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The d ata  was o b ta in ed  con cern in g  therm al d e s tr u c t io n  o f  
b u ty lo x ia n is o le  and b u t y lo x i t o lu o l  in  pork f a t ,  on th e se  a n t i 
o x id a n ts  d ecom p osition  due to  '^ r a d i a t i o n  dose and to  the  
p ro cess  o f  s t o r in g .

P ero x id es  aocum ulation  and a n t io x id a n ts  d is s o c ia t io n  are 
sim u ltan eou s under therm al trea tm en t o f  in h ib i t e d  pork f a t .

With the in c r e a se  o f  ^ ^ -r a d ia t io n  dose th e se  p r o c e sse s  
in t e n s i f y .

B u ty lo x ia n is o le  p roves to  be th e most e f f e c t i v e  in h ib i to r  
in  th e o x id iz in g  o f  s to r e d  pork f a t  ir r a d ia te d  w ith  1 ,0 0 0 ,0 0 0  
and 1 ,5 0 0 ,0 0 0  rad . B u ty lo x ito lu o l  has no in h ib i t in g  power 
in  s im ila r  c o n d it io n s .



DAS ALLUNIONS-FORSCHUNGSINSTITUT DER FLEISCH.VIRTSCHAFT

EINFLUSS VON '^^BESTRAHLUNG SOWIE WÄRMEBEHANDLUNG AUF DIE 

ZERSTÖRUNG DER ANTIOXYDANTIEN IM INHIBIERTEN

Es werden d ie  Angaben h in s i c h t l i c h  der WärmeZerstörung 

von B u ty lo x y a n iso l und B u ty lo x y to lu o l im S c h w e in e fe tt  sow ie  

h in s ic h t l i c h  des Z e r f a l l s  der erwähnten A n tio x y d a n tien  je

a n gefü h rt.

Durch d ie  Wärmeeinwirkung auf in h ib ie r t e s  S ch w e in e fe tt  

wird d ie  Anhäufung von Peroxyden und der g l e i c h z e i t i g e  

Z e r fa l l  von A n tio x y d a n tien  h erv o rg eru fen .

Vorgänge m it der Zunahme von B e str a h lu n g sd o s is  v e r s t ä r k t .

A ls m eist  w irk u n g sv o ller  O x y d a tio n s in h ib ito r  b e i  der 

Lagerung von m it I und 1 ,5  M il. Rad b estra h ltem  S c h w e in e fe tt  

erw ies s ic h  B u ty lo x y a n iso l. B u ty lo x y to lu o l übt u n ter  d ie se n  

Lodingungen k e in e  in h ib iere n d e  Wirkung au s.

U d S S R

SCHWELNEFETT

W .I .P iu lsk a ja

Z U S A M M E N F A S S U N G

hach der Höhe der -B estra h lu n g  und während der Lagerung

B ei der Einwirkung von d ie se
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L 'IN ST IT U T  D'ETAT DE RECHERCHES SCIENTIFIQUES DE LA VIANDE

L'INFLUENCE DES RAYONS GAI® AA ET DU TRAITEMENT 
THERMIQUE SUR LA DESTRUCTION DES ANTIOXYDANTS DANS LA GRAISSE

DE PORC INHIBITIVE

V .I .P io u ls k a ja

R E S U M E

Nous avons reçu  l e s  données con cern an tes l a  d e s tr u c t io n  
therm ique du b u ty le  o x y a n iso le  e t  du b u ty le  oxy to lu èn e  dans 
l a  g r a is s e  de porc e t  l a  d e s tr u c t io n  de c e s  a n tio x y d a n ts  en 
fo n c t io n  de l a  dose des rayons gamma e t  a u s s i  pendant l a  con
s e r v a t io n .

L 'a c t io n  therm ique sur l a  g r a is s e  de porc in h ib i t iv e  pro
voque l'a c c u m u la t io n  des peroxydes e t  l a  d e s tr u c t io n  sim u ltan ée  
des a n tio x y d a n ts .

L 'a c t io n  des rayons gamma i n t e n s i f i e  c e s  p rocéd és avec 
l'a u g m en ta tio n  de l a  dose d ' ir r a d ia t io n .

Le b u ty le  oxyanisole c ' e s t  l ' i n h i b i t e u r  de l 'o x y d a t io n  le  
P lu s a c t i f  pendant l a  c o n se r v a tio n  de l a  g r a is s e  de porc ir r a 
d iée  des d oses dr 1 .0 0 0 .0 0 0  à 1 .5 0 0 .0 0 0  ra .

Dans l e s  c o n d it io n s  p a r e i l l e s  l e  b u ty le  o xy to lu èn e ne
P rod u it aucun e f f e t  i n h i b i t i f .
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F a ts are e a s i l y  su b je c te d  to  ch em ica l changes under 
atm ospheric oxygen a c t i v i t y ,  e s p e c ia l ly  a t in c r e a se d  tempera
ture or due to  io n iz in g  r a d ia t io n . O xid ative p r o c e s se s  in  f a t s  
develop  by fr e e -r a d ic a l ch a in  mechanism. Chain o x id iz in g  
R eaction s can be e a s i l y  broken by adding sm all amounts o f a n t i -  
°x id a n ts  -  s p e c ia l  su b sta n ces  which are now p r a c t ic a l ly  used  
to  in h ib i t  the d e te r io r a t io n  o f f a t s  by o x id a tio n  and to  
Prolong t h e ir  s to ra g e  tim e ( 1 - 8 ) .  . *

P o s it iv e  r o le  o f a n t io x id a n ts  r e v e a le s  in  red u cin g  or 
e lim in a t in g  the subsequent ir r a d ia t io n  e f f e c t  ( 9 - 1 5 ) .

Due to  th e s ig n if ic a n c e  o f a n t io x id a n ts  as in h ib i t o r s  o f  
° k id a t iv e  p r o c e s s e s  in  f a t s ,  j^-rays and therm al treatm en t  
in f lu e n c e  on the d e s tr u c t io n  o f a n t io x id a n ts  i s  o f  g rea t
in t e r e s t .

In l i t e r a t u r e  th ere  are few papers con cern in g  k in e t i c s  
°T a n t io x id a n ts  d e s tr u c t io n  in  f a t s ,  and the q u e s tio n  o f the  
changes in  a n t io x id a n ts  co n ten t in  f a t s ,  w h ile  b ein g  ir r a d ia te d ,  
^as not been touched  upon a t a l l .  That i s  why i t  i s  o f  g rea t  
in t e r e s t .

Some au th ors confirm ed a n t io x id a n ts  d e s tr u c t io n . Golumbic 
( i 6 )  observed  the r e d u c tio n  o f to c o p h e r o ls  c o n c e n tr a t io n  in  
ia-rd o x id iz e d  in  a s h e l f  a t 6 0 ° .

F i l e r  e t  a l .  ( 1 7 ) ,  s tu d ie d  d ecom p osition  o f the g a l l i c  
^nd a sco rb ic  a c id s  in  r e f in e d  maize o i l  a t 110°.

Lundberg e t  a l .  ( 1 8 ) ,  observed  the d e s tr u c t io n  o f a 
dumber o f a n t io x id a n ts  in  la r d  o x id a tio n  which was kept at  

w ith  oxygen a e r a t io n .-100°
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Other in v e s t ig a t o r s  (1 9 ,2 0 )  watched propyl g a l la t e  and 
o u ty lo x ia n is o le  d is s o c ia t io n  in  la rd  kept at 61 and a lso
th e se  and o th er  a n t io x id a n ts  d e s tr u c t io n  in  p ie  c r u s t  w h ile
s to r in g  a t 6 1 °.

Fat o x id a tio n  t e s t s  were c a r r ie d  out by a c c e le r a te d  
k in e t ic  method a t in cr ea se d  tem p eratu re . 20 gm o f f a t  were 
p la ced  in  o x id iz in g  c e l l  immersed in to  a th erm ostat , and
through the porous g la s s  f i l t e r  so ld er ed  in  th e c e l l  bottom
a ir  was b la s te d  a t the ra te  o f 7 1 /h r . In d e f in i t e  time
in t e r v a ls  sam ples of o x id iz e d  f a t  were taken  to  determ ine  
peroxide number and a n t io x id a n ts  c o n te n t.

In th e se  exp erim en ts eq u im o lecu la r  q u a n t i t ie s  (0 ,0 0 1 1  M) 
of b u ty lo x ia n is o le  and b u t y lo x it o lu o l  were added to  f a t .  Fat 
a n a ly se s  were conducted  by the fo llo w in g  methods:

perox ide number d eterm in a tio n  -  by iod om etr ic  method
(2i);

b u ty lo x ia n is o le  d eterm in a tio n  -  by Mail on and Chapman 
method (2 2 );

b u t y lo x i t o lu o l  d eterm in a tio n  -  by A nglin  e t  a l .  method
(2 3 ) .

A s p e c ia l  u n it  serv ed  as a ^  - r a d ia t io n  so u rc e .R a d ia tio n  
dose c a p a c ity  was 2 ,000  r /h r .  To ir r a d ia te  the o b je c ts
s tu d ie d , d oses o f  3 0 0 ,0 0 0 ; 6 0 0 ,0 0 0 ; 1 ,0 0 0 ,0 0 0  and 1 ,5 0 0 ,0 0 0
*“ad. were used .

Pork f a t  was ir r a d ia te d  in  P e t r i  d is h e s . The same q u a n ti
t i e s  o f a n t io x id a n ts  were added as in  th e case o f therm al 
trea tm en t. A lon gsid e w ith  a n t io x id a n ts  d eterm in a tio n , 
o b ser v a tio n s  were made as to  the changes o f p ero x id es co n ten t  
in  the same sam p les. Pork f a t  sam ples were kept in  a therm ostat  
at 2 0 °.

F ig u res I and 2 show k in e t ic  cu rves o f in h ib i t e d  pork f a t  
and a n t io x id a n ts  d ecom p osition . O xid ation  tem perature i s  110°.

Judging by th e se  f ig u r e s  i t  i s  obvious th a t  p eroxide  
accum ulation  in  pork f a t  i s  accompanied by a n tio x id a n ts  
d e s tr u c t io n .

T ables 1-4  and f ig u r e s  3 ,4  rep r ese n t changes in  a n t i -  
a id a n t s  co n ten t and the developm ent o f o x id a tiv e  p r o c e sse s
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- t  i s  obvious th a t  the in c r e a se  o f  r a d ia t io n  dose r e s u l t s  in  
the in c r e a se  o f  the degree o f  a n t io x id a n ts  d ecom p osition .
A fter  b ein g  ir r a d ia te d  w ith  3 0 0 ,0 0 0  rad , the product r e ta in s  
74% o f a n t io x id a n ts (b u ty lo x ia n is o le  and b u t y lo x i t o lu o l ) ; when 
the dose o f  1 ,5 0 0 ,0 0 0  rad i s  u sed , on ly  19-24%» o f t h e ir  
i n i t i a l  q u a n t i t ie s  i s  r e ta in e d .

No a n t io x id a n ts  d e s tr u c t io n  was observed during 62-90  
¿ays* s to ra g e  o f f a t  sam ples ir r a d ia te d  w ith  3 0 0 ,0 0 0  to  
1 ,0 0 0 ,0 0 0  rad .

ta b le  I .  A n tio x id a n ts  d e s tr u c t io n  and p ero x id es  accum ulation  
in  the p r o c e s se s  o f  pork f a t  ir r a d ia t io n  w ith
3 0 0 ,0 0 0  rad and s to r a g e

B efore
i r r a 
d ia t io n

4
h rs

7
days

15
days

35
days

51
days

69
days

90
days

•Peroxide 
^umber,
7’ io d in e 0 .0 0 0 .0 3 0 .0 3 0 .0 3 0 .0 3 0 .0 3 0 .0 3 0 .0 3

t u t y lo x i -  
t o lu o l , 
mg % 2 8 .0 2 0 .8 2 1 .3 2 1 .2 21 .7 2 0 .8 2 1 .5 2 0 .0
% a n t i 
ox id ant  
to  i n i t i a l  
Q uantity 100 7 4 .2 7 6 .0 7 5 .7 7 7 .5 7 4 .2 7 6 .7 7 1 .4

P eroxide  
humber 
c" io d in e 0 .0 0 0 .0 3 0 .0 4 0 .0 3 0 .0 3 0 .0 4 0 .0 4 0 .0 4

^ u ty lo x i-
a n is o le ,
mg % 2 0 .3 1 5 .0 1 4 .5 1 4 .5 1 5 .0 1 5 .3 1 5 .0 1 5 .0

% a n t i 
ox id an t to  
t h i t i a l
Q uantity 100 7 3 .8 7 1 .9 7 1 .4 7 3 .8 7 5 .3 7 3 .8 7 3 .8

P eroxide
dumber

( f a t 41“
W ithout 0 .0 0 0 .179 ' 0 .8 8 3.05 8 .3 8 8 .6 9 8 .2 7 8 .9 2
* « U o x i-
4s n t )



Table 2 Antioxidants destruction and peroxides accumulation
in the processes of pork fat irradiation with
600,000 rad and storage

B efore 5 9 20 36 54
ir r a -  h rs  days days days days
d ia t io n

P eroxide
number,
% io d in e  0 .0 0  0 .0 9  0 .0 9  0 .0 8  0 .0 8  0 .0 9

B u ty lo x i-  
t o lu o l ,
mg % 2 7 .7  1 3 .2  1 5 .7  1 3 .8  1 4 .2  1 2 .7

% a n t i 
ox id ant to  
i n i t i a l
q u an tity  100 4 7 .6  5 6 .6  4 9 .8  5 1 .2  4 5 .8

P eroxide
number,
% io d in e  0 .0 0  0 .0 8  0 .0 8  0 .0 7  0 ,0 7  0 .0 7

B u ty lo x i-  
a n i s o l e ,
mg % 1 9 .3  I I . 3 1 2 .3  1 0 .0  1 0 .3  1 0 .7

% a n t i 
oxidant to  
i n i t i a l
q u a n tity  100 5 8 .5  6 3 .7  5 1 .8  5 3 .3  55 .4

Peroxide
number,
$ io d in e  
( f a t  
w ithou t  
a n t i 
o x id a n t)

0 .0 0  1 .05  5 .0 0  7 .7 6  9 .1 9  9 .2 6

75
d ays

0 .0 9

1 3 .7

4 9 .4

0 .0 7

1 0 .3

5 3 .3  

11 .39



—  »  —

lable 3. Antioxidants destruction and peroxides accumulation
in the processes of pork fat irradiation with
1,000,000 rad and storage

Before
irra
diation

4 hrs 5
days

12
days

26
days

62
days

Peroxide number, 
$ iodine 0.00 0.18 /0.38/ 0.21 0.22 0.93
Butyloxitoluol,
mg % 27.4 8.6 10.4 8.9 6.9 8.3

antioxidant to 
initial quantity 100 31.3 37.9 32.4 25.1 30.2
Peroxide number, 
& iodine 0.00 0.12 0.11 0.11 0.11 0.10
Butyloxianisole,
ttg % 19.3 7.0 7.0 6.3 7.6 7.0
% antioxidant to 
initial quantity 100 36.2 36.2 32.6 39.3 36.2
Peroxide number, 
h iodine (fat 
Without anti
oxidant) 0.00 0.92 1.94 4.22 0.23 8.59

\
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Table 4. Antioxidants destruction and peroxides accumulation
in the processes of pork fat irradiation with
1*500,000 rad and storage

B efore
ir r a 
d ia t io n

4 h rs 4
days

13
days

27
days

63
days

peroxide number, 
io d in e 0 .0 0 1 .3 9 1 .0 6 1 .8 2 2 .3 5 7 .2 7

B u ty lo x ito lu o l ,
2 7 .4 6 .6 6 .7 6 .5 5 .4 4 .4

^ a n tio x id a n t  to  
i n i t i a l  q u a n tity 100 2 4 .0 2 4 .4 2 3 .7 1 9 .7 1 6 .0

p erox id e number, 
^ io d in e 0 .0 0 0 .2 1 0 .2 0 0 .1 7 0 .1 8 0 .1 7

fiu t y lo x ia n i s o le , 
% 1 9 .3 3 .7 / 2 . 6 / 3 .5 3 .3 2 .7

^ a n tio x id a n t  to  
i n i t i a l  q u a n tity 100 1 9 .1  / 1 3 . 4 / 1 8 .1 1 7 .0 1 3 .9

peroxide number, 
* io d in e  ( f a t  
with o u t  a n t i -  
a i d a n t ) 0 .0 0 1 .9 1 2 .8 0 4 .9 9 8 .3 1 1 0 .0 5
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P ero x id es accum ulation  during 90 days' s to ra g e  ( a t  2 0 °)  
° t  f a t  sam p les, ir r a d ia te d  w ith  3 0 0 ,0 0 0  rad , i s  co m p lete ly  
in h ib i t e d . The same i s  observed  i f  the r a d ia t io n  dose i s
600,000 rad .

B u ty lo x ito lu o l  does n ot in h i b i t  o x id a t iv e  p r o c e s se s  
during 62-63 days' s to ra g e  o f  f a t  sam ples ir r a d ia te d  w ith  
ij0 0 0 ,0 0 0  and 1 ,5 0 0 ,0 0 0  rad; w hereas b u ty lo x ia n is o le  does
in h ib i t  th e se  p r o c e s s e s .

C O N C L U S I O N S

1. In rendered  pork f a t ,  in h ib i t e d  w ith  eq u im o lecu la r  
^mounts o f b u t y lo x i t o lu o l  and b u t y lo x ia n is o le ,  under therm al 
treatm ent p ero x id e s  accum ulation  i s  observed  accompanied by 
^ t io x id a n t s  d eco m p o sitio n .

2 . The a n t io x id a n ts  d is s o c ia t e  under io n iz in g  ir r a d ia t io n  
° f  pork f a t  in h ib i t e d  w ith  'b u ty lo x ia n iso le  or b u ty l-  
°xi t o lu o l ;  t h i s  p ro ce ss  i s  i n t e n s i f i e d  w ith  the in c r e a se  o f

r a d ia t io n  d o se .

3 . While s to r in g  pork f a t ,  ir r a d ia te d  w ith  1 ,0 0 0 ,0 0 0  and 
^-»500,000 rad , b u ty lo x ia n is o le  i s  th e most e f f e c t i v e  in h i b i -  
to r 5 whereas b u t y lo x i t o lu o l  has no in h ib i t in g  power in
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