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EFFECT OF COOKING ON CERTAIN NITROGEN FRACTIONS OF BEEF AND 
THE CHANGES OCCURRING SUBSEQUENTLY IN THESE FRACTIONS DURING ASEPTIC 
STORAGE AT 37°C.

J  • G- • Sharp f
Low Tem perature R esearch  S ta t io n ,  Cambridge, England.

I t  was shown i n  e a r l i e r  work th a t  in  the  co u rse  o f a s e p tic  a u te ly s is  
during  s to ra g e  o f raw b e e f  a t  37°C, th e re  was con tinuous p ro d u c tio n  oi novr- 
P r o te in -n itro g e n , which seemed to  be d e riv e d  m ain ly  from th e  so lu b le  
sarcop lasm ic  p ro te in s  ( l ) .  The alm ost com plete absence o f c o lla g e n  f r a c t io n s  
so lu b le  i n  0.1M KCl in d ic a te d  th a t  no m ajor a u to ly t ic  change to o k  p la c e  in  
the co n n ec tiv e  t i s s u e  f r a c t io n .

In th e  p re s e n t  work, th e  changes o ccu rrin g  i n  th e  same n itro g e n  
f r a c t io n s  o f b e e f  on cooking and du rin g  subsequen t s t e r i l e  s to ra g e  were
studied.

The p ro ced u res  g iven  i n  d e t a i l  in  th e  r e p o r t  of th e  e a r l i e r  work ( l )  
fo r  th e  p re p a ra t io n , s to ra g e  and a n a ly s is  o f samples o f  bovine lo n g is s iq u 3 
¿ o r s i . muscle were fo llo w ed  c lo s e ly ,  th e  only  major m o d if ic a tio n  b e in g  th e  
in c lu s io n  of th e  cooking s te p .  B r ie f ly ,  th e  sample was homogenised and 
e x tra c te d  in  0.1M KCl. The t r i c h o r o a c e t io  a c id  f r a c t i o n ,  th e  KCl so lu b le  
f r a c t io n  and the  in s o lu b le  re s id u e  were a n a ly se d  f o r  a l l  or some o f th e  
fo llo w in g  components — t o t a l  n itro g e n  (TN), n on —p ro te in -n i t ro g e n  J, 
ty ro s in e  and hydroxypro line  (OHP). No f r e e  OHP was found in  any o f th e  
sam ples. The quo ted  v a lu es  th e re fo re  re p re s e n t  OHP found in  th e  f r a c t io n s  
a f t e r  a c id  h y d ro ly s is .

The two degrees o f  cooking were ( a )  "m ild” c o .k , i n  which th e  samples 
were  h e ld  a t  70s f o r  15 o r 25 m inutes and (b ) " f u l l "  cook in  which th e  
samples were h e ld  a t  100° f o r  45 or 60 m in u tes . These c o n d itio n s  were 
s u f f i c i e n t  acco rd ing  to  r e c e n t  work to  cause com plete in a c t iv a t io n  o f tne  
c a th e p tio  enzymes p re s e n t  ( 2) .

The sam ples were s to re d  a s e p t i c a l ly  i n  n i tro g e n  a t  37 •

R e s u l ts .

The more im p o rtan t a n a ly t ic a l  v a lu e s  a re  g iven i n  Table 1 .



A fte r  cooking, on ly  1 -  2# o f th e  t o t a l  p r o te in  N rem ained so lu b le  
in  0.1M KC1. On m ild cooking, (sam ples N2, T l , R5, S4) th e re  were 
in c rease s  « f th e  o rd er o f  7# in  th e  n o n -p ro te in  N so lu b le  i n  t r i c h lo r o ­
a c e tic  a c id  (TCA) and a ls o  changes i n  the  c o lla g e n  f r a c t io n  which 
r e s u l te d  i n  2 -f$  o f  th e  t o t a l  OHP b e in g  p re s e n t  in  th e  f r a c t io n  so lu b le  
in  0.1M KC1.

C h a n g e s  o c c u r r i n g  o n  c o o k i n g  f r e s h  m e a t .

On f u l l y  cooking , (sam ples T3 , R7, S7), s im i la r  in c re a s e s  in  TCA- 
so lu b le  N were observed  b u t th e  OHP so lu b le  in  0.1M KCl had in c re a s e d  to  
iO — 21# o f th e  t o t a l  OHP.

The d eg rad a tio n  o f the  p ro te in s  caused  by P re s su re  cooking fo r  3 hours 
at  126» (sam ple T4) was r e f l e c t e d  in  in c re a s e s  o f 85# and 60# r e s p e c t iv e ly  
in  the  v a lu es  fo r  n o n -p ro te in  N and ty ro s in e  s o lu b le  in  TCA, and a so m  an 
in c rease  from 1 .0  to  16 .6#  in  the  p r o te in  N so lu b le  in  0. 1M KCl* 
a d d itio n , th e  c o lla g e n  had become e n t i r e ly  s o lu b le ,  a l l  th e  OHP being  
P resen t in  th e  f r a c t i o n  s o lu b le  in  0.1M CK1; 62# o f the  HP was a s°
P resen t in  th e  TCA so lu b le  f r a c t i o n .  The absence o f any d e te c ta b le  UHh in  
the in so lu b le  re s id u e  o f t h i s  sample in d ic a te d  th a t  th e  p ro p o r tio n  oi 
el a s t i n  p re s e n t  was r e l a t i v e l y  v e ry  sm a ll.

•nges o c c u rr in g  on cocking meat a f t e r  a p e r io d  o f a s p t ic  s to ra g e  
in  the  raw s t a t e  (Samples R2t R4. Q2, S2, S3)» —

The main f in d in g  in  th e se  t e s t s  was th a t  th e  s to ra g e  h is to r y  c f  the  
samples in  th e  raw s t a t e  d id  no t make any a p p re c ia b le  d if fe re n c e  ■to  th e  
o v e ra ll e f f e c t  o f cooking . Thus, on m ild cooking samples which had been 
s to re d  8, 30 and 172 days a t  37°, th e  n o n -p ro te in  N which was i n i t i a l l y  h igh  
due to  a u to ly s is  d id  n o t change, th e  p r o te in  N s o lu b le  m  0.1M KCl was 
reduced from 10#  to  about 3# o f  th e  t o t a l  a f t e r  30 days and from 4/° to  about 
0*3# a f t e r  172 days a t  37° .

The OHP so lu b le  in  0.1M KCl rem ained a t  the  low l e v e l  of 2 to  
ln  cooked f r e s h  sam ples, b u t th e re  was a su g g e s tio n  th a t  a small f r a c t io n  
co llagen  amounting to  0 .5  to  2# o f th e  t o t a l  OHP had become so lu b le  i n  TCA.

a d d it io n , th e  ty ro s in e  so lu b le  in  TCA showed in c re a s e s  from ° /n>
^0  in c re a se s  b e in g  in  in v e rse  p ro p o r tio n  t o  th e  p e rcen tag e  o f so uo e 
ty ro s in e  p re s e n t b e fo re  cooking .

On f u l l y  cooking sample S3 a f t e r  3^ days a t  37° in  th e  raw s t a t e ,  th e  
only d if f e r e n c e  from  th e  co rresp o n d in g  m ild  cooked sam ple was th e  u su a l 
in c re a se  to  about 9 .5 #  i n  th e  OHP so lu b le  in  0.1M KCl, p a r t  o f which was so 
so lu b le  in  TCA. In  a d d i t io n ,  th e re  was a f u r th e r  in c re a s e  o f  approxim ate y 

in  th e  ty ro s in e  so lu b le  in  TCA.

The c o lla g e n  in  th e  s in g le  sam ple, R4, cooked a f t e r  19 days a t  5 > 
h*d th e  same o rd e r  o f s o l u b i l i t y  in  0.1M KCl as  th e  c o lla g e n  i n  th e  samples
s to re d  a t  370.

Changes o c cu rrin g  d u rin g  a s e p t ic  s to ra g e  o f cooked meat a t  378*

During s to ra g e  o f m ild  oooked meat, (Sam ples R5, R6,  S4, s 5> S6) 
the  n o n -p ro te in  N in c re a s e d  slo w ly  from 1 1 .2  to  12 .9#  o f th e  t o t a  over
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a p e rio d  * f 97 days. The p ro p o r tio n  »f p ro te in  so lu b le  in  0.1M KCl d id  
not change, b u t rem ained a t  2 to  3^ of th e  t o t a l  N. The ty ro s in e  so u e 
in  TCA in c re a se d  by approx im ate ly  35/°»

In  the  co rresp o n d in g  f u l l y  cooked sam ples, (R7, R8> s 7 , S2 L  uhe 
in c re a se  i n  n o n -p r« te in  N was s im i la r ,  the  p ro te in  so lu b le  m  O .ill nU- 
rem ained unchanged a t  1 .1  to  1 o f  the  t o t a l  N and the  ty ro s in e  so lub  e 
in  TCA in c re a se d  by o n ly  2C%,

The most in t e r e s t i n g  o b se rv a tio n  in  th e se  t e s t s  was -bhe which
took p la ce  i n  the  s o l u b i l i t y  o f th e  c o l i a g e n  f r a o t io n .  The v a l ^ s  p i .d e r iv e d  
in  F ig u re  1 show a s tea d y  p ro d u c tio n  of f r a c t io n s  so lu b le  i n  O.BI KCl d e n v  
£i«m c o lla g e n . The v a lu es  f o r  sam ples R6 and R8 (T ab le  1) suggest 
th e re  may be an i n i t i a l  la g  p e r io d  o f 8 days o r more b e fo re  th e  c o lla g e n  
becomes in c re a s in g ly  s o lu b le .

TCA
A c e r t a in  p ro p o r tio n  of the  KCl s o lu b le  c o lla g e n  was a is o :s o lu b le  in  

amounting to  7 -7  and 1 3 .&  o f th e  t o t a l  OflP i n  the  m ild  and f u l l yamounting to  ( , (  ana *........
cooked samples r e s p e c t iv e ly  a f t e r  s to ra g e  fo r  96 days.

DISCUSSION.

The in te rm e d ia ry  s ta g e s  o f  th e  d e g ra d a tio n  o f in s o lu b le  c o lla g e n  
ln  muscle to  th e  so lu b le  d e riv e d  g e la t in  a re  not w e ll W
P resen t r e s u l t s  show th a t  on m ild cooking on ly  1 .9  to  ^*7^ 0 ,
^ecomes so lu b le  i n  0.1M KCl: on f u l l y  cooking f o r  45 to  6» m inutes 
100°, 10.9 t0 21.6$ o f the  c o lla g e n  becomes s o lu b le .  Cooking th  
3 hours a t  126° however, causes a h igh  degree of d e g ra d a tio n  o f th «3 c o lla g e n  
which becomes 100% so lu b le  in  0.1M KCl and 62% so lu b le  m  TCA.

The r e s u l t s  from the  cooking o f the  sam ples s to re d  i n  th e  raw s ta t e
are in te r e s t in g  s in c e  a f t e r  s to ra g e  f o r  3° and ^ 2  days t  e 
tr a c e s  of c o lla g e n  s o lu b le  i n  TCA i n  th e  m ild  and f u l l y  cooked samp 
in d ic a te s  th a t  th e  c o lla g e n  in  th e  s to re d  sam ples s u f f e r s  g re a te r  
d eg rad a tio n  th a n  th e  c o lla g e n  in  th e  u n s to re d  s a m p le s .  I t  may be tn -  
during s to ra g e , th e  s t r u c tu r e  becomes more s u s c e p t i b l e  to  change
cooking. The o v e ra l l  e f f e c t  o f s to ra g e  f o r  172 days a t  37 on t  
co llagen  f r a c t i o n  i s  however v e ry  sm a ll.

The o th e r in t e r e s t i n g  e f f e c t  o f s to ra g e  i n  th e  r a ^ s ta i® . 
in c re a se d  fo rm atio n  on cooking o f  ty ro s in e  s o lu b le  m  TCA. i n i s  
much g re a te r  th a n  i n  th e  u n s to re d  meat and in d ic a te s  ,,
take  p la ce  du ring  s to ra g e  which produce a g r e a te r  su fc®P 1 a ^ tv ro s in e  
P ro te in  or p e p tid e  f r a c t io n s  t o  r e le a s e  f r a c t io n s  which c o n ta in  ty ro s in e
and a re  s o lu b le  in  TCA,

v I t  i s  r e a l i s e d  t h a t  v a lu e s  f o r  ly ro s in e  o b ta in ed  by f  * ° ^ e d  f o r  
a* X  293 in  0. 2N NaOH may no t be t r u e  v a lu es  b u t shou ld  be  **£le 
the  p re s e n t r a th e r  as  " ty ro s in e  index" v a lu es  u n t i l  more re  
values a re  a v a i la b le .

When meat i s  s to re d  a s e p t io a l ly  i n  th e  cooked s t a t e ,  th e  J e s u i t s  
q u ite  d i f f e r e n t .  The ty ro s in e  so lu b le  i n  TCA shows a s ig n i f  

in c re a se  in d ic a t in g  a u to ly s is  o f p r o te in  d u rin g  s to ra g e , p a r t i c u l a r  y 
1IX th e  m ild  cooked sam ples.



The co lla g en  f r a c t io n  becomes a l t e r e d  du rin g  s to ra g e  and produces 
f r a c t io n s  no t only so lu b le  in  0.1M KC1 b u t s o lu b le  a lso  in  TCA. The 
r a te s  o f p ro d u c tio n  o f OHP so lu b le  in  0.1M KC1 in  m ild  and f u l l y  cooked 
samples over 30 days a t  37° were 2.2 and 5.0 (ig /g /day  r e s p e c t iv e ly .
A fte r s to ra g e  fo r  97 days, 22.6 and 59$  r e s p e c t iv e ly  o f the  t o t a l  OHP 
p re s e n tin  th e se  samples had become so lu b le  in  0.1M KC1. T his change i s  no t 
l ik e ly  to  be due to  enzymic a c t io n  b u t i s  most p r* b ab ly  due to  p u re ly  
p h y s ica l changes in  th e  c o lla g e n . The e f f e c t  has been  observed  by 
Gustavsen w ith  h ide  powder s to re d  a t  37° in  w ater and in  s o lu t io n s  o f 
various s a l t s  (3) .  In  4M s o lu tio n s  o f sodium or po tassium  c h lo r id e  f o r  
example, approx im ate ly  25$  o f th e  co lla g en  became so lu b le  a f t e r  s to ra g e  
fo r  120 days; G ustavsen su g g ests  th a t  t h i s  s o lu b i l i s a t i o n  i s  due to  th e  
d is ru p tio n  *f secondary  v a le n c ie s  s in c e  th e re  i s  no ev idence th a t  prim ary  
valency bonds a re  b roken .

I t  would be expected  th a t  t h i s  type o f s o lu b i l i s a t i o n  would tak e  
P lace more r e a d i ly  in  th e  th e rm al denatu red  c o lla g e n  p re se n t i n  the  
cooked meat sam ples. I t  was observed  i n  th e se  samples t h a t  the  cohesion  
° f  the  co n n ec tiv e  t i s s u e  betw een th e  f ib r e  b u n d le s , (perim ysium ) became 
weaker w ith  d u ra tio n  o f s to ra g e .
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TABLE 1 . CHAI'!GE8 HT VARIOUS FRACTIONS 0?  BOVINE MUSCLE 

(LONGISSIirjS DORSl) ON COOKING AND DURING 

SUBSEQUENT STERILE STORAGE. N VALUES AS £  TN.

i '

Animal

Q

S

1
2
3
4

1
2

3
4

1
2

1
2
3

5
6

7
8

4
5
6

7
8 
9

Storage
D ays(°C)

2 (oo) 
D itto

2 (O®) 
D it to  
D itto  
D itto

8 (37°) 
D itto

19 (5°) 
D itto

172(37°)
D itto

30 (37° )
D it to
D itto

0
8 (37°)

0
8 (37°)

0
30 (370) 
97 (37°)

0
30 (37 
97

Cooking
C ond itions

°C(Mins)

(37°)
(37°)

Raw
700(25)

70° (2 5 )  
700(65)

100° ( 60) 
126° (180)

Raw
70°(25)

Raw
70°(25) 

Raw
700(25)

Raw
70° (15)

1000(45)

700(25)
700(25)

100° ( 60) 
1000(60)

70° (15)
700(15)
70° (15)

10 0 °(45) 
100° (45) 
100°(45)

s o l .  in  
TCA 

(NPN)

T o ta l
OHP

Pg/g

fo o f t o t a l  
OHP s o l .  in  

0 .1 M KC1.

% o f  t o t a l  
ty ro s in e  

s o l .  in  TCA

10 .9 550 N il 10 .9
11 .7 550 4 .7 11 .6

12 .5 535 4 .7 -
13 .3 514 5 .3 —
13.3 500 21 .6 —
20.2 494 100 17 .5

17 .5 1110 N il 15 .7
16.3 780 3 .9 19 .0

13 .3 701 3 .3 1 3 .9

3 1 .4 735 <1 34 .9
32 .3 675 5 .9 37 .0

24 .2 790 N il 21 .0
24 .6 644 2 .9 23 .5
24.6 707 9 .5 26.8

11 .6 678 3 .4 1 0 .4
12 .3 705 4 .2 1 3 .7

11 .8 595 1 0 .9 12 .0
1 2 .4 709 10.5 1 3 .4

1 1 .2 765 1 .9 1 0 .5
12 .2 646 12.6 14 .2
1 2 .9 690 22.6 14 .2

11.6 627 11 .9 10.0
12.0 704 31.9 11 .1
12.6 670 55.0 12.0



PIG. CHANGES IN SOLUBILITY OF COLLAGEN FRACTION DURING 
STORAGE OF COOKED MEAT AT y j ° .

HEATED 15 UINS AT 70
45 1000 ------ 0

•I
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EFFECT OF COOKING ON CERTAIN NITROGEN FRACTIONS OF BEEF AND THi 
CHANGES OCCURRING SUBSEQUENTLY ON THESE FRACTIONS DURING ASEPTIC STORAGE
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SUMMARY.

On m ild  cooking samples o f b o v in e , lon g issim u s d o r s i ,  on ly  2 -5 %  
the  c o lla g e n  becomes so lu b le  in  O.lM KCl: on f u l l y  cooking fo r  6J 

®inutes a t  100° , 11  to  23% of the  c o lla g e n  becomes s o lu b le .

S te r i l e  s to ra g e  o f  meat in  th e  raw s t a t e  a t  37°C f i r  6 months does 
not a l t e r  th e  s o lu b i l i t y  o f the c o lla g e n  in  th e  cooked sam ples.

D uring s t e r i l e  s to ra g e  o f cooked m eat, however, th e re  i s  con tinuous 
non-enzymic change i n  th e  co lla g en  which produces f r a c t io n s  so lu b le  in  

*1M KCl and i n  10% t r i c h lo r o a c e t i c  a c id .

In  m ild  and f u l l y  cooked sam ples, 23 and 55% r e s p e c t iv e ly  * f 
t o t a l  c o lla g e n  were s o lu b le  i n  O.lM KCl a f t e r  s to ra g e  f o r  3 mon a C.
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viandf f ^tS vde l a  cu isso n  su r  c e r ta in e s  f r a c t io n s  a zo te e s  dans l a  
*  V e Î ? eu f e t  l e s  c h a se m e n ts  q u i se so n t p ro d u its  dans ces 

s t r a c t io n s  pendant p ré s e rv a tio n  a se p tiq u e  \  37°C.

J .G . SHARP

Bow Tem perature R esearch  S ta t io n ,  Cambridge, England.

Resume

ffiodérém a^^-^-*-ons de v iande de boeuf (lo n g iss im u s d o rs i)
0,1M Trm11 P ourcentage de co llag en  qu i d e v ie n t so lu b le  dans
p0ur.  CI  6St APr e s  ^  heu re  de cu isso n  a 100°C, ce
* u rcen tage s 'e le v e  a 11- 23̂ .

n 'a f f p a+P raS erV ation  asePt j l ue de v iande crue a  37°C pour 6 mois 
Cependant Pf S 1& ^ ^ ü i t e  du c o lla g e n  dans l e s  é c h a n ti l lo n s  c u i t s .  
P ro d u it * aanS l a  Pr e s e rv a t io n  a se p tiq u e  de v iande c u i te ,  i l  se 
f ra c tin r ,!T j co n tin u  e t  non-enzym atique, le q u e l  p ro d u it  des
l 'a c id *  + • o o ila ço n  qu i so n t s o lu b le s  dans 0,1M KC1 e t  egalem ent dans 

xae t r i c h lo r a c e t iq u e  (iV/o).

Bans l e s  e c h a n t i l
ét»Pe° ^ Ps de c o lla g en  
e ta^en t so lu b le s  dans

modérément e t  b ie n  c u i ts  l e s  pourcen tages 
ap re s  un i n t e r v a l l e  de t r o i s  mois a  37°C, 
KC1 s 'é l e v a i e n t  a 23 e t  à  35.


