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:ution r^a l l J Precooked  f r o z e n  meat products  are  f i n d in g  in c r e a s in g  use both  on the i n s t i -  
tha t1™'“ 1'1 Consumer raark e t s .  For  f r i e d  meats, a p r e -b ro m e d  product may be p r e f e r a b l e  

m icrowave ovens and c o n vec t ion  ovens may be used f o r  the r e h e a t in g  s tep .
So

Th. °b j e
( : ^ iVe ° f r  s t ^dy was to  determ ine the in f lu e n c e  on f i n a l  product q u a l i t y  and 

V  s l i - * !  £ r ®h e a t ln S to  com plete  doneness ) ’from the d eg re e  o f  pan f r y i n g  p r i o r  to  f r e e z in g  
i reaSin g ecomn^ t °  15 T  thlCknie s s > sensory  q u a l i t y  and y i e l d  g r a d u a l ly  d ec reased  w ith  in -  
0 cen t® ° m p le te " ess ° f  P re cook in g  the p re trea tm en t  c o n d i t io n s  used b e in g  raw and f r y i n g  

^ t i e * ^ . .emPe r a t a r f  +10 , and +70 C. Th is  was true  a ls o  f o r  10 mm th ic k  meai
qua i i t v  u rega rd  to  y i e l d .  However, l i g h t  c ru s t  browning was p r e f e r r e d  f o r  sensorv  

y both o v e r  raw and c o m p le te ly  precooked p roducts .  y

^ r °Ugh are  b e l i e v e d  to be the combined in f lu e n c e  o f  c a t a l y t i c  f a t  o x id a t io n
f ^ e l  de" ^ tu ra ted  hem o-pro te ins  and an a n t i o x id a t i v e  e f f e c t  from m a i l l a r d  substances 

z the su r fa ce  c ru s t  o f  the meat p a t t i e s  du r ing  p r e f r y in g .
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■6lS Pr-o0 s c o n g e l é s , à base de v i a n d e , p r é - c u i t s  à l ' é c h e l l e  i n d u s t r i e l l e ,  sont de p lus  en
Sj Projj^.13®8 sur l e s  marchés des i n s t i t u t i o n s  e t  dés consommateurs. Quant aux v iandes  f r i t e s ,  

P ré -b ru n i  peut ê t r e  p r é f é r a b l e ,  s i  b ien  que l e s  fou rs  à m icro-ondes e t  ceux 
ion  peuvent ê t r e  employés pour l a  phase du r é c h a u f fa g e .

c t i f<Ju°bj6>_L
et  de n o t r e  étude a é t é  de d é te rm in er  l ' i n f l u e n c e  sur l a  q u a l i t é  f i n a l e  du pro 

cji degi'£S')r  be ren(i ement (ap rès  r é c h a u f fa g e  dans l e  but d 'a c h e v e r  l a  cu is son )  à p a r t i r  
^Pe * e f r i t u r e  à l a  po ê le  avant l a  c o n g é la t i o n .  Pour ce qu i e s t  du boeu f tranché ,11.

«t,
^  u v'uiA6c-La ut: 4U 1 c o l  u. u. ü ü c u i  irdncne ,

4Vec 1f * eur de mm, l a  q u a l i t é  s e n s o r i e l l e  e t  l e  rendement ont diminué g r a d u e l l e —
1 ci-q  ̂ l 'a c c o m p l is s em en t  de l a  p r é - c u is s o n .  Les m od a l i té s  p r é p a r a t o i r e s  u t i l i s é e s  ont 

f r i r e  ju squ 'aux  températures  du c en t re  de +10°C, de +Îk)°C e t  de +70°C. Cec i-- u u U_L CO C.LI UC11LJLC U.C t  IG
éga lem ent aux s teaks  hachés d 'une ép a is s eu r  de 

• l a
10 mm quant au rendement.

qUe ’ Cuisson donnant une p e t i t e  c roû te  a é t é  p r é f é r a b l e  pour l a  q u a l i t é  organo- 
’ au ss i  b ien  aux p rod u its  c ru s ,  qu 'a  ceux en t iè rem en t p r é - c u i t s .

*'»b^ÿ'tiQ,la t*'ons v ra is e m b la b le s  p a ra is s e n t  ê t r e  l e s  in f lu e n c e s  combinées d 'o x y d a t io n  
1üsStatlCg e Par des h ém o-pro té ines  dénaturées  e t  un e f f e t  a n t i - o x y d a t i f  provenant des 

st 6a, S G a i l l a r d ,  formées au cours de l a  p r é - f r i t u r e  sur l a  su r fa ce  de l a  c roû te  
s haché s •
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I n d u s t r i e l l  v o rg eb ra ten e  F le is ch p rod u k te  f in d en  s te ig e n d e  Verwendung in  G rossve rp f legu n g  
und Hausha lt .  Für geb ra tenes  F l e i s c h  könnte e in  vo rgeb räun tes  E rzeugn is  v o r zu z ieh en  se in  
um d ie  Anwendung von M ik ro w e l len ö fen  und K on vek t ion sö fen  fü r  das Wiedererwärmen m ög l ic  
zu machen•

Z i e l  der Untersuchung war, den E in f lu s s  des Bratens v o r  dem G e f r i e r e r e n  au f d i e  Q u a l i tä t  
des f e r t i g e n  E rzeu gn isses  und d ie  Ausbeute (nach Wiedererwärmung zu f e r t i g e r  Zubereitung 
zu bestimmen. Für F le is c h s c h e ib e n  von 15 mm Dicke nimmt d ie  s en so r is ch e  Q u a l i t ä t  und d i  
Ausbeute m it s te igendem  Grad des V orb ra tens  k o n t in u i e r l i c h  ab. Die Vorbehandlung war ro 
oder Braten b is  zu Zentrumtemperaturen von +10°,  + k 0 °  und +70°C. D asse lbe  R e s u l ta t  wur 
h in s i c h t l i c h  der  Ausbeute auch fü r  10 mm d ick e  Hamburger e rh a l t e n .  Jedoch wurde b e i  den 
sensor ischen ' Qualitätsmessungen l e i c h t e  Oberflächenbräunung sowohl über rohe a l s  auch 
f e r t i g v o r b e r e i t e t e  E rzeu gn isse  v o rg e zo g en .  D ies kann m ög l ich e rw e is e  m it dem E in f lu s s  v 
durch d e n a tu r i e r t e  Hämoproteine k a t a l y s i e r t e r  F e t t o x y d a t io n  und einem a n t io x y d a t iv e n  
E f f e k t  vom M a i l la rd -S u b s ta n z e n , d ie  während des Vorbräunen au f  de r  O b er f lä ch e  der Ham- 
bu rger  g e b i l d e t  werden, e r k l ä r t  werden.

B/IHHHUE CTEflEHH 5/lAHLllHPClBAHHfl HA HAMECTBO MOPOWEHOH fOBHflHHbl B ROHTHHAX H ’’flATTkl"

MATHyC ÄETEPCHyr, BAPBPy HAPRCTPEM M HH/lbC BEHTTCCDH 

SIK - ÜJBeflCKMM nMLitsBOm MHCTMTyT, T e T e ö o p r ,  LUBepMH

ripoMbim/ieHHafl 6/iaHUJnpoBKa nopomeHbix mrchwx npoflynTOB noaBonneT pacujupn 
AyHTOB B noTpefime/ibCHOM cbtm h Ha npeflnpHHTMRx o öli ŝ c tb s h h o t o  nmaHHH 
npeflnoHTMTembHo umeTb npeflBapnTe/ibHO oßmapeHbm npoflyRT, hto no3BO/inT 
noflnrpBBa nenn YBY h k oh bbkpmohhub  nenn.

Tb pbIHOK 3TMX Hp°
. ripki wapKe Mfica
HCnO/lb30BaTb fl-nfl

ripeflMe 
flyKTa 
nspßfl 
B bl X ü fl 
oöpaöo
flßkICTB 
H3H0 , 
Hneri /i

t Haujero m 3 y h b h m r c o c t o r /i b onpefl  
/ncc/ie BTopMHHoro nof lorpeBa flo no 
aaMopawnBaHnen. J\nt\ roBRflMHbi b /iü 
nodeneHHO noHMwa/incb c y b b/i n h b h m 
tkh : cbipoe mrco m oöwapMBaHMe flo
HTB/lbHO TaKWe B O T H OLUB H M M BbIXDfla 
HTO C TOHKkl 3 p6 H H R flBryCTaUMOHHblX 
BTKOkl KOpHH HaK Ha CbipblX, TaK kl H

e/lGHHk B/1MRHMR Ha H3 H BCT BO H BbIXOfl TO 
/IHOkI npOWapKH/ CTBnBHkl OÖWapkIBaHHR Ha 
MTHKaX TOmflMHOM 15 NN flB l~ y C T a U H O H H bIB 
BM CTBnBHH 6/iaHLDkipOBKM yO/lOBMR npBflB 
TsnnBpaTyp b uEHTps +10° ,  +40° h +70° 
fl /| R " n a T T H ” T O /llflM H O kl 10 MM. C/lBflyBT 3 

CBOHCTB npBflnOHTHTB/lbHO OÖWapHBaHHB 
a no/iHOCTbio 6/iaHiuMpoBaHHbix npof lyKTax.

TOBoro np ° ‘ 
npoTHBHe 

KaHBCTBa ^
apHTB/lbHOkl
. 3 to
aNBTHTb OA 
c no/iyne-

BspORTHblM OÖTdR CH BHHBN 3T 
H B C HO r O WMpa / H Bp B 3 flBHa 
3blBaBMOrO OÖpaSOBaHMBN H 
oöwapkt BaHMR .

o r o ,  OHSBMflHO, HB/lHeTCH COBHBCTHOB B/1HBHMB 0HMCB8HMB HaTa/lHTH^ 
TypnpoBaHHWß reMonpoTBMHbi/ h npoTMBOKMC/iMTembHoro 3it>it)eHTa, Sri 
a nQBepxHocTH kopkh  mrchwx "naTTw” b npouecce  npeflsapHTe/ibHO
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I ntroduction
In
ss'r Weden> the use o f  i n d u s t r i a l l y  precooked and f r o z e n  foods  i s  in c r e a s in g  both  in  c a t e r in g  
koth1068 ^nd in  the home’ For f r i e d  meats, a prebrowned product i s  o f t e n  p r e f e r a b l e  because 
find con ve c t io n  ovens and microwave ovens may then be used f o r  r e c o n s t i t u t i o n  or  r e h e a t in g ,  
the because r e h e a t in g  may be l im i t e d  to thawing or h e a t in g  to  e a t in g  temperature o n ly .  On 
b l6 ° th er  hand, prebrowning p r i o r  to f r e e z i n g ,  f r o z e n  s to ra g e  and r e h e a t in g  may in v o lv e  p ro -  
f a t . S b° th  w ith  r e ga rd  to y i e l d  and to s en so ry ’ q u a l i t y  because o f  the r ep ea ted  h e a t in g  ope- 

l 0n.and the e f f e c t s  on product s t a b i l i t y  tha t  pre-browning may cause.
For p
ihg t,ro zen  m ea ts , whether raw o r  precooked , f a t  o x id a t io n  and r a n c id i t y  i s  o f t e n  the l im i  
b^®6't a c t ° r  in  s to r a g e .  According- to  Taone l i l d ' i T ) .  the molar a o f  1 Vfl 'H rm o r o r  rr-. 7-or in  s to r a g e .  A cco rd in g  to  Tappe l (1 9 5 3 ) ,  the molar a c t i v a t i o n  energy  f o r  hemoglo-
Par t i Cata lyZed  f a t  o x id a t io n  i s  on ly  3 .3  k c a l  compared to  15-20 k ca l  f o r  common a u to x id a t io n .  
l% a Cu lar l y  denatu ra ted  hemoproteins appear to  have a s t ron g  c a t a l y t i c  e f f e c t  (T a r la d g is  

E r iksson  e t  a i.  1971 and Ledward, 1971 ) • For th is  reason  precooked meat products  w i l l  
Zip reduced s ta h i l i t y  (Tounathan and W atts ,  1959, Chang e t  a i ,  1961 ) .  On the o th e r  hand, 
(70-8n°e i: aI * (196l )found that heat  treatm ent to  h igh e r  c en t re  temperatures than n o rm a lly  used 
( 197-V c ) r e s u l t e d  in  improved s t a b i l i t y  a ga in s t  f a t  o x yd a t ion .  A cco rd in g  to Sato e t  a l  
in the browning r e a c t i o n  products  found dur ing  heat trea tm ent have even shown an i n h i b i t -

5 e f f e c t  on f a t  o x id a t io n .
Ip a
degr e Prellm;Lnary  i n v e s t i g a t i o n  w ith  s l i c e d  b e e f ,  Jakobsson (1972) compared th ree  d i f f e r e n t  
hat ioeS ° f  Pre co o k in g by  Pan f r y i n g  (c o r r e sp on d in g  to r a r e ,  medium and w e l l  done) in  combi- 
6<iUainHW:Lth ^ m°u th s ' f r o z e n  s to ra g e  and r e h e a t in g  by pan f r y i n g  to  e a t in g  temperature and Of pr d°neness .  He found b e t t e r  sensory  sco res  and h igh er  t o t a l  y i e l d  f o r  the low es t  degree  
k-*-6he rowni n g . Temperature- and m ois ture  p r o f i l e s  determ ined during  r e h e a t in g  demonstrated 
Of prr  temperature and low e r  m ois ture  con ten t in  the su r fa c e  la y e r s  w ith  in c rea sed  degree  
Jak°bs r ° w n ing- The obJe c t i v e  o f  the p resen t  study was to  t r y  and con f irm  the f in d in g s  o f

s ° n an(i  to  extend the study to  in c lu d e  both  s l i c e d  b e e f  and hamburgers f o r  th ree  d i f f e -  
ag rees  o f  p re cook in g ,  us ing  raw, f r o z e n  meat as a r e f e r e n c e .

^TE;HlALS AND METHODS5aw
-^m ate r ia l

ae exPe riraents w ith  s l i c e d  b e e f ,  both  LD muscles from s i x  2 -yea r  o ld  s t e e r s  o f  Swedish 
72 breed were used. Fat con ten t in  the muscles v a r i e d  from 1 to 5% and w ater  con ten t from 

77$. A f t e r  a ge in g  f o r  2 weeks a t  +3°C, the muscles were d i s s e c t e d  and cut in to  
hefjj 611 U  mm s l i c e s  each , which were a l l o c a t e d  to  the d i f f e r e n t  exper im en ta l  v a r ia b le s  and 

°ds o f  a n a ly s is  in  a sy s tem a t ic  manner Hamburgers were made to the f o l l o w in g  r e c i p e :

r 1*0$
39$
1.9$

s rk
kat6b Crumba 3$

15$
!S, s a l t  1. 1$
Were formed to  10 mm th ick n es s ,  w i th  a r e s u l t i n g  w a ter  con ten t  o f  63$ and f a t  con ten t  o f

AIl
V&8 Samples were s to r e d  f r o z e n  a t -40 C f o r  a shor t  p e r io d  o f  time u n t i l  prebrowning, which

^Q-de a f t e r  thawing a t  +5°C. 

a t  ment and s to ra g e

2̂ _p r e c o o k ing was made in  margarine on a c a r e f u l l y  therm ostated  f r y i n g  t a b l e ,  us ing  
§ ive ° ^ l o v in g  temperature s e t t i n g  and f r y i n g  times (based  on p r e l im in a ry  exper im en ts )  to 

ha d e s i r e d  d eg rees  o f  p recook in g .
*hle 1 • F r y in g  times (5^°/° each s i d e ) and temperature s e t t in g s  used f o r  p recook ing

Centre  temperature Pan temperature F r y in g  t im e , minutes
°C °C S l i c e d  b e e f  Hamburgers

Ih.

195
180
180

^ § h e Î eatments correspond  to " s u r fa c e  browning ’ r a r e "  and "w e l l  d one" ,  r e s p e c t i v e l y .  A
i r  Pan temperature was used f o r  the low es t  degree  o f  p recook ing  in  o rd e r  to reach a 
r * b l €Le c o l o r  w h i le  m a in ta in in g  a low c en tre  temperature.
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A l l  samples were b la s t  f r o z e n  a t  -35 °C , packed in  pouches o f  N v lo n -p o lv e th v le n e  lam ina te  and 
s to r e d  a t  -2Q°C. Samples were taken out and thawed a t  +5 C p r i o r  to f i n i s h  cook ing  a f t e r  
week and 3 months' o f  f r o z e n  s to ra g e .

Temperature s e t t in g s  and times f o r  f i n i s h  cook ing  pan prT i n& are  g iv e n  in  ta b le  2. For 
two h ig h e s t  d eg rees  o f  p re cook in g ,  f i n i s h  cook ing  was made a t  a low er  temperature s e t t i n g   ̂
in  o rder to g e t  v e r y  n e a r ly  the same degree  o f  c ru s t  c o l o r  f o r  a l l  samples. To a vo id  s e r i ° a  ̂
o v e rcook in g  o f  the f u l l y  precooked v a r i a b l e ,  th is  was reh ea ted  to  a f i n a l  c en t re  temperatur 
o f  +60°C on ly .

Tab le  2. F r y in g  times (50 °/i each s i d e )  and temperature s e t t i n g s  used f o r  f i n i s h  cook ing

Degree o f  Pan temperature F in a l  c en t re  F in is h  f r y i n g  t im e , minutes 
p recook in g  °C temp. °C S l i c e d  b e e f  Hamburgers

U n trea ted
(raw ) 180 +70 8 6
su r fa ce  browned 180 +70 8 6
ra re 150 +70 6 8
w e l l  done 150 +60 5 7

Water con ten t  was determ ined from w e igh t  l o s s  on f r e e z e  d eh yd ra t io n ,  and f a t  con ten t  by 
e th e r  e x t r a c t i o n  by the SBR method.

TBA-a n a ly s i s  was made a c co rd in g  to T a r la d g is  e t  a l . ( i 960) ,  e x p re s s in g  TBA-value as ex t in C '  
t io n  a t  530 nm/l000g f a t .

f  fSensory a n a ly s is  was c a r r i e d  out u s in g  a 9 -d eg ree  r a t in g  s c a le  f o r  appearance, f l a v o r ,  ox 
f l a v o r ,  ju i c in e s s  and tenderness ( f o r  hamburgers t e x tu r e )  and a f i v e  member t r a in e d  labors  
t o r y  p an e l .  The r a t in g  s c a le  ranged from ex trem e ly  good , s t r o n g ,  j u i c y ,  tender  ( s o f t )  to 
ex t rem e ly  bad, none ( o f f  f l a v o r ) ,  e x t r em e ly  d r y ,  s o l i d .

Samples were judged im m ed ia te ly  a f t e r  f i n i s h  cook ing  and a f t e r  warm h o ld in g  a t  +75°C in  
c lo s ed  aluminium tra ys  f o r  2 h r s , c o rrespond ing  to the common range o f  h an d l in g  o ccu rr in g  
in  c a t e r in g  es tab l ish m en ts .

RESULTS

The p r e l im in a r y  e v a lu a t io n s  a f t e r  1 week o f  f r o z e n  s to ra g e  (see  f i g .  1) showed an advant^ 6 
in  most sensory  p r o p e r t i e s  f o r  hamburgers s to r e d  raw or o n ly  su r fa ce  browned. The h ighes t  
TBA-value was ob ta in ed  f o r  the f u l l y  precooked v a r i a b l e ,  but no c l e a r  c o r r e l a t i o n  was ob­
s e rved  between TBA-value and o f f - f l a v o r  sco re  ( s e e  t a b le  3 ) .

For s l i c e d  b e e f , appearance was r a te d  the low es t  f o r  the r e f e r e n c e  ( s t o r e d  r a w ) ,  w h i le  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were noted between the d i f f e r e n t  d eg rees  o f  p re trea^  
ment in  o th e r  sensory  p r o p e r t i e s .  The l o w e s t  TBA-value and o f f  f l a v o r  sco re  were noted  
the " raw ” sample, w h i le  the f u l l y  precooked one was the h ig h e s t  in  these  r e s p e c t s  ( t a b l e

The main e v a lu a t i o n s , made a f t e r  3 m on th s 'o f  f r o z e n  s t o r a g e ,  gave  the f o l l o w in g  r e s u l t s !

S l i c e d  b e e f

R esu lts  from the sensory  e va lu a t io n s  a re  g iv e n  in  f i g .  1 to g e th e r  w ith  LSD-values (L ea s t  ^  
S i g n i f i c a n t  D i f f e r e n c e ) a t  the 0.03 l e v e l  as determ ined  by a n a ly s is  o f  v a r ia n c e .  S i g n i i '1 
d i f f e r e n c e s  were ob ta in ed  in  a l l  sensory  p r o p e r t i e s  excep t  appearance. A f t e r  r e h e a t in g  
r e c o n s t i t u t i o n  to the same degree  o f  f i n a l  done-ness ,  the "raw " r e f e r e n c e  r a t e d  b e t t e r  t 
f u l l y  precooked both w i th  r e ga rd  to f l a v o r ,  ju i c in e s s  and tenderness .  For tenderness i t  
s i g n i f i c a n t l y  b e t t e r  than the " s u r fa c e  browned" and " r a r e "  as w e l l .  Except f o r  appearand ^  
a c l e a r  trend  i s  seen in  the d i r e c t i o n  o f  d e c rea s in g  sensory  q u a l i t y  w ith  in c r e a s in g  deg 
o f  p recook in g .

l i t ?
Two hours o f  warm h o ld in g  a f t e r  r e h e a t in g  r e s u l t e d  in  s i g n i f i c a n t l y  reduced sensory  qua-*- 
and a l e v e l i n g  out o f  d i f f e r e n c e s  w i th  r e ga rd  to p re t r e a tm e n t .

Weight l o s s  from the d i f f e r e n t  trea tm en t s teps  a re  g i v e n  in  ta b le  4. Of p a r t i c u l a r  i n t e f f ^ ,  
a re  the accumulated l o s s e s  b e fo r e  warm h o ld in g  and the lo s s e s  o c c u r r in g  du r ing  warm hoi 
The fo rm er  in c rea s e  and the l a t e r  d ec rease  w i th  in c r e a s in g  degree  o f  p re cook in g .

TBA-values and o f f  f l a v o r  s co res  are  l i s t e d  in  ta b le  
was observed .  With warm h o ld in g  o f f  f l a v o r  in c rea sed  
TBA-value was ob ta in ed  f o r  the "raw " v a r i a b l e .

3. No c l e a r  c o r r e l a t i o n  between 
w h i le  TBA-value d ec rea sed .  The

Hamburgers

R esu lts  from sensory  e va lu a t io n s  a re  g i v e n  in  f i g .  2 w ith  LSD-values a t  the 0.03 l e v e l  0
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^ S n i f i c a n c e . S i g n i f i c a n t  d i f f e r e n c e s  were ob ta ined  in  a l l  sensory  q u a l i t y  a s p e c ts .  The 
Surface browned" v a r i a b l e  was judged b e t t e r  than "raw" in  appearance, f l a v o r  and o f f  f l a v o r ,  
d b e t t e r  than " w e l l  done" f o r  f l a v o r ,  o f f  f l a v o r ,  ju i c in e s s  and t e x tu r e .  A ls o  f o r  the 

,, erm ed iate  degree  o f  p recook ing  an advantage in  f l a v o r  was ob ta in ed  o ve r  the "raw " and 
WeH  done" v a r i a b l e s .  The "raw" v a r i a b l e  was j u i c i e r  than the " w e l l  done" and had a s o f t e r  
r  l o o s e r  t e x tu r e .

f o r  s l i c e d  b e e f ,  warm h o ld in g  f o r  2 hrs s i g n i f i c a n t l y  reduced sensory  q u a l i t y  and tended 
l e v e l  out d i f f e r e n c e s  between p recook ing  v a r i a b l e s  so tha t  s i g n i f i c a n t  d i f f e r e n c e  on ly  

mained  in  appearance.
V© ■
-̂-¿gh t  l o s s  data  are  l i s t e d  in  ta b le  4. Accumulated w e igh t  lo s s  in c r e a s e s  w ith  the degree  

t P recook in g ,  and l o s s e s  during  warm h o ld in g  show the r e v e r s e d  trend .  The d i f f e r e n c e s  ob- 
ained in  y i e l d  are  due to d i f f e r e n c e s  in  w ater  lo s s  and not in  f a t  c o n ten t .

^ - ¿ va lu es  are  l i s t e d  in  ta b le  3 to g e th e r  w ith  o f f  f l a v o r  s c o r e s .  The h ig h e s t  TBA-value was 
ained f o r  the "raw" p re trea tm en t  v a r i a b l e .  The lo w es t  TBA-values and o f f  f l a v o r  sco res  

f  1r’e Obtained f o r  the two low er  degrees  o f  p recook in g .  Warm h o ld in g  f o r  2 hrs in c rea s ed  o f f  
av° r  and r a i s e d  TBA-va lues .

Dis c u s s io n s  and c o n clu sio n s

l leat; '-ng exper im ents  pan f r y i n g  was used throughout, both  f o r  prebrowning and f o r  
e a t in g ,  s in c e  the o b j e c t i v e  was to in v e s t i g a t e  the in f lu e n c e  o f  d eg ree  o f  p re cook in g  on 

na-l q u a l i t y  a f t e r  f i n i s h  cook in g ,  w ith  as few a d d i t i o n a l  v a r i a b l e s  as p o s s ib l e .
J\
j'?1' s l i c e d  b e e f  sensory  q u a l i t y , a f t e r  f r o z e n  s to ra g e  and r e h e a t in g  to the same degree  o f

doneness, d ecreased  w ith  in c r e a s in g  degree  o f  p recook in g .  Th is i s  p a r t l y  e x p la in ed  by 
iiiri’ ^ r e a s i n g  t o t a l  m o is tu re  l o s s  which may be expec ted  to in f lu e n c e  ju i c in e s s  and, perhaps 

■̂■rec t l y ,  tenderness and f l a v o r  s c o te ,  However, the f a c t  tha t  f l a v o r  s co res  d ec rea se  and 
f l a v o r  sco res  in c r e a s e  w ith  in c r e a s in g  degree  o f  p recook ing  on ly  a f t e r  f r o z e n  s t o r a g e ,

^ he taken as an in d i c a t i o n  o f  c a ta ly z e d  o x id a t io n  through dena tu ra ted  hem oprote ins  , in
_ — . »

e^ment w i th  the f in d in g s  by o thers  p r e v io u s ly  c i t e d ,  even i f  our TBA-values do not g i v e  
° l e a r c u t  support.  Raw f r o z e n  s to ra g e  r e s u l t e d  in  the b es t  sensory  q u a l i t y  but a h igh e r  

~'v3-lue , f o r  which we have no ready  ex p la n a t io n .

s° r  the hamburgers a g e n e ra l  sensory  advantage f o r  "raw " and "su r fa c e  browned" a f t e r  1 week ' 
° r age turned in to  an advantage f o r  a low degree  o f  p recook ing  o ve r  both  "raw" and f u l l y  

tJ'e°ooked samples a f t e r  3 month's s t o r a g e .  Both TBA-values and o f f  f l a v o r  sco res  were then 
 ̂ a low es t  f o r  the two low degrees  o f  p recook in g .  For the hamburgers, w ith  ca rbohydra tes  

ded to  the r e c i p e ,  c o n s id e ra b ly  s t r o n g e r  f r y in g  c ru s t  and c o l o r  was ob ta in ed  as a r e s u l t  
ma i l l a r d  r e a c t io n s  between p r o t e in s  and ca rbohydra tes .  A ccord ing  to Sato e t  a l . ( l 9 7 3 )  and 

tyi ebs ,  browning r e a c t i o n  products may have a s t ron g  a n t i o x id a t i v e  e f f e c t .  Th is may e x p la in  
h igh e r  f l a v o r  sco res  were ob ta in ed  f o r  the low er  degrees  o f  prebrowning and not f o r  the 

t av" sample. The a n t i o x id a t i v e  e f f e c t  o f  m a i l la rd  r e a c t i o n  products would then be assumed 
more than cou n te ra c t  the c a t a l y z in g  e f f e c t  from denatu ra ted  hemoprote ins f o r  p a r t i a l l y  

led  samples, but not f o r  the f u l l y  precooked one. For ju i c in e s s  and te x tu r e  no such " o p t i -n>Utn<i
titne

'or

was found, and sco res  drop g r a d u a l ly  w ith  in c r e a s in g  degree  o f  p recook in g  a t  the same 
as the accumulated t o t a l  w e igh t  l o s s  in creases

s l i c e d  b e e f  as w e l l  as f o r  hamburgers warm h o ld in g  a f t e r  r e c o n s t i t u t i o n  le a d  to s i g n i f i -  
i ^ i l y  low ered  sensory  q u a l i t y  and low er  y i e l d .  A t the same time warm h o ld in g  tended to 

eI  out d i f f e r e n c e s  between the p re trea tm en t v a r i a b l e s .
It

may be concluded from our i n v e s t i g a t i o n  that s l i c e d  b e e f  should p r e f e r a b l y  be f r o z e n  
Pr©+ed raw and not in  the p r e - f r i e d  c o n d i t io n .  I f  a prebrowned product i s  r e q u i r e d ,  the 
■Urn • eatrnent shou ld  be l i g h t .  For a minced hamburger r e c ip e  (w i th  added c a rb o h y d ra te s ) ,  
j i l t e d  su r fa c e  browning i s  to  be p r e f e r r e d  over  both raw and more complete p recook ing  f o r  
to f eri s t o r a g e .  Warm h o ld in g  a f t e r  r e h e a t in g  should be kep t  as short  as p o s s ib le  so as not 

° ° s e  the advantage ga ined  by p roper  p r e t r e a tm e n t .
t i
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Tab le  3 TBA-values and o f f - f l a v o r  s c o r e s

f o r  s l i c e d  b e e f  and hamburgers precooked to  d i f f e r e n t  c en tre  t em p era tu res , 
a f t e r  f r o z e n  s to ra g e  and r e c o n s t i t u t i o n .

Degree o f  p recook in g  

Raw +10°C +40°C +70°C

ri week TBA 70.3 76.6 75.0 85.9

|
O f f  f l a v o r 1.9 2.6 2.4 2.4

SLICED BEEF {13 months 101 .6 69.5 77.3 57.8

II
1.3 1.6 2.1 2.9

I 3 months 2 hrs warm h o ld in g 50.0 5*1-9 71.3 51 .6
3.9 *i.5 3 .8 3.7

week 26.2 24.4 24.1 29.3
1.9 1.4 2.5 2.4

i  3 months 36.6 29.3 23.8 28.8
3 .0 1.5 1 .8 2 .9

HAMBURGERS I 3 months 2 hrs warm h o ld in g 43.2 34.3 33.9 45.1
V 3 .2 2.8 3 .2 3.4

Tab le  4. Weight l o s s  f o r  

SLICED BEEF

the d i f f e r e n t  trea tm en t s teps  

Raw +10°C +40°C

f o r  s l i c e d

+7 0 °c

b e e f  and 

F -va lu e

hamburgers

LSD
0.05 l e v e l

P re co o k in g ,  °/o — 3.2 14.6 24.7 189.8 1 . 10

F r e e z in g  & s to ra g e 1.4 2.4 3.4 3.8 106.2 0.15

Rehea t ing 26.3 24.6 17.8 11.7 119.1 0.87
Accumulated lo s s 27.4 28.7 32.2 36.0 23.8 1.13
Warm h o ld in g  2 h , °/o 14.8 13.4 11.8 8.0 3.3 2.27
Accumulated t o t a l ,  °/o 37.9 38.0 39.7 4o.4 7.2 O.67

HAMBURGERS

P re co o k in g ,  °/o — 3.2 15.2 27.6 4008.7 0.27
F r e e z in g  & s t o r a g e ,  °/o 1.3 1. 1 2.0 2.4 47.4 0.12

R eh ea t in g ,  % 25.7 26.2 19.8 7.0 881.7 0.42

Accumulated l o s s  , °/o 26.4 29.3 33.2 34.3 126.1 0.46

Warm h o ld in g  2 h, °/o 4.5 3 .8 1.9 1.3 18.4 0.50
Accumulated t o t a l ,  °fo 29.1 31.7 34.9 35.0 33.4 0.71
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Score

CO
£
-p
SoE
ĉ\

SO
C
•H
Ti
H
0
£
E
Ucd
>

APPEARANCE FLAVOR OFF FLAVOR JUICINESS TENDERNESS

Sensory a n a ly s is  o f  s l i c e d  b e e f ,  p recooked to  d i f f e r e n t  c en te r  temperatures 
f r o z e n  s to ra g e  and r e c o n s t i t u t i o n .  (LSD-values in  top c o rn e rs )

a f t e r




