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I .  INTRODUCTION.

In  th e  scope o f  round ro b in  t e s t s  c a r r ie d  o u t f o r  ISO ( I n te r n a t io n a l  Organi
z a t io n  f o r  s ta n d a rd iz a t io n )  TC p4/SC 6/WG 2 -  sam pling  and t e s t in g  methods of 
meat and meat p ro d u c ts , a  c o lla b o ra t iv e  com parative s tu d y  o f th e  fo u r  method5 
proposed by ISO has been made by th e  Group members (11, 12, 15, 14)

These methods a re  th e  fo llo w in g  :

1) Mohler K. and A ntonacopoulos N.
2) Bergman I .  and Loxley R.
5 ) Stegemann H. and S ta ld e r  K.
4) S tegem ann-S ta lder method m odified  by H uryck-G hvapil and M ohler-V olley 

The fundam entals o f  th e se  fo u r  methods a re  s'immarized hereu n d er :

! .  MOHLER K. and ANTONACOPOULOS N. : (10a, 16 )

The minced homogenized m a te r ia l  i s  hydro lyzed  by r e f lu x  b o i l in g  ( fo r  7 h) 
w ith  HC1 6N added w ith  stanneous c h lo r id e  ( I I )  ( to  avoid  th e  fo rm atio n  of 
hum ines). A f te r  n e u t r a l i z a t io n  and o x id a tio n  o f H ydroxypraline (HP) by 
Hydrogen perox ide  added w ith  Copper s u lp h a te , th e  o x id a tio n  p ro d u c t reacts 
w ith  4 -d im ethy l-am ino-benzaldehyde. The re d  c o lo u r i s  th e n  e v a lu a te d  by 
sp ec tro p h o to m etr ie  measurement a t  560 nm (ISO 15 6 )

2 . BERGMAN I .  and LOXLEY R. (7 , 10b)

H y d ro ly s is  o f  th e  t e s t  sample by r e f lu x  b o i l in g  (16 h ) w ith  HC1 6N. 
C h lo rh y d ric  a c id  i s  removed by vacuum. Tne re s id u e  i s  tak en  up by d i s 
t i l l e d  w ater, and HP i s  o x id ized  w ith  ch loram ine-T .
The o x id a tio n  p ro d u c t r e a c t s  th e n  w ith  4 -d im ethy l-am ino-benzaldehyde. ^  
re d  c o lo u r i s  th e n  e v a lu a te d  by sp ec tro p h o to m etr ic  measurement a t  5^0 ^  
(ISO 140).

3 . STEGEMANN H. and STALDER K. (lOd, 17)

H y d ro ly s is  o f  th e  t e s t  sample by r e f lu x  b o i l in g  ( l 6 h ) w ith  HC1 6N.
A f te r  n e u t r a l i z a t io n  and fo llo w in g  o x id a tio n  o f HP w ith  Chloram ine-T 
r e a c t io n  w ith  4-d im ethy l-am ino-benzaldehyde, th e  r e s u l t in g  re d  co lou r f 5 
m easured sp e c tro p h o to m e tr ic a lly  a t  558 + 2  nm (ISO 163)

4. MODIFIED STEGEMANN-STALDER METHOD (10c)

T h is method i s  p a r t ly  based  on th e  S tegem ann-S ta lder method m odified  W 
H urych-G hvapil and M ohler-V olley . The t e s t  sample i s  hydro lyzed  w ith  g 
H2S0i| added w ith  S tanneous C h lo rid e  a t  110°C f o r  16 h . (The samples 
k e p t in  h y d ro ly s is  tu b e s  in s id e  an e x s ic c a to r  in  th e  oven). A f te r  f i l ^  
and o x id a tio n  o f HP a s  above, th e  excess o f  ch loram ine-T  i s  removed bY ¡y 
P e rc h lo r ic  a c id . The c o lo u r assessm en t i s  c a r r ie d  o u t a ls o  w ith  4-diEe 
am ino-benzaldehyde (ISO 155).
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P rev io u s  s t a t i s t i c a l  com putation o f th e  r e s u l t s  from c o l la b o ra t iv e  t e s t  showed 
th a t  th e  S tegem ann-S ta lder method (ISO 16 5 ) (lOd, 11, 12, 15, 14) i s  to  be 
p re fe r re d  as  a  b a s is  f o r  an ISO-Recommendation th an k s to  i t s  p r a c t i c a l  f e a s ib i 
l i t y  and good r e p r o d u c ib i l i ty .
A t th e  P a r i s ’ m eeting o f th e  Working Group 2 in  March 1971, t h i s  v iew -p o in t has 
been accep ted  by th e  members o f  th e  Working Group, b u t i t  was re q u e s te d  to  p ro 
ceed w ith  th e  s tu d y  o f t h i s  method, p a r t ic u la r y  w ith  reg a rd  to  th e  in f lu e n c e  o f 
h y d ro ly s is  p e rio d  and to  th e  r e p r o d u c ib i l i ty .
S ince in  our la b o ra to ry  Vie a re  d a i ly  co n fro n ted  w ith  th e  d e te rm in a tio n  o f hydroxy 
p ro l in e ,  and a lso  s in c e  th e  4 proposed ISO-methods e x i s t  now as d r a f t  d i r e c t iv e s  
from th e  ECM, we d ecided  to  u n d ertake  t h i s  s tu d y  im m ediately . Our aim i s  n o t to  
add a  new method to  th e  many ones e x is t in g  a lre a d y , b u t co n fro n t i t  w ith  d a i ly  
p r a c t ic e .
The c o lo u r- re a g e n t has been m odified  acco rd in g  to  AKNETH and HAMM (5 ) . Iso -p ro p a 
n o l i s  more s u i ta b le  th a n  n -p ro p an o l, because th e  co lo u r s t a b i l i t y  i s  b e t t e r  and 
th e  b lank  v a lu e  i s  low ered.
To perform  our s tu d y  on h y d ro ly s is  tim e , we in c lu d ed  t h i s  m o d if ic a tio n .
The e ssay s  d e sc r ib e d  h ereu n d er have been c a r r ie d  o u t on two p ro d u c ts  d i f f e r in g  
w id e ly  in  com position  to  a llow  a b e t t e r  judgem ent o f  th e  v a l id i t y  o f  th e  proposed 
m ethods.

I I .  METHODS,

We used th e  ISO method XSO/TC 54/50 6/WG 2 -  Nl6p (lOd) based on th e  Stegemann- 
S ta ld e r  method, in tro d u c in g  th e  m o d if ic a tio n  m entioned in  th e  in tro d u c tio n .
We a ls o  used th e  method p u b lish ed  in  "Die F le is c h w ir ts c h a f t"  50, 857 (1970) (8) 
w ith o u t in c lu d in g  th e  c o lo u r  re a g e n t th ey  proposed, vihich i s  a lso  based on th e  
S tegem ann-S ta lder method (A lte rn a tiv e  m ethod).

r i n c i p a l  d i f f e r e n c e s  betw een th e  two methods used a re  summarized in  Table I .

sample + 100 ml HCl 6N

ISO TC 34/SC 6A'G 2 - Nl63 A lte rn a tiv e  method.

l6  hours

sample + 50 ml o f  th e  fo llo w in g  
s o lu t io n  : 55 g Sn01o + 280 ml 
H20 + 700 ml HC1 (d = 1 .19)

7 hours

N e u tr a l iz a t io n  a f t e r  hyd ro - No n e u t r a l i z a t io n ,
l y s i s  w ith  NaOH

Diatom aceous e a r th  f i l t e r
paper S. & S. Nr 287

’ n s . We use
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I I I .  RESULTS AMD DISCUSSION.

p re p a ra t io n .

We p rep ared  a sample o f  Dry Sausage (S a lam i-ty p e ) and an o th e r o f  Corned Beef 
They a re  homogenized by p a ss in g  tw ice  th rough  a  meat m incer w ith  h o le s  o f 
3 mm, and m ixing a fte rw a rd s  w ith  a  fo rk .
F ive p o r tio n s  o f  ev ery  p ro d u c t were t r a n s f e r r e d  to  h e rm e tic a l ly  s e a le d  cans 
and k ep t in  a  r e f r i g e r a t o r  a t  + 4°C.
T his p rocedure allow ed to  work, th ro u g h o u t th e  whole s tu d y , w ith  d u p lic a te s  
from an id e n t i c a l  sam ple.
The average com positions o f  th e se  p ro d u c ts  a re  :

TABLE I I  -  Average com position  o f ' t h e  n ro d u c ts .

Dry; Sausage_ Corned B eef

M oistu re  (fj). 3 0 .9 62.2

P ro te in s  on sample as
such  (/j ) 19.1 2 1 .8

F a t on sample as  such
(*) 41 .6 12.7

The two p ro d u c ts  were chosen on b e h a lf  o f  t h e i r  w ide ly  d i f f e r in g  f a t  conteh1' 
to  check w hether th e  h y d ro ly s is  p e rio d  i s  s u f f i c i e n t  when th e  f a t  co n ten t 
ve ry  h ig h .

2 . P rocedure .

For ev ery  meat sample and f o r  ev ery  h y d ro ly s is  p e r io d , we made th re e  b a tc h ^ '- 
Each b a tc h  re p re s e n ts  s ix  p o r t io n s  o f  th e  same sam ple, w hich a re  h y d ro lized 
s im u lta n eo u s ly .
From each  o f th e se  h y d ro liz a te d  p o r tio n s  we p rep ared  two d i lu t io n s  ; th is  
le a d s  to  12 a n a ly t ic a l  r e s u l t s  p e r b a tch .
A lto g e th e r  we o b ta in ed  108 r e s u l t s  f o r  th e  Dry Sausage and a lso  108 r e s u l t5 
f o r  th e  Corned B eef, sub d iv id ed  as fo llo w s :

Dry Sausage : iso 163 l6  h  o f h y d ro ly s is
iso 163 7 h o f h y d ro ly s is
A l te rn a t iv e  method 7 h  o f h y d ro ly s is

Corned B eef : iso 163 l6  h  o f  h y d ro ly s is
iso 163 7 h  o f  h y d ro ly s is
A lte rn a t iv e  method 7 h  o f h y d ro ly s is

A ll  th e  an a ly se s  were perform ed by th e  same a n a ly s t .

36 r e s u l t 5 
r e s u l t 5

36 r e s u l t 5

36 r e s u l t 5 
36 r e s u l t 5 
36 r e s u l t5



3 . R e s u lts .

The r e s u l t s  a re  shown in  th e  ta b le s  I I I ,  IV, V and VI.

TABLE I I I  : H ydroxyprollr.e c o n te n t in  /j (ISO 16 5 )

Dry Sausage

H y d ro ly sis  fo r  16 h o u rs .

1 s t b a tch 2nd b a tch 3 th  b a tch

d i l . I I d i l . I d i l . I I dil_.I_ d i l . I I

0 ,52 0,52 0,52 0 ,4 8 0 ,45

0 ,53 0 ,49 0,52 0 ,46 0 ,48

0,51 0 ,52 0 ,53 0 ,4 ? 0 ,47

0 ,52 0,51 0,50 0 ,46 0 ,48

0 ,51 0 ,49 0,52 0 ,47 0 ,49

0 ,5 3 0 ,53 0 ,53 0 ,45 0 ,49

j \ C $ ^ 3  -  1 6_h Mean_Value ;3 Minimum Maximum

1 ^  b a tch  

1 ^  b a tch  

V ^ b a t c h

0 ,518

0 ,515
0,472

0 ,51

0 ,4 9

0 ,4 5

0 ,53

0 ,53

0 ,49

1
F or th e  o th e r  a ssay s  we g ive  on ly  th e  mean, minimum and maximum v a lu e s .

H y d ro ly s is  f o r  7 h o u rs .

Z h Me an_Val ue s_ Minimum

0,513 0,47

0,552 0 ,50

0,486 0 ,47

Maximum

0,56

0,6l

0 ,51
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T A H E JV  : Hydroxyprollr.e content in % - Alternative method -  7  ho u rs.

D ry Sausage 

1 s t  b a tc h  

2nd b a tc h  

3 t h  b a tc h

Mean V alu es Minimum
----------------------- — - " I

Maxin^S ^ J \

0 ,6 13 0 ,5 9 0 ,6 5  ^
0,609 0 ,5 9 0 ,6 3  |
0 ,6 0 7 0 ,5 9 0,62

TABLE V  : H y d ro x y p ro lln e  c o n te n t  I n  % -  (ISO 163)

Corned B se f

H y d ro ly s is  f o r  16  h o u rs

H y d ro ly s is  f o r  7  h o u rs

1 s t  b a tc h  

2nd b a tc h  

3 t h  b a tc h

M ean_Values Minimum Ma

1 s t b a tc h 0 ,6 4 6 0,60 0
2 nd b a tc h 0,605 0 ,5 9 0
3 t h b a tc h 0 ,6 7 4 0,66 0

MaxinTU®

TABLE VI : H y d ro x y p ro lin e  c o n te n t  i n  % -  A l te r n a t iv e  method -  7 h o u rs .

Corned B eef 

1 s t  b a tc h  

2 nd b a tc h  

3 t h  b a tc h

ile an_V alues Minimum

0 ,8 2 4 0 ,7 9

0 ,7 9 1 0 ,7 5
0,788 0 ,7 7

MaxiHi1̂

t'

Mean V alues Minimum M a x i ^ S ^ X j

0,838 0 ,7 4 1,0 6  |

0 ,6 9 3 0 ,6 4 0 ,72

0 ,7 1 5 0,6 7 o / r r ^ ^ / j

658



The r e s u l t s  have been computed by v a ria n c e  a n a ly s is .  T h is was done on th e  mean 
v a lu e s  o f  th e  b a tch es  s in c e  th e  p rev io u s  s tu d ie s  showed th a t  th e  r e p r o d u c ib i l i ty  
will th in  one b a tch  was good, meaning th a t  th e  f a c to r s  sam pling and d i lu t io n  were 
n o n - s ig n if ic a n t  (1 1 ,1 3 ).
V ariance  a n a ly s is  o f  our r e s u l t s  showed th a t  th e  f a c to r  b a tch  i s  alw ays n o n -s ig n i
f i c a n t .  T h is means t h a t  under th e  d e sc r ib e d  working c o n d itio n s  th e  p ro b a b i l i ty  o f 
occurence o f a  d if f e r e n c e  o f th e  f a c to r  b a tch  due on ly  to  chance i s  below 0 .8 . 
S im ila r ly  i t  i s  p o s s ib le  to  e v a lu a te  th e  in f lu e n c e  o f th e  h y d ro ly s is  p e rio d  on th e  
r e s u l t s .
Dr Z §_ausag£ : th e  f a c to r  h y d ro ly s is  p e rio d  i s  n o n - s ig n if ic a n t .
Corned_Beef : th e  f a c to r  h y d ro ly s is  p e rio d  i s  s ig n i f i c a n t  on th e  le v e l  o f P = 0,8^ 

7 h  h y d ro ly s is  g iv e s  h ig h e r  r e s u l t s  th an  16  h  h y d ro ly s is .
T h is r a th e r  s u rp r is in g  r e s u l t  has been re -a s c e r ta in e d  by 2 new b a tch es  o f  12 
d e te rm in a tio n s  each .

TABLE H I  : Complementary r e s u l t s  o f  HP d e te rm in a tio n  in  Corned B eef w ith  ISO 163

Mean V alues Minimum Maximum

16 h 0 ,6 5 0,60 0 ,6 8

7 h 0 ,718 0 ,6 8 0 ,75

Comparison o f  th e  r e s u l t s  from th e  " A lte rn a tiv e  method" w ith  th o se  from ISO method 
163 shows th a t  in  a l l  c ases  th e  r e s u l t s  a re  s ig n i f i c a n t ly  d i f f e r e n t ,  ex cep t f o r  
th e  7 h h y d ro ly s is  p e rio d  w ith  Corned B eef.

IV. CONCLUSIONS.
1. The A lte rn a t iv e  method g iv es  h ig h e r  r e s u l t s  th an  ISO 163  -  16 h o u rs .

E xcep t f o r  Corned B eef, t h i s  A lte rn a t iv e  method g iv e s  a lso  h ig h e r  r e s u l t s  than  
ISO 163 -  7 h o u rs . However, th e se  l a t t e r  r e s u l t s  a re  abnorm ally  h ig h  as com
pared  to  th e  16  hours h y d ro ly s is  p e r io d .

2 . I t  seems th a t  f o r  ISO method 163  th e  i r r e g u l a r i t i e s  o f  th e  r e s u l t s  could  be due 
up to  a  c e r ta in  e x te n t  to  th e  h y d ro ly s is  p e rio d .
We in te n d  to  proceed w ith  th e  s tu d y  o f t h i s  h y d ro ly s is  p e rio d  fo r  t h i s  method 
w ith  o th e r  meat p ro d u c ts , s in c e  th e  n a tu re  o f th e  p ro d u c t i t s e l f  seems to  
in f lu e n c e  a lso  th e  r e s u l t s .
Vie can n o t conclude i f  th e  A lte rn a t iv e  method, i s  b e t t e r  th a n  th e  ISO 163 method 
In  a  p rev io u s  s tu d y  (13) th e  reco v ery  y ie ld s  o f  added HP v a r ie s  from one la b o ra  
to r y  to  a n o th e r between 82 ,3  and 120,1
For t h a t  re a so n  we in te n d  to  u n d ertak e  a s im i la r  s tu d y  w ith  th e  A lte rn a tiv e  
method, by adding known o .u a n titie s  o f  HP to  v a r io u s  sam ples.
U n t i l  th e se  p o in ts  a re  c l a r i f i e d  we propose to  m a in ta in  a  h y d ro ly s is  p e rio d  
o f  16  h o u rs .
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