK EVALUAT I ON 
BLUE FORM 

Hous ehold  Number  
1 .  C o mp l e t e  the f o l l ow i n g : 

Age Sex  
2 .  Nume r i c a l  code s 

COLOR FAT 
S CORE CON T E NT 

8 L i ke 8 None 
e x t reme l y  

7 L i k e  7 Prac t i cal l y  
v e r y  much none 

6 L i k e  6 Traces 
moderat e l y  

5 L i ke 5 S l i gh t  
s l i gh t l y  

4 D i s l i ke · 4 Mode s t  
s l i gh t l y  

3 D i s l i ke 3 Moderate 
moderately  

2 D i s l i k e  2 S l i gh t l y  
v e r y  much · abundant 

1 D i s l i ke 1 Abundant 

Da t e  

OVERA L L  
SCORE 

8 L i k e  
e x tremely  

7 L i ke 
very much 

6 L i ke 
mode rat e l y  

5 L i ke 
s l i gh t l y  

4 D i s l i ke · 
s l i gh t l y  

3 D i s l i ke 
modera tely  

2 D i s l i ke 
very much 

1 D i s l i ke 
e x treme l y  extreme l Y  

NOTE : S u r face d i s c o l o ra t i on should b e  a pe rc entage 
( 0 - 1 0 0 % ) of the  s u r face that is  no t normal . b e � f  c o l o r . 

SAMPLE 
NUMBER 

COLOR 
( 1 - 8 ) 

FAT 
C.ONTENT 

( 1 - 8 ) 
OVERALL 

( 1 - 8 ) 

SURFACE 
- D I SCOLORAT I ON 

( 0 - 1 0 0% ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

( S RV ) 
( A lg/Ca ) 

( RER l 
( NaC l /P04 ) 
- - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3 .  Maj o r  r e g i ons  o f  s u r face di s c o l o r a t i on . 

( SRV )  
SAMPLE NUMBER 

( A lg/Ca )  (RER ) 

0 
4 .  Commen t s  ( on t h e  back s i de ) . 
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F i g u r e  4 - I n - h ome c o n s um e r  be e f  s t eak e va l u a t i o n 
f o r m  f o r t h e  p r i ma r y  c o ok 

I N -HOME BEEF S TEAK EVALUATI ON 
H o u s eh o l d  N umb e r  

I n s t r uc t i on s  f o r  t h e  c o o k i n g e v a l u a t i o n { GREE N ) f o rm . 
1 .  T h i s  f o rm i s  t o b e  c o mp l e t e d b y  ( N a m e  o f  the 

P r i ma ry C o ok ) f o l l o w i ng the c o o k i ng o f  t h e  
s t e ak s . . 

2 .  I nd i c a t e  y o u r  A g e  and S e x and t h e  D a t e  y o u  
pe r f o rm ed th i s  e v a l ua t i o n . 

3 .  N o t e  t h e  i den t i f i c a t i on t a g s  a t tach ed t o  each 
s t e ak . Leave t h e  i de n t i f i c a t i on t a g s  i n  e a c h  
s t e a k  du r i ng t h e  e n t i r e c o o k i n g  a n d  s e r v i n g  
p r o c e s s .  

4 .  S u g g e s t ed c o b k i ng t i me s f o i  DES IR ED DEGREES OF 
DONENE S S . 

DE S I RE D  
D EGREE O F  

DONENES S  

SAMPLE NUMBER 
: ( SRV ) ( A lg/C a ) ( RER ) : ( Na C l /P04 ) 

· F I R S T  SECOND : . .  F I RS T  S ECOND 
S ID E  S I DE S I DE S I DE 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � � - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - � -

MED I UM RARE 
MED I UM 

WE L L  DONE 

m i nu t e s  
8 - 1 0  7 - 9 

1 2  - 1 4  1 1 - 1 3  
1 6  - 1 8· 1 5 - 1 7  

m i nu t e s  
1 3 - 1 5  . 1 2 - 1 4  

· t 6  - 1 8  1 5  - 1 7  
1 9 . - 2 1  1 8  - 2 0  . . . 

- - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - -
5 .  Upo n c omp l e t i on o f  c o ok i ng , r e c o �d a S AMPLE 

I NT E GR I TY S C ORE f o r  e a c h  s t eak u s i n g t h e  
nume r i c a l  c o d e  o n  t h e  GREEN FORM . · 

6 .  Upo n c omp l e t i o n o f  c o ok i ng , s ubd i v i de e a c h  s teak 
·a s  s h o wn i n  the f o l l ow i ng d i ag ram w i t h  a s h a rp 
k n i f e . 

S AMPLE NUMBER 

( SRV ) ( A l g/Ca ) ( RER ) 

\ - T a g  ,/'1 Tag 

. 
\ /CUT \ /CUT \ �CUT 

...... ..__ ....... 

� . / �
T 

/ �
T 

/ 
Tag ag ag 

7 .  S e r v e  eac h  memb e r  o f  the h o u s e h o l d  f o u r  ( 4 )  1 / 2 
p o r t i on s  o f  s t e ak . Each 1 / 2  po rt i on s h o u l d  have 
a d i £ fe r e n t i de n t i f i c a t i on n umbe r . 

8 .  P l e a s e  mak e any c o mme n t s  yo u m i g h t  h av e  o n  the 
b ac k s i de o f  the GREEN FORM . 
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I N - HOME BEEF S TEAK EVALUAT I ON 
GREEN FORM 

Hous ehold  Number 
1 .  C o mp l e t e  t h e  f o l low i ng : 

Age S e x  

COOKERY METHO D 
( C i rc l e  the  me thod us ed ) 

Br o i l ( I ndoo r ) 

B r o i l ( Ou t do o r ) 

Pan f r y  

2 .  Nume r i c a l c odes  

3 .  C o mment s . 

S AMPLE I NTEGR I TY S C ORE 
6 I n tac t 
5 2 p i eces  
4 3 - 4 p i e c e s  
3 5 - 6 p i ec e s  . . 
2 7 - 8 ·p i eces  
1 > 8 p i ec e s  

SAMPLE
. 

NUMBER 

SAMPLE 
I NTEGR I TY · 

( 1 - 6 )
. 

= = = = = � = = = = = = = = = = = = = =  

( SRV )  
( Alg/Ca ) 

( RER ) . 
( NaC l /P04 ) 
- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -

Date 
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F i gu r e  5 - I n -home consumer be e f  s teak s ens ory 
eval ua t i on f orm f o r  hous eho ld membe rs over 5 years o ld 

I N-HOME BEEF S TEAK EVALUATI ON 
Hous eh o l d  Number 

I n s t ruc t i ons  for  the  sensory eva l uat i on ( YE LLOW ) form . 
1 .  A YE L LOW FORM i s  t o  be c omp l e t ed by eve r y  member 

of the  hous eho l d  over 5 years o l d . 
2 .  Ind i c a t e  your Ag e and Sex  and the Da te you 

per fo rmed th i s  eva lua t i o n . 
3 .  Note the ident i f icat i on tags at tac hed t o  each 

6 7  

1 / 2  s teak po r t i on . Each pe r s o n  should  evaluate 
four ( 4 )  1 / 2  s t eak po r t i ons , each w i th a d i f ferent 
i den t i f i ca t i on numbe r .  

4 .  Fo r erich s teak s amp l e , recdrd a s c o re for  �ach 
o f  t h e  f o l l owing  tra i t s us i ng t h e  nume r i ca l  
code s l i s t ed o n  the  YELLOW FORM : 

a .  DEGREE OF DONENE S S  - eva l ua t i on o f  the 
i n t ernal c o l o r  of the cut sur fac e of  the 
s teak . Us e the · BEEF S TEAK COLOR GU I DE a s  
an a i d . 

b .  TENDERNES S  
c .  JUI C I NESS 
d . FLAVOR 
e .  OVERALL DES IRAB I L I TY 

5 .  Pleas e make any ·Comments  you ' m i gh t  have on the 
back � i de of th� YELLOW FORM .. 



1 . Comp l e t e  
Ag e 

2 .  N o t e  t h e  
po r t i o n . 

3 . Nume r i c a l  

TENDERNE S S  
S CORE 

8 Ex t r eme l y  
t ende r 

7 Ve r y  
t ende r 

6 Moderate l y  
t ende r 

5 S l i gh t l y  
t ende r 

4 S l i gh t l y  
t o ugh 

3 Mode r a t e l y  
t ough 

2 V e r y  
t ough 

1 E x t r eme l y  
tough 

I N - HOME BEEF S TEAK EVALUAT I ON 
YELLOW FORM 

Hous eh o l d  Number  

the  fo l l ot.; ing : 
S e x  Da t e  

ide n t i f i c a t i o n  number  at tac h ed . t o  each s t eak 

codes  

8 

7 

6 

5 

4 

3 

2 

1 

D E GREE OF DONEN ES S S CORE 
6 Very rare 5 Rar e  
4 Med i um rare 3 Medi um 
2 We l l  done 1 Ve r y  we l l  done 

JU I C I NE S S FLAVOR OVERALL 
S C OR E S CORE · scoRE 

Extreme l y  8 L i k e 8 L i k e  
j u i cy ex t r em e l y  ext reme l y  

Very 7 L i k e 7 L i k e  
j u i cy very much very much 

Moderat e l y  6 L i ke . '6 L i ke  
j u i c y  mode r a t e l y  moderate l y  

S l i gh t l y  5 L i ke 5 . L i ke 
j u i c y . s l i g h t l y  s l i gh t l y  

S l i gh t l y  4 D i s l i k e 4 D i s l ike 
dry s l i gh t l y  s l i gh t l y  

Moderate l y  3 D i s l i k e  3 D i s l ike 
dry  mode rat e l y  mod e rate l y  

Ve ry  2 D i s l i k e  ' 2  D i s l ike  
dry very much very  much 

Ext r eme l y  1 D i s l i k e  1 D i s l i ke 
dry . ex treme ly extreme l y  

SAMPLE 
NUMBE R  

DE GREE O F  
DONENE S S  

( 1 - 6 ) 
TENDERNE S S  

( 1 - 8 )  
JU I C I NE S S  

( 1 - 8 )  
FLAVOR 
. ( 1 - 8 ) 

OVE RALL 
( 1 - 8 )  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
C SRV ) 

( Alg/Ca ) 
( RER ) 

( NaC l /P04 ) 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

4 .  C om�en t s  ( on the back s i de ) . 
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F ig u r e  6 - I n- h o me c onsumer bee f s t eak evaluat i on 
f o l l ow-up qu es t i onna i r e 

FOLLOW -UP QUE ST I O I NNAIRE 

Hou s e h o l d  Number  
Name of  pr i ma r y  c ook 

Del ivery  D a t e  

1 .  How many years  o f  s c hoo l i ng have you h ad ?  
a .  Le s s  than 9 yea r s  
b .  9 - 1 2  years 
c .  More than 1 2  years 

2 .  Occupat i o n of  the heads of  the hou s eh o ld . 
Ma l e  
Fema l e  

3 .  What i s  t h e  medi an hous eho ld i ncome ? 
a .  Le s s  than $ 1 5 , 0 0 0  per year 
b .  $ 1 5 , 0 0 0  - $ 3 9 , 9 9 9 
c .  More  ·than $ 4 0 , 0 0 0  per yea_r 
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Tab l e  1 - C h i - s quare ana l ys i s  o f  raw s t eaket te j unc ture 
s ucc e s s  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - -

Al g / Ca a 

I 

I I  

I I I  

I V  

v 

Uns ucc e s s ful 
raw 

j unctures b 

4 0  

2 7  

1 1  

6 

1 

V ,  

V ,  

v 

v 

X 2  va l u e , 1 d f  

IV , I I I  & I I  V S  I 

I V  & I I I v s  I I  

& I V  V S  I I I 

V S  I V  

a Al g i n/ Ca l c i um l � ve l  ( % ) : I = 2 . . 0 0 / 0 . 3 6 0 , 

5 4 . 2 7 * *  

2 7 . 1 5 * *  

3 . 0 8 

1 . 0 3 

I I  = 2 . 2 5 / 0 . 4 0 5 , I I I  = 2 . 5 0 / 0 . 4 5 0 , I V  = 2 . 7 5 / 0 . 4 9 5  and 
v = 3 . 0 0 / 0 . 5 4 0 . 

b Pos s i b l e  j unc tures = 6 0 . 
* * P < O . O l .  

Tab l e  2 - Leas t - s qua�es · �na lys i s  o f  �a r i anc e  for  
suc c e s s fu l  ra� j unc ture b i nd i ng s t r ength  -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
S ou r c e  df  s s a  F Frob . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - -
Rep ( R )  4 1 2 7 7 8 . 8  1 . 1 8 0 . 3 5 7 2  
Al g i n / C al c i um ( AC )  4 1 1 4 1 9 3 . 0  9 . 5 2 0 . 0 0 0 5  
R X AC 1 5  4 4 9 9 7 . 6  1 . 4 5 0 . 1 5 8 9  
Ad i p i c  ac i d ( AD )  2 1 1 0 0 . 2  0 . 2 7 0 . 7 7 1 9  

R x AD 8 1 6 4 5 2 . 1  1 . 1 2 0 . 3 7 7 2 
AC x AD 8 6 6 8 8 1 . 1  1 . 9 9 0 . 0 9 5 6  
R X AC X AD 2 2  9 2 2 1 5 . 1  2 . 5 7 0 . 00 2 5  
S t eak ( Rep ) 1 5  4 0 4 4 2 . 6  1 . 6 5 0 . 0 9 0 9  

AC X S teak ( Rep ) 5 1  1 0 5 1 9 7 . 5  1 . 2 6 0 . 1 9 9 7 
AD x S t eak ( Rep ) 3 0  5 4 9 9 9 . 9  1 . 1 2 0 . 3 4 9 0  
Re s i dua l - 5 4 8 8 2 3 0 . 1  
Total  2 1 3  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
a SAS GLM Type I I I  sum o f  squar e s . 
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Tab l e  3 - Ch i - s qua r e  ana lys i s  o f  cooked s t eak e t t e  
j un c ture  s uc c e s s  
- - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -

A l g / C a a  

I 

I I  

I I I 

I V  

v 

U n s u c c e s s fu l  
c ooked 

j un c t u r e s b  

5 3  

4 7  

3 1  

1 4  

4 

v ,  

v ,  

v 

v 

X2 v a l u e , 1 df  

I V , I I I  & I I  V S  I 4 0 . 3 8 * *  

I V  &. I I I  v s  I I  4 1 . 1 3 * * 

&. IV vs I I I  1 6 . 0 6 * *  

vs  I V  0 . 5 3 

. . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---

• Al g i n/ Ca l c i um l evel  ( % ) : I = 2 . 0 0 / 0 . 3 6 0 , 
I I  : 2 . 2 5 / 0 . 4 0 5 , I I I  = 2 . 5 0 / 0 . 4 5 0 , i V  = 2 . 7 5 / 0 . 4 9 5  and 
v = 3 . 0 0 / 0 . 5 4 0 . 

b Po s s i b l e  j unctures = 6 0 . 
* * P < 0 . 0 1 . 

Tab l e  4 - Leas t - s qua�es - ana lys i s  o f  �ar i ance f o r  
s ucc e s s fu l c o6ked j unc ttire b i nding s t r ength 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 

S o u rc e  df s s a  F Prob . 

- - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Rep ( R )  4 
Al g i n /Cal c i um ( AC )  4 
R X AC 1 1  
Ad i p i c  ac i d  ( AD )  2 
R X AD 8 
AC x AD 7 
R x AC x AD 1 1  
S te ak ( Rep ) 1 5  
AC x S t eak ( Rep ) 3 0  
AD x S teak ( Re p ) 2 7  
R e s i dua l . 1 6  

T� tal  1 4 2 

1 0 5 4 3 6 . 5  
5 1 4 1 5 . 4  
4 3 3 2 2 . 1 
1 0 7 7 3 . 5  
5 3 4 2 1 . 7  
1 4 2 2 5 . 8  
6 5 6 9 6 . 6  
2 7 3 5 5 . 7  
9 9 3 7 5 . 9  

1 2 4 9 9 9 . 8  
7 6 3 2 3 . 8  

1 4 . 4 5 
3 . 2 6 
1 . 1 9 
0 . 8 1 
1 . 4 4 
0 . 3 4 
l - 2 5  
0 . 3 8 
0 . 6 9 
0 . 9 7 

0 . 0 0 0 1 
0 . 0 5 3 9 
0 . 3 3 5 6  
0 . 4 7 9 6 
0 . 2 2 4 6  
0 . 9 1 8 5  
0 . 3 3 1 7  
0 . 9 6 5 1  
0 . 8 1 1 0 
0 . 5 4 1 7  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
• S AS GLM Type I I I  s um of  s quares .  
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Tab l e  5 - L e as t - s quar e s  anal ys i s  o f  var i ance f o r  raw and 
c o ok e d  s t e ak e t t e g e l  t h i ckne s s  
= = = = = = = = = = � = = = = = = = = = = = = = = = = = = = = = = = = = = � = = = = = = = = = = = = = = = = = =  

S o u r c e  

R e p  ( R )  
A l g i n / Ca l c i um ( AC ) 
R X AC 
Ad i p i c  ac i d  ( AD )  
R x AD 
A C  x AD 
R x AC x AD 
S t eak ( R e p ) 
AC x S t e ak ( Rep ) 
AD x S t eak ( Re p ) 
Re s i dua l  
T o t a l  

d f  

4 
4 

1 6  
2 
8 
8 

3 2  
3 5  

1 3 8 
7 0 " 

2 4 8  
5 6 5  -

1 3 9 . 5 
3 2 . 6 

1 8 1 . 0 

1 . 6 
5 5 . 5  
3 3 . 0 

3 0 8 . 9 
1 3 1 . 8  
4 2 8 . 4  
1 9 7 . 6  
6 6 3 . 9  

F 

9 . 2 6  
0 . 7 2  
3 ." 6 4 
0 . 1 2 
2 . · 4 6  
o.·. 43 
3 . 6 1  
1 . 41 
1 . 1 6  
1 . 0 5  

Prob . 

0 . 0 0 0 1 
0 . 5 9 0 9  
0 . 0 0 0 1 

. 0 . 8 9 2 4  
0 . 0 2 0 9  
0 . 8 9 5 5  
0 . 0 0 0 1 
0 . 0 7 3 1 
0 . 1 5 7 2 
0 . 3 7 6 6 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
a S AS GLM Type I I I  s um o f  s qu a r e s . 

Tab l e  6 - L e a s t - s qu a r e s  ana lys i s  o f  var i ance . f o r  cooked 
s t e a k e t t e  y i e l d 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -. . 

S ou r c e  d f  

Rep ( R )  4 
A l g i n /Ca lc i um ( AC )  4 
R x AC 1 6  
Adi p i c  ac i d  ( AD )  2 
R X AD 8 
A C  x AD 8 
R X AC X AD 3 2  
S t eak ( Rep ) 1 5  
AC x S t e ak ( Re p ) 6 0  
AD x S t eak ( Re p ) 3 0  
R e s i du a l  1 2 0 
T o t a l  2 9 9  

. ss a  

2 8 0 2 . 2  
1 1 3 . 1 
6 7 5 . 9  
1 6 3 . 6  
.1 7 2 . 3  
6 -l 2 . 5 

2 2 4 5 . 0  
2 8 0 . 7  
7 6 5 . 7  
3 0 4 . 7  
9 0 1 . 4  

F 

3 7 . 4 3 
o : s 7 
3 . 3 1  
3 . 8 0 
2 . 1 2 
1 . 1 4  
9 . 3 4 
2 . 49 
1. . 7 0 
1 . 3 5 

Prob. 

0 . 00 0 1  
0 . 6 2 2 7  
0 . 0 0 0 4  
0 . 0 6 9 2  
0 . 0 6 5 1  
0 . 3 6 1 6  
0 . 0 0 0 1 
0 . 0 0 3 2 
0 . 0 0 7 2  
0 . 1 2 9 4  

- - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
a SAS GLM Type I I I  s um of s qua re s .  
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Tabl e 7 - Leas t - s quar e s  ana l ys i s  o f  var i anc e f o r  cooked 
s t eak e t t e  pH 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 

S o u r c e  d f  s s a  . F Prob . 
- - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
R e p  ( R )  4 4 . 3 3 2 6 2 . 2 3 0 . 0 0 0 1 
A l g i n / C a l c i um ( AC )  4 0 . 1 9 0 . 9 9 0 . 4 4 0 5  
R X AC 1 6  0 . 7 8 1 1 . 8 1 0 . 0 0 0 1 
Ad i p i c  a c i d  ( AD )  2 0 . 5 8 2 . 6 0 0 0 1 3 4 9 
R X AD 8 O o 8 9 2 7 . 1 2 0 0 0 0 0, 1 
AC X AD 8 O o 6 0 1 . 1 2  O o 3 7 8 6  
R X AC X AD 3 2  2 . 1 6 1 6 . 3 4 O o 0 0 0 1 
S teak ( R ep ) 1 2  0 . 0 3 0 . 6 9 O o 7 6 4 3  
Par t ( S t eak ) 8 1 o 2 9 3 8 . 9 8 0 . 0 0 0 1  

Pa r t  1 V S  Par t 3 1 0 o O O O o 2 8 0 . 5 9 8 8  
Pa r t s  1 & 3 V S  

Pa r t  2 1 0 . 2 7 · 6 4 . 3 8 O o 0 0 0 1 
AC X Par t { S te ak ) 4 4  0 . 1 7 0 . 9 6 0 . 5 4 7 8  
R e s i dua l 7 5 5  3 . 1 2 

To t a l  8 9 6  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

a SAS GLM T ype I I I  s um o f  s quare s . 

Tab l e  8 - Lea s t - s quar es anal ys i s  o f  var i anc e f o r  i n -home 
s t e ak s tudy pro x i mate anal ys i s  - mo i s ture · 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

S ourc e df s s a  · F Prob . 
- - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - -
Rep ( R )  9 1 0 3 . 6 2 8 . 1 1  0 . 0 0 1 5  

Treatment  ( T ) 3 2 3 . 1 3  2 . 0 6 0 . 1 2 8 5  

I n t a c t  V S  
Comm i nu t ed 1 . ·o .  3 8  0 . 1 0 0 . 7 5 1 7 

RER v s  SRV 1 0 . 2 9 0 . 0 8  0 . 7 8 2 1  

NaC l / P04 vs A l g / C a  1 2 2 . 4 6 6 . 0 1 0 . 0 2 1 0 

R X T 2 7  1 0 0 . 8 7 3 . 7 8 0 . 0 0 0 3  

S te a k ( Re p ) 1 0  1 4 . 2 0 1 . 4 4  0 . 2 1 1 7  

Re s i du a l  3 0  2 9 . 6 2 

T o t a l  7 9  

- - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - � - -

a SAS . GLM Type I I I  sum o f  s quare s . 
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Tab l e  9 - Leas t - s quares  analys i s  o f  var i anc e for  i n-home 
s t eak s tudy p r ox ima t e  ana lys i s  - f a t  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - -

S o u r c e  d f  s s a . F 

R e p  ( R )  9 6 0 . 0 4 2 . 5 1  
T r e atme n t  ( T )  3 8 7 . 9 3 6 . 1 0 

I n tac t vs 
Comm i nu t ed 1 2 1 . 3 6 4 . 4 4 

RER v s  SRV 1 5 9 . 8 3 1 2 . 4 5 
NaC l / PO" vs  A l g / Ca 1 6 . 7 5 1 . 4 0 

R X T 2 7  1 2 9 . 7 9 2 . 2 3 
S t eak ( Re p ) 1 0  2 6 . 5 9 1 . 2 3 
Re s i dua l 3 0  6 4 . 6 1 
T o t a l  7 9  

a s AS GLM Type I I I  sum o f  s quare s . 

Tab l e  1 0  - Leas t - s quare s  analys i s  o f  var i anc e fq r 
i n- home s teak s tudy pr p x i�� t e anal y s i s  - pro � � i n  

Prob . 

0 . 0 8 4 1 
0 . 0 0 2 6  

0 . 0 4 4 5  
0 . 0 0 1 5  
0 . 2 4 6 4  
0 . 0 1 7 2 
0 . 3 0 9 8  

= = = = = = = = = = = = = = = = = = = = = = = = = � = = = = = = = = = � = = = = = = = = = = = = = = = = = = = = 
S ou r c e  df . s s a  . F Prob . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
R e p  ( R ) 9 1 9 . 2 1  " 2 . 3 3 0 . 1 0 1 4  
T r ea tm e n t  ( T )  3 4 8 . 7 2 1 3 . 8 5 0 . 0 0 0 1 

I ntac t vs 
Comm i nuted 1 1 . 2 1 1 . 0 3 0 . 3 1 9 0  

RER v s  SRV 1 4 3 . 9 8 3 7 . 5 1 0 . 0 0 0 1 
NaC l / P04 vs Alg / C a  1 3 . 5 3 3 . 0 1 0 . 0 9 3 9  

R X T 2 7  3 1 . 6 5 2 . 0 4 0 . 0 2 9 8  
S t eak ( Re p ) 1 0  9 . 1 4 1 . 5 9 0 . 1 5 7 1 
R e s i dua l 3 0  1 7 . 2 3 
T o t a l  7 9  
- - � - - - - - - - - - � � - � - - - - - - - - � - - - - - - - - - - - - - - - - � - � - - - - - - - - - - - -

a s AS GLM
. Type I I I  s um o f  s quar e s . 
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Tab l e  1 1  - Leas t - squa res  ana l ys i s  o f  var i anc e for  
i n -h ome s t e ak s tudy l abora t o ry cook i ng l o s s  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = � = = = = = = = = = = = = = = = = = =  

S o u r c e  df  s s a  F Prob . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
R e p  ( R }  9 
T r ea tmen t ( T )  3 

I n t ac t  vs  
Comm i n u t ed 1 

RER V S  SRV 1 
NaC l /P04 v s  Alg/Ca 1 

R X T 2 7  
S te ak ( Re p ) 1 0  
Deg r e e  o f  Donenes s  1 
R e s i du a l  2 9  
To t a l  7 9 

1 4 7 . 0  
4 9 9 . 2  

1 9 0 . 1 
5 4 . 0  
2 5 . 3 

2 5 4 . 7  
9 2 . 6  
1 6 . 6  
7 7 . 9  

1 . 7 6 
1 7 . 6 4 

2 0 . 1 5 
5 . - 7 2 
2 . . 6 9  
3 . 5 1  
3 . 4 5 
6 . 2 0 

0 . 1 9 4 9  
0 . 0 0 0 1  

. 0 . 0 0 0 1 
0 . 0 2 4 0  
0 . 1 1 2 8  
0 . 0 0 0 6  
0 . 0 0 4 4  
0 . 0 1 8 8  

. . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . 

a S A S  GLM Type I I I  s um o f  s quares . 

Tab l e  1 2  - Leas t - s quar e s  anal ys i s  o f  var i an c e  for  
i n- h ome s t eak s tudy Warner-Bra t z l e r  s h ea r  e v�l u�t ion 
= = = = = = = = = = = = = = = = = = = = = = = = � � � = = = = = = = = = ·= = = = = = = = = = = = = = = = = = = =  

S o u rc e  df  s s a  
. . 

F Prob . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Rep ( R )  9 
Treatment ( T )  3 

I n ta c t  vs  
C ommi nu t ed 1 

RER V S  S RV 1 
NaC l / PO�  vs  A l g /Ca 1 

R X T 2 7  
S t eak ( Rep ) 1 0  
Deg r e e  o f  Donenes s  1 
Re s i dual  4 2 9  
To ta l 4 7 9  

9 5 . 1  
1 6 7 . 4  

1 3 2 . 4  
1 5 . 7  

5 . 3  
1 0 5 . 0  

3 6 . 4  
1 . 1 

1 3 4 4 . 4  

2 . 9 0 
1 4 . 3 4 

3 4 . 0 3 
4 . 0 3 
1 . 3 7 
1 . 2 4 
1 .  1 6  
0 . 3 7 

0 . 0 5 6 2  
0 . 0 0 0 1 

0 . 0 0 0 1 
0 . 0 5 4 9  
0 . 2 5 2 8  
0 .  1 9 0 7 
0 . 3 1 5 1 
0 . 5 4 5 4  

- - - - - - - - - - - - - - - � - - - - - - - - - � - - - - - - - - - - - - - - - - � - � - - - - - - - - - - -

a S AS G LM Type I I I  s um o f  square s .  
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T ab l e 1 3  - Leas t - s�uares  anal ys i s  o f  var i anc e f o r  
i n -h ome  s t e ak s tudy TBA e va l ua t i on 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S ou r c e  df ss a F Prob . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Rep ( R )  9 0 . 7 1 0 8  2 4 . 1 9 0 . 0 0 0 1  
Da y  ( D )  2 0 . 4 5 5 3  6 . 6 8 0 . 0 0 6 8  
R X D 1 8  0 . 6 1 3 6  2 0 . 2 3 0 . 0 0 0 1 
T re a tment ( T )  3 0 . 2 4 4 0  8 . 2 5 0 . 0 0 0 5  

I n t a c t  V S  
C omm i n u t e d  1 0 . 0 7 4 4  7: . 5 5 0 . 0 1 0 6 

RER v s  SRV 1 0 . 0 8 0 2  8 . 1 3 0 . 0 0 8 2  
NaC l /PO.a v s  A l g /Ca 1 0 . 0 9 5 5  9 . 6 8 0 . 0 0 4 4 

R X T 2 7  0 . 2 6 6 2  3 . 0 9 0 . 0 0 1 6  
D X T s · 0 .  0·9 1  0 1 .  1 2  0 . 3 6 2 3  
R X D X T 5 4  0 . 7 3 0 6  4 . 0 9 0 . 0 0 0 1  
S t eak ( Rep ) 1 0  0 . 0 3 2 7  0 . 9 9 0 . 4 6 6 6  
D X S t e ak ( Re p ) f a  0 . 0 3 0 3  0 . 5 1 0 . 9 4 1 7  
T X S t e ak { Rep ) 3 0  0 . 0 9 5 8  0 . 9 6 " 0 . 5 3 2 5 
Re s i dual  5 2 0 . 1 7 2 1  
To tal  2 2 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - � - - - - - - - - -

a sAS GLM T ype I I I  sum o f  s qu a r e s .  

Tab l e  1 4  - L e as t - s quare s anal ys i s  o f  var i ance  f o r  
i n- home s te ak s tudy TBA evaluat i on - D a y  1 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S o urce  df ssa  F Prob . 
- - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R e p  ( R )  9 0 .- 3 5 7 4  2 4 . 7 6 0 . 0 0 0 1 
T r e atment ( T )  3 0 � 1 0 5 3  5 . 9 9 0 . 0 0 2 9 

I n tac t  vs  
Comm i nu t e d  1 0 . 0 2 0 2  3 . 4 4 0 . 0 7 4 5 

RER v s  SRV 1 0 . 0 0 3 2  0 . 5 5 0 . 4 6 3 4  
NaC l /P04 vs A l g /Ca 1 0 . 0 8 1 9 1 3 . 9 9 0 . 0 0 0 9 

R X T 2 7  0 . 1 5 8 1  2 . 5 7 0 . 0 0 5 0  
S t eak { Rep ) 1 0  0 . 0 1 6 0  0 . 7 3 0 . 6 8 8 8  
Re s i dua l · 3 0  0 . 0 6 5 7  
Tota l 7 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

• SAS GLM T ype I I I  s um o f  s quare s . 
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Tab l e  1 5  - Leas t - s quare s  ana l ys i s  o f  var i anc e  f o r  
i n- h ome s t eak s tudy TBA eva l ua t i on - D a y  3 3  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =.= = � = = = = = = = = = = = = = = = = = =  

Source  d f  s s a  F Prob . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Rep ( R )  9 0 . 2 2 0 -l  1 9 . 0 1 0 . 0 0 0 1 
T r e a tm e n t ( T ) 3 0 . 1 0 7 0  1 6  . .1 4  0 . 0 0 0 1 

I n t ac t V S  
C o mm i n u t e d 1 0 . 0 2 0 8 9 . 4 2 0 . 0 0 4 9  

RER V S  SRV 1 0 . 0 0 9 6  4 � 3 5  0 . 0 4 6 6  
NaC l /POo� V S  A l g /Ca 1 0 . 0 7 6 6  3 4 -. 6 6 0 . 0 0 0 1 

R X T 2 7  0 . 0 5 9 6  1 . 6 7  0 . 0 8 7 7  
S te ak ( R e p ) 1 0  0 . 0 1 2 9 0 . 9 7 0 . 4 8 6 7  
Re s i dua l 3 0  0 . 0 3 9 8  
T o t a l  7 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 S A S  GLM Type I I I _ sum o f  s quare s .  

Tab l e  1 6  - Leas t - s quares  ana l ys i s  o f  var i anc e f o r  
i n - home s t eak s tudy TBA evaluat i on - D a y  7 0  
= = = = = = = = = = = = = = = = = = = = = = = = � � � = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

S o u r c e  d f  s s a  F Pro b .  
- - - - - - - - - - - - - -� - - - - - - - - - - - - - - - - - - - - - - - - - -� - - - - - - - - - - - - - -
Rep ( R ) 9 · 
T r e atment  ( T )  3 

I nt ac t  vs 
C omm i n u t e d 1 

RER vs  SRV 1 
NaC l /P04 vs A l g /Ca 1 

R X T 2 7  
S t eak ( Re p ) 8 
Re s i du a l  2 2  
To tal  6 9  

0 . 7 4 6 2 
0 . 1 2 5 8  

0 . 0 3 5 3  
0 . 0 9 8 3  
0 . 0 0 0 0  
0 . 7 8 0 9  
0 . ·0 3 8 5  
0 . 1 6 2 4  

. 1 7 . 2 2 
1 . 4 5  

1 . ·2 2 
3 . 4 0 
0 . 0 0 
3 . 9 2 · 
0 . 6 5 

0 . 0 0 0 3  
0 . 2 5 0 4  

0 . 2 7 9 3  
0 . 0 7 6 2 
0 . 9 5 9 8  
0 . 0 0 0 9  
0 . 7 2 6 4  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - -
a s AS GLM Typ e  I I I  sum o f  s quares .  
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Tab l e  1 7  - Leas t - s quares ana lys i s  o f  var i ance  for 
i n-home s t eak s tudy uncooked s teak eval uat i on - c o l o r  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

S ource  df  s s a  . F Prob . 

Rep ( R )  9 4 3 . 3 9 2 . 8 3 0 . 0 0 3 5  
T r e a tment ( T )  3 3 0 . 4 1 5 . 9 5 0 . 0 0 0 6  

I n t ac t V S  
Comm i n u t ed 1 2 8 . 9 8 1 7 . 0 0 0 . 0 0 0 1 

RER v s  SRV 1 1 . 1 3 0 � 6 6 0 . 4 1 7 2  
NaC l /P04 v s  A l g / Ca 1 0 . 5 7 0 . 3 4 0 . 5 6 3 1  

S ex ( s )  1 2 . 3 9 1 . . 4 0  0 . 2 3 7 1  
T X s 3 0 . 9 8 0 . 1 9 0 . 9 0 2 5  
Age ( A )  3 1 2 . 2 1 1 . 2 5 0 . 3 2 1 4  
R X A 1 7  5 5 . 1 5 1 . 9 0 0 . 0 1 8 2  
T X A 9 8 . 0 9 0 . 5 3 0 . 8 5 4 0  
s X A 3 0 . 5 6 0 . 1 1  0 . 9 5 4 2  
R e s i dual  2 4 9  4 2 4 . 3 9 
T o t a l  2 9 7  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

a SAS GLM Type I I I  sum o f  s quares .  

T ab l e  1 8  - Least - s q��res analys i s  o i vari ance for  
i n-h ome s teak

'
s tudy uncook ed s teak e va l uat i on 

perc e i ved fat  content  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = � = = = = = = = = = = = = = = = = = =  

S o u rc e  d f  s s a  Prob . 

Rep ( R )  9 6 2 . 8 3 3 . 7 8 0 . 0 0 0 2  
Trea tment ( T )  3 6 2 . 6 4 1 1 . 3 1 0 . 0 0 0 1 

I nt ac t  V S  
Comm i nu t ed 1 3 1 . 1 2 1 6 . 8 6 0 . 0 0 0 1 

RER vs SRV 1 2 9 . 5 7 1 6 . 0 2 0 . 0 0 0 1 
NaC l /P04 vs A l g /Ca 1 1 . 3 9 0 . 7 6 0 . 3 8 5 6  

S ex ( s )  1 0 .  1 2  0 . 0 7 0 . 7 9 8 8  
T X s 3 1 . 6 3 0 . 2 9 0 . 8 2 9 2  
Ag e ( ! d  3 . 1 1 . 9 5 1 . 1 4 0 . 3 5 9 6  
R X A 1 7  5 9 . 1 7 1 . 8 9 0 . 0 1 9 7 

· 't X A 9 5 . 5 1 0 . 3 3 0 . 9 6 4 0  
s X A 3 1 2 . 6 5 2 . 2 8 0 . 0 7 9 5  
Res i dual 2 4 9  4 5 9 . 6 0 
Total 2 9 7  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

• SAS GLM Type I I I  sum o f  square s . 
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T ab l e  1 9  - L e a s t - � quares  anal ys i s  o f  var i an c e  f o r  
i n-home s t eak  s t udy unc ooked s t eak eva l ua t i on - overal l 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S o ur c e  d f  s s a  F Pro b .  

Rep  ( R )  9 3 0 . 6 3 1 . 7 0 0 . 0 9 0 5  
T r e a tm e n t  ( T )  3 1 5 . 4 0 2 . 5 6 0 . 0 5 5 7  

I nt ac t V S  
C o mm i nu t ed 1 1 2 . 7 3 6 . 3 4 0 . 0 1 2 -t 

RER V S  SRV 1 2 . 7 4 1 . 3 7 0 . 2 4 3 4 
NaC l /P04 v s  A l g /Ca 1 0 . 0 2 0 . 0 1 0 . 9 2 9 4  

S ex ( s ) 1 5 . 8 1 2 . 8 9 0 . 0 9 0 2  
T X s 3 0 . 2 2 0 . 0 4 0 . 9 9 0 5  
Age ( A )  3 0 . 8 9 0 . 1 5 0 . 9 2 5 5  
R X A 1 7  3 2 . 6 4 0 . 9 6 0 . 5 0 8 2  
T X A 9 6 . 9 0 0 . 3 8 0 . 9 4 3 2  
s X A 3 6 . 3 7 1 . 0 6 0 . 3 6 7 5  
Res i du a l  2 4 6  4 9 3 . 7 7 
Tot a l  2 9 4  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 S AS GLM Type I I I  s um o f  s quare s . 

Tab l e  2 0  - Le;;Ls t - s quar e s  anal ys i s  o f  vari_anc e  f o r  
i n- home s t eak s tudy uncooked s t eak eva l uat i on - surface 
d i s c o l o rat i on 
- - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S ou r c e  d f  s s a  F Prob . 

Rep ( R )  9 1 2 1 9 1 . 7  2 . 9 0 0 . 0 0 2 8 
Treatment  ( T )  3 3 7 9 8 . 2  2 . 7 1 0 . 0 4 5 8 

I n tac t vs  
C o mm i nuted  1 3 5 3 8 . 1 7 . 5 7 0 . 0 0 6 4  

RER V S  S RV 1 1 5 2 . 5  0 . 3 3 0 . 5 6 7 2 
NaC l / P04 v s  A l g /Ca 1 1 6 1 . 6  0 . 3 5 0 . 5 5 7 2  

S e x  ( s )  1 2 0 0 . 3  0 . 4 3 0 . 5 1 3 4 
T X s 3 1 3 4 7 . 2  0 . 9 6 0 . 4 1 2 0 
Ag e ( A )  3 . 2 3 6 9 . 0  1 . 3 9 0 . 2 8 0 9  
R. X A 1 7  9 6 8 0 . 8  1 . 2 2 0 . 2 5 0 5  
T - x A 9 2 0 7 7 . 0  0 . 4 9 0 . 8 7 8 2  
S X A 3 3 0 6 8 . 6  2 . 1 9 0 . 0 9 00 
Res i du a l  2 4 7  1 1 5 4 8 5 . 4  
T o t a l  2 9 5  
- - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

a S AS GLM T ype I I I  s um o f  s quare s .  
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Tab l e  2 1  - Leas t - s quar e s  anal ys i s  o f  var i anc e for  
i n - home s t e ak s tudy s en s o ry eva lua t i on - t e nde rne s s  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S ourc e df  s s a  F Pro b .  

Rep ( R )  9 2 0 . 1 7 1 . 0 0 0 . 4 4 2 2 
T r e a tment  ( T )  3 4 7 0 . 5 8 2 3 . 1 6 0 . 0 0 0 1  

I n t ac t  V S  
Comm i nu t ed 1 4 3 4 . 3 8 6 4 . 1 3 · 0 . 0 0 0 1  

RER vs SRV 1 9 . 5 1 1 .  4 0  0 . 2 4 6 3  
NaCl / P04 v s  Alg /Ca 1 2 5 . 6 9 3 .. 7 9  0 . 0 6 1 9 

R X T 2 7  1 8 2 . 8 8 3 . 0 1  0 . 00 0 1  
S ex ( s ) 1 1 . 2 0 0 . 5 3 0 . 4 6 6 3  
Age ( A )  4 0 . 1 2 0 . 0 4 0 . 8 4 9 3  
R X A 9 2 7 . 6 9 1 . 3 7 0 . 1 9 9 4  
D e g r e e  o f  done.ne s s  1 1 2 . 4 1 5 . 5 1  0 . 0 1 9 1  
Re s i du a l  8 0 7  1 8 1 7 . 6 2 
To ta l 8 5 8  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - -

• SAS GLM T ype I I I  s um o f  s quare s .  

Tab l e  2 2  - Leas t - s quares ana l ys i s  o f  var i an c e- for  
i n - home s t e ak· s t udy s en so �y evalua t i �n ·· - j u i c i ne s s  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - � - - - - - - - - - � - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - -

S ou r c e  d f  

R e p  ( R )  9 
Treatmen t  ( T )  3 

I ntac t vs  
C omminut ed 1 

RER v s  SRV 1 
NaC l /P04 v s  Al g / Ca 1 

R X T 2 1  
S ex ( S )  1 
Age ( A )  1 
R x A 9 
D e g r e e  o f  donene s s  1 
Re s i d�a i · 8 0 5  
To ta l 8 5 6  

s s a  

2 6 . 6 8 
1 0 . 1 8  

4 . 5 5 
1 . 7 7 
3 . 9 4 

5 9 . 9 6 
0 . 2 2 
1 . 4 1 

2 3 . 0 6 
4 2 . 6 0 

1 5 5 6 . 6 8 

F 

1 . 5 3 
1 . 5 3 

2 . 0 5 
0 . 8 0 
1 . 7 8 
1 . 1 5 
0 . 1 2 
o . . 5 5  
1 . 3 3 

2 2 · .  0 3  

Pro b .  

0 . 1 3 1 9  
0 . 2 2 9 7  

0 . 1 6 3 9  
0 . 3 7 9 3  
0 . 1 9 3 8  
0 . 2 7 5 5  
0 . 7 3 4 2  
0 . 4 7 6 5  
0 . 2 1 9 6  
0 . 0 0 0 1 

- - � - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
• S AS GLM T yp� I I I  s um of  squar e s . 
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T ab l e  2 3  - L e a s t - s quares anal ys i s  o f  var i ance f o r  
i n -home s t ea k  s t udy s en s ory evaluat i on - f lavo r  

- - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
S ou rc e d f  s s a  F Prob . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Rep ( R )  9 1 9 . 7 3 0 . 9 0 
Treatmen t  ( T )  3 3 4 . 0 5 2 . 0 3 

I n t a c t  v s  
C omm i nu t ed 1 3 1 . 9 8 5 . 7 1 

RER v s  SRV 1 1 . 4 3 0 . 2 6 
NaC l /P04 V S  A l g / Ca 1 0 . 6 6 0 . 1 2  

R X T 2 7  1 5 1 . 3 1 2 . 2 9 
S e x  ( s ) 1 0 . 2 2 0 . 0 9 
Ag e ( A ) 1 1 . 4 1 0 . 5 8 
R X A 9 2 8 . 6 0 1 . 3 0 
D e g r e e  o f  donene s s  1 0 . 6 0  0 . 2 5 
Re s i dua l 8 0 5  1 9 6 6 . 86 
To t a l  8 5 6  

• S AS GLM T ype I I I  s um o f  square s . 

Tab l e  2 4  - L e a s t - s quare s  anal ys i s  o f  var i ance f o r  
i n -home  s t e ak s tudy s en s ory eva l ua t i on - overa l l 

0 .  5 2 7 0  
0 . 1 3 4 0  

0 . 0 2 4 2  
0 . 6 1 7 5  
0 . 7 3 3 9  
0 . 0 0 0 2  
0 . 7 6 5 1  
0 . 4 4 7 2  
0 . 2 3 2 6  
0 . 6 1 9 8  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - � - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - � � - - - - - - - - - � - - - - - - - - � � - - - - - - - - -
S ou r c e  d f  s s a  . . . - . -

F Prob . 
- - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - -

Rep ( R )  9 2 8 . 6 4 1 � 3 0 0 . 2 3 5 4  
Treatment c r >  3 0 . 7 0 o . . 2 1  0 . 6 5 9 5  

I n tac t vs 
C omm inut e d  1 0 . 0 3 0 . 0 1 0 . 9 2 9 5  

RER vs S RV 1 0 . 0 1 o . o o 0 . 9 6 6 4  
NaC l / PO.t · vs A l g / Ca . 1 0 . 0 1 0 . 0 0 0 . 9 6 2 6  

R x T 2 7  1 1 6 . . 7 2  1 . 7 6 0 . 0 1 0 3 
S ex ( s ) 1 1 . 4 1  0 . 5 7 0 . 4 4 9 5  
Age ( A )  1 0 . 7 0 0 . 2 1 · 0 . 6 5 9 5  
R x A 9 3 0 . 2 2 1 . 3 7 0 . 1 9 9 2  
D e g r e e  o f  donenes s 1 0 . 0 8 0 . 0 3  0 . 8 6 0 1  
Res idu a l  8 0 6  
T o t a l  8 5 7  
- - - � - - - � - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - -

• SAS GLM Type I I I  s u m  o f  squares . 
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