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T i t a n i u m / I V /  o x i d e  as  an optimum c a t a l y s t  f o r  t h e  s i n g l e - s a m p l e  c h e m i c a l  c l a s s i f i c a t i o n  
o f  meats  ana m e a t - i n d u s t r y  p r o d u c t s  — —   ------------------------------- — —

GVDRGY SELMECI and FERENC CSEH

C ounty I n s t i t u t e  f o r  Food I n s p e c t i o n  and C he m i c a l  A n a l y s i s  S z e g e d ,  Hungary

At t h e  26th C o n g r e s s  o f  European Meat R e s e a r c h i v o r k e r s  / C o l o r a d o  S p r i n g s ,  USA/ me repo rte d 
t h e  u se  o f  z i r c o n i u m / I V /  o x i d e  a s  a c a t a l y s t  i n t h e  s i m u l t a n e o u s  a n a l y s i s  o f  t h e  b i o l o g i '  
' p a l l y  i m p o r t a n t  ^ n s t i t u e n t s  0f meats and m e a t - i n d u s t r y  p r o d u c t s .  In a medium o f  h i gh H 
i on  a c t i v i t y ,  Z r  i o n s  r e a c t  w i t h  p h o s p h a t e  a n i o n s  t o  g i v e  an i n s o l u b l e  p r e c i p i t a t e  of  

» and hen ce  t h e  t o t a l  p hospho rus  c o n t e n t  and P number o f  meat p r o d u c t s  c o u l d  be 
d e t e r m i n e d  o n l y  i n d i r e c t l y ,  w i t h  a s e p a r a t e  d e s t r u c t i v e  d e c o m p o s i t i o n  i n v o l v i n g  t h e  use 0 . 
a Se c a t a l y s t .  In c o n t r a s t  w i t h  t h e  s i m u l t a n e o u s  a n a l y s i s  w i t h  z i r c o n i u m / I V /  o x i d e ,  the 
o f  t i t a n i u m / I V /  o x i d e  has  s i m p l i f i e d  t h e  p r o c e d u r e  c o n s i d e r a b l y .

We f i r s t  made an e x p e r i m e n t a l  c ompa ri so n o f  t h e  c a t a l y t i c  a c t i v i t i e s  o f  t h e  TiO , ZrO 
CuSO..  r o r  t h i s  i n v e s t i g a t i o n ,  s a m pl e s  o f  l y o p h i l i z e d  b o v i n e  musc ul us  l o n g i s s i m u s  dor§i> 
Bo l og na  s a u s a g e  and s a l a m i  were u s e d ;  t h e s e  had f a t  c o n t e n t s  i n  t h e  r an ge  3- 44/ ,  which 
c o v e r s  t h e  i n t e r v a l  g e n e r a l l y  found i n  m e a t - i n d u s t r y  p r o d u c t s .  The r e s u l t s :

Sample D e s t r u c t i o n  t i me  /min/
T i 02 Z r ° 2 CuSO . 4

L y o p h i l i z e d  b e e f
/ m . l o n g . d o r s i / 5 o - 5 5 5 o - 5 5 l 2o

Bol ogn a s a u s a g e 2o -2 5 2o -2 5 l 2o

S a la m i 45-50 40-45 12 o
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u s ,  i t  was c o n c l u d e d  on the  b a s i s  o f  t h e  " d e s t r u c t i o n  t im e"  t h a t  t h e  c a t a l y t i c  procedur 
th t i t a n i u m / I V /  o x i d e  i s  e q u a l l y  a s  e f f i c i e n t  a s  t h a t  w i t h  z i r c o n i u m / I V /  o x i d e .  P r e v i otl 
p e r i m e n t s  w i t h  z i r c o n i u m / I V /  o x i d e  have d e m o n s t r a t e d  t h a t  t h e r e  i s  no need f o r  " p o s t -  
i l i n g  : t h e  p r o t e i n s  a r e  broken down c o m p l e t e l y  d u r i n g  t h e  e x p e r i m e n t a l l y  e s t a b l i s h e d  
s t r u c t i o n  p e r i o d .  A " p o s t - b o i l i n q "  was not  found t o be n e c e s s a r y  w i t h  t i t a n i u m / I V /  o * i a 
t h e r  i f  t h e  d e s t r u c t i o n  was c a r r i e d  out  f o r  2 o -5 o  min i n t h e  v a r i o u s  c a s e s .  The t a b u l 3'  
d d a t a  show t i t a n i u m / I V /  o x i d e  to  r e q u i r e  s u b s t a n t i a l l y  s h o r t e r  d e s t r u c t i o n  t i me s  thad , 
o s e  w i t h  c o p p e r / I I /  s u l p h a t e .  T a b l e  I  r e v e a l s  t h a t  t h e  t o t a l  p r o t e i n  c o n t e n t s  /N x 6.2 ' 
und by the  t i t a n i u m / I V /  o x i d e  and c o p p e r / I I /  s u l p h a t e  p r o c e d u r e s  a g r e e  w e l l ;  a t  a l e v ei 
= o , o 5 ,  the  c a l c u l a t e d  F v a l u e s  a r e  i n a l l  c a s e s  s m a l l e r  than t h e  t a b u l a t e d  F v a l u e s .

d a i 2  Stamm and G e r t z  on meat p r o d u c t s ,  p u b l i s h e d  i n  1 98 o,  i n d i c a t e  t h a t  t h e  r e s ^ - e  
o f  k j e l d a h l  d e s t r u c t i o n  w i t h  t i t a n i u m / I V /  o x i d e  a s  c a t a l y s t  p r a c t i c a l l y  c o i n c i d e  w i th  
o b t a i n e d  w i t h  t h e  AOAC 2o49 p r o c e d u r e  w i t h  m e r c u r y / I I /  o x y d e .

Tat j le  H  shows t h a t  t h e  c a t a l y t i c  e f f e c t  o f  t i t a n i u m / I V /  o x i d e  i s  not  i n f l u e n c e d  by the 
bn i o n s  used i n t h e  d e t e r m i n a t i o n  o f  h y d r o x y p r o l i n e .

The u se  o f  t i t a n i u m / I V /  o x i d e  as  c a t a l y s t  p e r m i t s  a s i m p l e r  o n e - sa m pl e  a n a l y s i s  than i n 
the  c a s e  o f  t h e  z i r c o n i u m / I V /  o x i d e  method:

1 .  Water d e t e r m i n a t i o n

Dry m a t t e r  c o n t e n t  d e t e r m i  
n a t i o n  / d e h y d r a t i o n  a t  l 8o

2.  P a r t i a l  h y d r o l y s i s
/SniiT/H2304/

C/ 2 . 1  Fat  c o n t e n t  d e t e r m i n e  
t i o n  / t e t r a c h l o r o e t h y  
l e n e  e x t r a c t i o n /

3 .  Compl et e  h y d r o l y s i s
/Sn^/HgSC^/ —

ÿ
H y d r o x y p r o l i n e  d e t e r 
n a t i o n

2.1.1.1
T o t a l  P c o n t e n t  d e t e r m i ­
n a t i o n

2 . 1 . 1  T o t a l  p r o t e i n  c o n t e n t  
d e t e r m i n a t i o n  / N x 6 . 2 5 /  
/ s o l v e n t  r e m o v a l ; '
T i 02 c a t a l y s i s /

Ca c o n t e n t  d e t e r m i n a t i o n  
/ c o m p l e x o m e t r y /
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o f s i m u l t e n a o u s  a n a l y s i s :

d e h y d r a t i o n  / w a t e r  c o n t e n t  d e t e r m i n a t i o n /  

lo 9 homogeni zed meat /meat p r o d u c t /  i s  d r i e d  f o r  25 min a t  18o °C.

dgrtial hydrolysis
^he sample dehydrated in /l/ i_ ______ ____ _______ ____ _ _______ __ ww/o iiui ___
îrî  contain:tn9 1 9 SnCl^.SH^O. The acidic solution of the sample is refluxed for lo

washed i n t o  a 25o cm3 f l a s k  w i t h  5o cm3 3o% s u l p h u r i c

E x t r a c t i o n  / f a t  c o n t e n t  d e t e r m i n a t i o n /

Joo cm t e t r a c h l o r o e t h y l e n e  a t  6o C i s  added t o  t h e  s o l u t i o n  o b t a i n e d  i n  / 2 / ,  and 
me m i x t u r e  i s  r e f l u x e d  f o r  15 min.  A f t e r  c o o l i n g ,  t h e  two p h a s e s  a r e  s e p a r a t e d  i n  a 

S e p a r a t i n g - f u n n e l ; t h e  l o w e r  p o r t i o n  i s  run o f f  i n t o  a 2oo cm3 v o l u m e t r i c  f l a s k  and 
' h e  e x t r a c t i o n  i s  r e p e a t e d  w i t h  95 cm-5 t e t r a c h l o r o e t h y l e n e .  The s o l v e n t  i s  removed 
end t h e  f a t  c o n t e n t  i s  measured g r a v i m e t r i c a l l y .

T o t a l  p r o t e i n  c o n t e n t  d e t e r m i n a t i o n  /N x 6 , 2 5 /

The a c i d i c  aqueous phase  o b t a i n e d  i n  / 2 . 1 /  i s  t ak en  i n  a 25o cm3b e a k e r  a 
s o l v e n t  i s  removed on a w a t e r - b a t h .  The s o l u t i o n  i s  washed i n t o  a l o o  cm 
r l c  f l a s k  and t h e  volume made up t o  t h e  mark w i th  
r e s u l t i n g  s t o c k  s o l u t i o n  i s  p i p e t t e d  i n t o  a 25o cm

id t h e  
’ v o l u m e t -

3/o s u l p h u r i c  a c i d .  2o cm3 o f  t h e
- r --------- ------ - -----------  K j e l d a h l  f l a s k ,  and l o  g K_SO ,

o , 1 5  g CuS 0 . . 5 H 20,  o , 15  g T i 0 2 and 3o cm3 c o n e ,  s u l p h u r i c  a c i d  a r e  a dd ed .  The s o l u ­
t i o n  i s  b o i l e d  u n t i l  i t  c l e a r s .  Depending on t h e  p r o t e i n  and f a t  c o n t e n t s  o f  the  
s a m p l e ,  t h e  " d e s t r u c t i o n  t ime"  i s  1 5 - 5 5  min.  The r e s u l t i n g  s o l u t i o n  i s  washed i n t o  
a 2oo cm v o l u m e t r i c  f l a s k ,  t h e  volume i s  made up t o  t h e  mark w i t h  w a t e r ,  and t h e  
amount o f  ammonia formed from a 2o cm a l i q u o t  i s  d e t e r m i n e d  w i t h  a Parnass-VVagner 
a p p a r a t u s .

T o t a l  p r o t e i n  c o n t e n t  = £—2. -L * , J-.4o°0...x. 8 . 2 5  x l o  x Q̂0
G

Where F = consumpti on o f  o . l  N H2S04 /cm3/ ;  f = f a c t o r  o f  o . l  N H2S04 ;

G = mass o f  sampl e t a k en  /mg/.

T o t a l  ph osphorus  c o n t e n t  d e t e r m i n a t i o n  

9 2oo cm3 s t o c k ^ s o l u t i o n  ot
L ask ,  and To cm i s  added from a s o l u t i o n  o f  2o g ammoni um,mol ybdate, 

v a n a d a t e  and 14o cm3 c o n e ,  n i t r i c  a c i d  made up to l o o o  cm3 w i th

l o  cm3 o f  t h e  2oo cm3 s t o c k , s o l u t i o n  o b t a i n e d  i n / 2. 1 . 1/  i s  p i p e t t e d  i n t o  a l o o
v o l u m e t r i c  f l a s k ,  and To cmJ J *---- --- •• - -  . . .
1 g ammonium v a n a d a t e  and l 4 o  cm- c o n e ,  n i t r i c  a c i d  made up ........ _...................
d i s t i l l e d  w a t e r .  P h ot o me t r y  i s  pe r fo r me d a g a i n s t  a b l a n k  i n 1 cm c e l l s  a t  42o nm. 
KH2PO s o l u t i o n s  a r e  employed f o r  t h e  c a l i b r a t i o n  p l o t .

T o t a l  P c o n t e n t  = 

where a

a x 2o x 5 x l o o  mg/loo g

P q u a n t i t y  r ea d o f f  c a l o b r a t i o n  p l o t  /mg/;  G 

•2 Ca c o n t e n t  d e t e r m i n a t i o n

mass o f  sampl e t ak en  / g / .

•1

S t a r t i n g  from t h e  2oo cm3 s t o c k  s o l u t i o n  o b t a i n e d  i n / 2. 1 . 1/ ,  t h e  q u a n t i t y  o f  
c a l c i u m  i s  d e t e r m i n e d  i n  t h e  normal  manner by d i r e c t  t i t r a t i o n  w i t h  EDTA.

3 Na c o n t e n t  d e t e r m i n a t i o n

The sodium c o n t e n t  i s  d e t e rm i n ed  by f l am e p h ot o m e t r y  i n  t h e  c u s t o m a r y  way,  on t h e  
2oo cm3 s t o c k  s o l u t i o n  o b t a i n e d  i n / 2. 1 . 1/ .

EornDl
^ - e j e t e  h y d r o l y s i s  / h y d r o x y p r o l i n e  d e t e r m i n a t i o n /
We 3 3
in ou t  from t h e  r e s i d u e  / 8o cm / o f  t h e  s o l v e n t f r e e  l o o  cm s t o c k  s o l u t i o n  o b t a i n e d  
d0n^- 1 . 1 .  The s o l u t i o n  i s  kept  i n a d r y i n g  oven a t  l o 5  °C f o r  15 h r .  / T h i s  i s  p r e f e r y b l y
i 6cl o v ®rnught i m m e d i a t e l y  a f t e r  sampl e t a k i n g . /  The d e t e r m i n a t i o n  i s  s u b s e q u e n t l y  c a r -  

out  a s  d e s c r i b e d  a t  t h e  26th C o n g r e s s .
^  e>

amP l e  o f  t h e  s i m u l t a n e o u s  a n a l y s i s  p r o c e d u r e  d e v e l o p e d ,  a n a l y t i c a l  d a t a  on b e e f  
* l o n g i s s i m u s  d o r s i /  a r e  p r e s e n t e d  i n  T a b l e  I I .  I t  can be se e n t h a t ,  w i t h  t h e  

p r o c e d u r e ,  i t  i s  p o s s i b l e  t o  d e t e r m i n e  t h e  f o l l o w i n g  c h e m i c a l  p a r a m e t e r s
e o u s l y  on one s ampl e:



1 /  Water c o n t e n t  /%/
Dry m a t t e r  c o n t e n t  /%/

2 /  F e d er  number

3 /  F o r e i g n  w a t e r  c o n t e n t  /%/
4 /  Fat  c o n t e n t  /%/

5 /  Water  -  f a t  i n d e x

6/  Fat  -  p r o t e i n  i nd e x

7 /  H y d r o x y p r o l i n e  c o n t e n t  /%/
8/  C o n n e c t i v e  t i s s u e  p r o t e i n  

c o n t e n t  /%/
9 / R e l a t i v e  c o n n e c t i v e  t i s s u e  

p r o t e i n  c o n t e n t  /%/

l o /  Meat p r o t e i n  cont en t  
f r e e  o f  c o n n e c t i v e  
t i s s u e  p r o t e i n  /%/

1 1 /  T o t a l  p r o t e i n  /row 
p r o t e i n  c o n t e n t  /%/ 
/N x 6 . 2 5 /

1 2 /  T o t a l  P c o n t e n t  /%/
1 3 /  P number
1 4 /  Ca c o n t e n t  /mg/l oo s/

T h i s  p r o c e d u r e  i s  c o m p a r a t i v e l y  f a s t  and c h e a p ,  and p e r m i t s  s e r i a l  a n a l y s e s  i n  s m a l l  and 
m e d i u m- s i ze d p l a n t s ,  wher eby 14 c h e m i c a l  p a r a m e t e r s  can be d e t e r m i n e d  s i m u l t a n e o u s l y  on 
one s a m p l e .  S i m i l a r l y  to  z i r c o n i u m / I V /  o x i d e ,  t h e  t i n a n i u m / I V /  o x i d e  a p p l i e d  i s  c h ea p ,  
a v a i l a b l e  on a t e c h n i c a l  s c a l e ,  and n o n - t o x i c ,  and a d d o r d i n g l y  c a u s e s  no e n v i r o n m e n t a l  
p o l l u t i o n .

R e f e r e n c e s :

1 /  S e l m e c i ,  G y . ,  C s e h ,  F . ,  Nové,  L . : S i m u l t a n e o u s  d e t e r m i n a t i o n  o f  c o n s t i t u e n t s  o f  meat 
and meat p r o d u c t s  on one s a m p l e .  26th European M e e ti n g o f  Meat R e s e a r c h  Wor ke rs ,  
C o l o r a d o  S p r i n g s ,  1 9 8 o,  USA.

2 /  Stamm, H. ,  H e r t z ,  C h . :  P r a k t i s c h e  E r f a h r u n g e n  b e i  d e r  Verwendung von T i t a n d i o x i d  a l s  
K a t a l y s a t o r  b e i  d er  S t i c h s t o f f b e s t i m m u n g  nach K j e l d a h l  i n  F l e i s c h  -  und Wu r s t w a re n , 
L e b e n s m i t t e l c h e m i e  u .  g e r i c h t l .  Chemi e,  ¿ 4  7 o - 7 2  / 1 9 8 o / .

T o t a l  p r o t e i n  /row p r o t e i n /

T a b l e  I .

d e t e r m i n a t i o n  w i t h  t i t a n i u m / I V / o x i d e  a s c a t a l y s t

Mode of  
a n a l y s i s

No. o f  
measu­
rements

Mean
p r o t e i n
c o n t e n t

/%/

E r r o r  o f  
mean

/ E /

Squa re  
e r r o r  
o f  mean

/ eV

F
/ c a l e d . / / t a b u l a ^ 7

/ p = o , o 5/

I 2o 7 9 , 2 7 o ,o85 o , oo72
1 ,  o l 4 2 , 1 7

l o n g ,  d o r s i  / b e e f /  ^ 2o 7 9 , 2 9 o ,o84 o , o o 7 1

I 5 11,22 o , o 8l o , 0066
3 ,3oo 6,39Bo l og na  s a u s a g e

I I 5 11,22 o , o45 o , o o 2o

I 5 2 5 ,0 2 o ,o44 o , o o l 9
1 , 1 8 8 6,39

I I 5 2 5 , 0 3 o ,o4o o , o o l 6

I .  T i t a n i u m / I V /  o x i d e  a s  c a t a l y s t

I I .  C o n t r o l :  c o p p e r / I I /  s u l p h a t e  a s  c a t a l y s t
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T a b l e  I I .

S i m u lt a ne ou s  a n a l y s i s  o f  b e e f  /muec.  l o n g ,  d o r s i /  w i t h  t i t a n i u m / I V  o x i d e  a s  c a t a l y s t

P a r am e t er I. II.

1. Water c o n t e n t  /%/ 7 1 , 6 6 7 1 , 7 6

1 . 1 Feder  number 3 , 4 4 3 , 4 1

1 . 2 F o r e i g n  w a t e r  c o n t e n t  /%/ 0 o

2 . 1 Fat  c o n t e n t  /%/ 3 , 4 5 3 , 7 1

2 . 1 . 1 Water  -  f a t  i n d e x 2 0 , 7 7 1 9 , 3 4

2 . 1 . 2 Fat  -  p r o t e i n  i nd e x 0 , 1 7 o , 18

2 . 2 H y d r o x y p r o l i n e  c o n t e n t  /%/ 0 , 1 7 o , 1 8

2 . 2 . 1 C o n n e c t i v e  t i s s u e  p r o t e i n  c o n t e n t  /%/ 1 , 3 6 1 , 4 6

2 . 2 . 2 R e l a t i v e  c o n n e c t i v e  t i s s u e  p r o t e i n  
c o n t e n t  /%/ 6 , 5 3 6 , 9 4

2 . 2 . 3 Meat p r o t e i n  c o n t e n t  f r e e  o f  c o n n e c t i v e  
t i s s u e  p r o t e i n  /%/ 1 9 , 4 7 1 9 , 5 8

2 . 3 Raw p r o t e i n  c o n t e n t  /%/ 2 o , 83 2 1 , 0 4

2 . 3 . 1 T o t a l  P c o n t e n t  /%/ 0 , 1 2 0 , 1 3

2 . 3 . 2 P number 1 , 3 2 1 , 4 2

2 . 3 . 3 Ca c o n t e n t  /mg/l oo g/ l o  ,82 l o  , 14

I ,  Means o f  s i m u l t a n e o u s  a n a l y s e s  w i t h  t i t a n i u m / I V /  o x i d e

I I .  C o n t r o l s :  means o f  i n d i v i d u a l  a n a l y s e s




